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PREFACE 

1 

I have been very pleased with the general reception which the first two 
volumes have received. The present volume includes copier, silver, gold, 
and the alkaline earths. The radium and actinium families will appear 
af*£he beginning of Volume IV. The history of the Atomic theory in 
the first volume carried the evolution of the atom concept up to, anti 
prepared the way for, the introduction of the developments which followed 
the interest awakened by the discovery of the X-rays and radioaetivity. 
This subjecfiH also included in the chapters associated with radium. 
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nq* — aquooua 

atm- — atmoRphoric or atmoepljCirofa) 
at, voJ. — atomic volunie(tiJ t 
at* wt. = atomic wL'ighl(w) 

T or *K ^ abnoliito degree* of tcnipcmLuro 
l>.p. ^ Itfijing pointfu) 

= centigrade degree* of kmpomturo 
coofl, = coefficient 

co dc. — concentrated or concentration 

dil. ■» dilute 

oq, » equivalent^) 

fnjj- =*■ freezing pointfts) 

m.p. = melting pointy) 


niol[a)={j 


£nim-tfk>h culo (h) 
gram-molecular 




molecule^) 

molecular 


mol. lit, ~ molecular licat(i) 
mol. vol. = molecular vulumof 1 ?) 
mol. wt, = molecular wujght^} 
proHH, — pressure (a) 

*at. *= Ksturatod 


win. — tioIutioti(R) 

ap, gr. *= gpociCti gravity (grtLviticM) 

ep, ht. = specific )i caffs) 

sp + vol. «s specific volume (a) 

temp, & teuipcraLuru(n) 


vap, -= vapour 


The use of triangular diagrams for representing the properties ot tbroo-oomponeat 
systems was suggested by G. C. Stokes [Proc> lioy, See,, 49, 1T4, 1601). The method wm 
imm ediately taken up in manyjUrectUmH and it has proved of great value. With practice it 
becomfle u useful for representing the proportion of ternary mixtures u squared paper Is for 
binary mixtures. The principle of triangular diagrams is based on the fact that in an equi¬ 
lateral triangle the sum of the perpendicular distances of any point from the three sides Is 
a constant, *Oiven any three substances A, If t and C t the composition of any possible 
combination of those can be presented by a point in or on ibWriangle. The aplroa of tbo 



t ABBREVIATIONS 

Mingle represent the single component* j1 , fl, and C, the sides of tbe triangle represent binary 
mixture* of i and £, £ and € r or C end A ; and points within tbe triangle ternary mixture. 
The compositions of the mixture* can be represented in percentage or referred to unity, 10, 
^ eto» f *In Fig, I P pure A will be represented hy a point at the apex marked A . If 100 be the 
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standard of reference, the point A represents 100 per cent, of A and nothing else; mixtures 
containing SO per cant, of A are represented by a point an the lino S3,60 per cent, of A by a 
point on the lino 66, etc. Similarly with h and C—Figs. 3 and 3 respectively. Combine 
Figs, 1, i, and 8 into ano diagram by superposition, and Fig, 4 results Any point in this 



106 80 60 10 20 0%Of B 

Fto, 4,—Standard Uderonoe. Triangle, 

diagram, Fig, 4, thvw representa a ternary mix lure. For instance, the point M represents a 
mixture containing 30 per cent, of d T 3C per cent, of If, and 60 per cent, of C. 


CHAPTER XXI 

COPPER 

§ 1, The History of Copper 

Copper wjlj one of the earliest metals discovered by yian, and this long before the 
histories of anrienb peoples were inscribed on papyri* or engraved on stone pillars ; 
Genesis (4. 22) states that Tubal-cum—3870 n,r.—jras an artilicer in brass, although 
there is some uncertainty whether the original term means copper or bronze. Tire 
translators of the Bible did not understand the distinction those terms Iwar in 
metallurgy, and they were used synonymously -tho translations '* brass is molten 
out of stone {Jul, 28. 2) and “ out of the hills thou may oat dig brass ” (/taf/., 8, 9), 
obviously refer to the metal or ore of cupper, and not to brass. Thera is, indeed, 
nothing to show that what is now understood us brass wan known in scriptural 
times* for ziuc, an essential constituent of that alloy, was discovered at a much later 
period. Bronze, the copper-tin alloy, was known. A button, head, aud piece of 
wire, ail made of copper, arc reputed to have been found in the tomb of one of the 
earlier kings of Egypt—4400 n.r. Excavations among the remains of tlic^mcient 
Phoenician, Babylonian, Assyrian, and Egyptian civilizations have furnished a 
multitude of copper and bronze relics—the latter usually containing from 10 to U 
per cent, of tin. The ancient bronze ornaments contain various proportions of 
capper and tin, and a few show the presence of lead, or of lead and iron* Bronze 
objects dating back to 3000 tw i , arc known . 1 The numbers indicated in Table I 
represent anal)sea of some old bronzes : 
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A rod found at Alcdfim in Egypt is claimed to be the earliest specimen of bronze, 
and it is reputed to date from 3700 ur. It contains Tl per cent, of tin, 80 8 per 
cent, of copper, and a little arsenic. According to M. Berthelot,* some of the old 
Egyptian relics formerly thought to be bronze, are made of copper, and iif Meso¬ 
potamia, about 4000 B.c., virtually pure copper was worked, and statuettes dating 
from about 2600 b.c., consisting of copper or of copper with small amounts of tin, 
have been fbund--e^, thejironze statuette of Gude. Analyses of certain relics of 
the fiyocuEean age—that is, the period described in the poems of Hesiod and Homer, 
perhaps 1000 b.Cj— show that they consisted largely of copper unalloyed with tin, a 
as illustrated in Table II. It is stated in the Iliad t that Antilles’ shield was mode of 
tin, gold,*Uver, and cAofaw, which latter may have been copper, but more probably 
bronze* We are also tpld iVat at the Battle of Marathon, 490 B.C*, the Persians 
were armed with bronze swords and spears, and the Greek victors on said bo have 
been more pleased with thefte capture*! implements of war than they were with any 
vot. m. ‘ - 
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ol their other prim According to J. G. Wilkinson, the early bronze tools found 
in the dtffav ol the ancient peoples, show that the bronze they employed was 
lUjwjor for the manufacture of cutting tools, to the bronze produced at the present 
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It has been said that tho^hinesc book, Mhoo-Kiw^ about 2500 B.C., mentions 
copper and later records show that the kings Yu and Chun* who reigned about 
2000 B>C., caused nine bronze vases to be cast, and maps of the nine provinces of 
the Empire to be engraved upon them, However, but little is known of archwo- 
fogical exploration in China because the examination of ancient burial sites is 
prohibited by the Government* and opposed by the people, M. ChikashigS has 
analyzed some ancient Chinese and Korean bronze objects* coins, etc. He said 
that brass articles aw not so antique os bronze, and that the former date from 
the beginning of the Sung dynasty* about the tenth century. 

The Sanscrit word oyas, the Latin aes t the Gothic aiz, the German era* and the 
English ore* axe all of Aryan origin, and have been taken to show that the Aryans 
Wftto acquainted with cither copper or bronze. The terms were afterwards used 
to denote copper, brass, or bronze * Even so late as Pliny (c. 75 a,D,} ? these three 
substances were confused by the one term. From philological and archaeological 
reasons* it is probable thnt the primitive Aryans had not reached tne Iron Ag® J 
and there is no Aryan word for tin, on essential constituent of bronze, for the 
Greek j foir , r4rfpo( is said to be derived from the Assyrian huazitim f, which ifftuA 
comet from the Accadiau id-futsdura, Consequently* it is thought that ayiw, aes* 
Or ow is primitive* and originally meant copper. The Greeks, who were among 
the most advanced of the Aryan nations, seem to have been ignorant of copper 
when visited by the early Phoenician traders. The Greek term ^oAxiis for copper 
or bronze is not of Aryan origin. Just as the Latin ws cuprium —the origin of the 
tenucuprium or copper—is derived from the name of Cyprus* having been originally 
Ott egpnutn (that is* Cyprian copper or bronze), bo the Greek ^oAxov may be 
donved from the name of the town Chalcis in Euboea. In confirmation of the 
suggestion of the philologists* that a Copper Age preceded that of bronze, some of 
the oldest relics (relts* etc.) now collected in various museums ore of copper* not 
bronae.^ These celts arc usually chisel-shaped like the celts of the Stone Age. 
Archttobgical discoveries in India, Austria, Hungary, France* 4taly, and Spain 
have shown that a Copper Age* about 4001) b,c, 5 came intermediate between the 
Stone and Bronze Ages. In Britain* however* this is not the ease, because the 
evidence shows that bronze was the first metal known in this island* and that it 
was inthrttuced by traders from Gaul, In America* too, utensils have been dis¬ 
covered in ancient mounds showing that a prehistoqo race prior to the Indians 
must have been acquainted with copper * A. Helps says that at the time of the 
Bmush conquest of Peru, copper was considered to ba far more valuable than 
gold or suver. B h Nordensltihld * has discussed the Copter and Bronze Ages in 
South America' and J. E. Reynolds in North America. According to W, Gow* 
Uhftd, there ia no evidence of a Copper Age in Japan, hut*in the early centuries 
of our ere* the Japanesa,*had acquired a sktU in the privation and working of 
copper far in advance of that attained by any race ufltfl many centuries after the 
Ufpimmg of the Iron Ago* or even in Homan times. *■ * 

According to Diodorus (c, 30 b.c.£, the Nubian and Ethiopian mines kept Egypt 
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so plentifully aunptied with copper at the time of the Pharaoh* that this metal or 
bronze was used in making domestic furniture, qjjoriofcs, swords, arrow tips, etc. 
According to M. Berthdot,* the oldest known copper mine associated with the 
smelting of copper occurs in the Sinai Peninsula, 10 and workings there have been 
traded back to 4300 B.c. The remains of* a copper foundry dating back to 1300 B!C. 
have been found At TeM-SifT {South Chaldea). The island of Cyprus seems to 
have produced copper from about 3000 B.o n , and its copper mines passed 
successively under the dominion of the Egyptians, Assypans, Phoenicians, Greeks, 
Persians, and the Homans. * 

The bronze obfpets found in Cyprus have from 2 to 4 per cent, of tin, but no 
tin has been found on the island. W. Gowland 11 believes that the early bronze 
was obtained by smelting stanniferous copper ores, and although this might possibly 
have been the ease in Western Europe, the absence of tm in tile copper mines of 
Asia Minor, Egypt, and India, does not support this view, but rather indicates 
that the ancient bronzes were made from tin and copper mined or smelted inde¬ 
pendently. The remains of Roman mines in 'Egypt, Cyprus, Central Europe, 
the Spanish Peninsula, and Britain show evidence or the roasting and smelting of 
sulphide ores, A comparison of (\ N. Otin’s analyses of various prehistoric 
articles of copper, and of copper-tin from Rumania, with analyses of various Roman 
vessels, showed that the Rumanian articles were made from focal ores, and that 
they could smelt copper almost os well os the Romans. In Gcrmaay, rapper mining 
began at Rammelsbeig {Harz) about 968 a.i>., and at Hettotcdt in the Mansfeld 
district {Harz) about 1199. Although the Romans obtained copper from Anglesey 
during their occupation of Britain, very little copper was mined in England 
in the Middle Ages. In 1694, copper was imported from Sweden for British 
coinage, since the Cornish copper was considered of little value. In lfitfl, Queen 
Elizabeth glinted mining concessions to T. Thailand and D. Hochstotter, who 
famed companies for mining copper, and German miners worked at Coniston 
{near Keswick), St. Just (Cornwall), Neath (Wales), Etton {Staffordshire), and 
oleewVre, The dates 12 of the opening of smelteries in Wales are Neath (1504), 
Melincretbyn (1895), Tailboch (1727), Swansea (1717), Pemdawdd (1800), Llanelly 
(1805), Loaghor (1809), Hafod (1810), Cwmavan (1837), and Pcmbroy (1046), 
Copper was mined in Connecticut in America in 1700, and later in New Jersey, 
Pennsylvania, Montana, California, etc. Native copper was discovered in Lake 
Superior about 1040, but copper mining was not established there until about 1850. 

The remains of primitive smelting furnaces show that the copper ore was probably 
placed on charcoal in shallow pits in the ground, and rude copper cakes 8 to 10 
inches in diameter were obtained during the cooling of the inotal at the bottom 
of the pit. Egyptian pictures also show furnaces worked {with forced draught) 
first by mowpipe (perhaps about 2000 w.t\), and later by bellows (about 1500 b.c.). 
There are references to copper in Plato's Tinusus (c, 360 H.a), in Aristotle's Qenera* 
lion atSR Comtyt&n (c. 350 n.c.), in the spurious work On Marvels t and in numerous 
other early writings. In the third century n,c. T Theophrastus, in his Jltpi llvpor 
(c. 315 n.c*), first described green and blue copper minerals; and in his De materia 
medico {e. 75 a.d.), Bioscoriaes used the Latinized Greek terms chataUti,enity T iQry t 
and mdanteria—ehakiiis appears to have referred to a partially weathered copper 
pyrite ; and melanteria to capper sulphate ; while sory was a blackish atone impreg¬ 
nated with both copper and iron sulphates; ami mtiy appears to have been a 
yellow earth likewise impregnated with the sulphate. Piiny, in his Htetoria naturaiii 
(c. 77 a.d.), gave the same list as Dioscorides, but he seems to have been somewhat 
confused between chysocolla and chalritis. Dioscorides also described a furnace 
for the smelting of copper. 

In tSe latter half ofeiha eleventh century, Huge rue* or Theophilus 12 gave a 
description of copper pnteffliAg and refining: 

4 * 

The on employed is of *green colour and mixed with lead. A pile of ore it burned 
after the of lime, whereby the oglour it doV&aqged, but the atone loeee its hantase* 
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wfwsby it can be broken up. Coals are placed in the furnace, then the bruised and roasted 
oro, again coal, and ore anew until the furnace ia chawed, The bellows are then applied, 
and when the stone has commenced to litptufy, the lead flows out through some email 
oavi^ea, and tho copper remains wjthin, Wh^a this has been blown on for a very Ions 
lime, and cooled, it is taken out; and ouothcT0nrgo is again placed in tho furnace ^after 
t£o tame order. , , ■ « 

Thfiophilus also described the construction of the furnace. In 1540, V. Biringuocio 
outlined the process of joasting, smelting, and pole-re fining employed in Ssiony ; 
|nd fourteen years latcrAl. Agricola gave a description of various copper ores, and 
of tho roasting, smelting, liquation, and refining of copper, which showed clearly 
the methods employed in the sixteenth century. 

The alchemists of the Middle Age* symbolized copper by the looking-glass of 
Venus- i>ui#r 1, 1, 1 and V. The deposition of copper which occura when a piece 
of iron is immersed in a noli), of copper salt was cited by Paracelsus, in his 
tract Dr liwdUTW fthifaicwim (c. 152l>), as a proof of the transmutation of iron into 
copper* and 0, W. Wedel (1715) # und J. A. Stiller (1060) seem to have held similar 
views, although J. B. van Hrlmont (c. 1610) riglitly surmised that the copper 
already existed in the soln., for In- stated that when a metal is dissolved in an acid 
it is not essentially changed, for it can be recovered from the solvent, This hypo¬ 
thesis was established by R, Boyle about 1117 "i, 14 when he showed that this solvent 
permits the copper tu be precipitated in order to take up the precipitating metal 
iron or ziur. 
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$ 8, Ito Occurrence ot Copper 

• 

An ore is a metalliferous mineral or abrogate of metalliferous minerals, mixc4 
witfc more or less gangim, and con&ins a metal (or metala) which has found a 
recognized ’application in the industries,'and Vliicli orcure naturalfv in auflirieflt 
abundance to lw of commercial importance. The tjaftgw is the matrix of minerals 
associated with the mineral containing the metal to be extracted, The nature and 
character of the gangue usually determine* the detail# of tho ore-dressing and 
metallurgical treatment. to which the ore ih subjected in the extraction of the metal.* 
Copper ores are rather widely distributed* and are found in nearly every country* 
The occurrence of copper is considered by T.Carnelley 2 to agree with its position 
in the periodic table. The chief deposit* arc indicated an the map, Fig. h The 
copper minerals are far more numerous aud rcprcsenf a wider range of composition 
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than those of silver, to be afterwards described. The oxidized ores of copper are 
very numerous, those of silver are virtually nnn-emtent. Copper occurs us metal, 
in various forme of nulphidn, arsenide, antimnnidc, halides, etc., and also oxidized, 
as oxide, silicate, sulphate, phosphate, arsenate, carbonate, nitrate, oxychloride, etc, 

* * 

Tho [Tnito£ States of America is Iho Urgoat producer* and Iho dopant* are mainly 
about thn Rocky Mountains and Sierra Nevada^ nhnut J.akn Superior; mid about the 
Atlantic coast bed*-Michigan* Montana Arizona, 1'nhjnnun, Utah* Colorado, and 
Tennu»ar«L r Thn Anaconda mine (Hutte. Montana) is mud lo have been the mast productive 
on record ; it is famon* for its vein* of rich hprmdaiy sulphidas. Tho Ariufti^orra are 
LcW’grado porphyries ; the Michigan oreii am unique deposita of the native metal; th* Utah 
ore is on altered hiNufoiih [jorpbyry containing small groins of copper inmoroJa distributed 
throughout the mass. Tho TcmiosHcn deposit* are pyritically smelled and tho flue gofun 
are used in tho manufoctuqp of Kulphurir acid. There are important deposits in Mexico, 
Can Ada Sudbury and BriLiah Columbia—and Newfoundland Chile is stated to have 
probably two thousand mines regularly or intermittently worked. The average yield of 
each i* not HtatH- TV mine at Chucjnjoamata ia very rich, yielding the oxidized mineral, 
brochaatitft, CuSCVSCdjOHh, etc. The depocita wore worked by the aborigines before 
the SpaiAh conquest. Smaller deposits occur in Peru* Bolivi^ Argentina, and Vonazuel*. 

Many of the copper mfly^of Europe have been worked owes tho days preceding the 
Roman Empire ; aevpil of the old mines are exhausted; other* abandoned because 
unprofitable* Soma of the mines most productive to day are the oldest. The most 
important mines in Europe Vcur in the district about Huelva, extending into Spain and 
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Jtotqga), where the Rio Tint* Co. alone produced 30,000 to« in ISM* , 
worked many centime* by the Romans* The German deposit* are mainly located about 
Mawfeld {RhenJih Pr™i*); thou have been worked continuously for a thouaa^jiwra, 
and are satimated to have an equally Ion* life ahead of them. The more important Rnawan 
fap*Aa occur in the Urel*. In Great Britain, tho mine* of Cornwall have been worked for 
• £ra« time, but the yield ie not very large; there are also deposits at Afperiw IStfgfi 
(Cmanjrejl, Anglesey* etc. fn Ireland, c&pper fire is mined in Cork, Tipperary, ana \\ ickloir. 
Many districts m Africa have important deposits ol copper, Some have been worked by 
tht native* for centuries. Thor* are mine* in Rhodesia, Cape Colony, Congo ftee State, etc* 
The mines of Namoqualatid are the most important* There are large deposits of copper 
hi Alk^ but they oro mainly undeveloped, The mine* in Japan are, perhaps, the moat 
important to*day. China has produced copper from shallow pita for thousands oF yea™, 
but the Chinese mines are quilc undeveloped. India ha* many ancient mines worked in 
the early centimes, but now mainly idle, *Thn Silurian deposit* arc undeveloped. In 
Attttntaria, there are important miitftt in New South Wales, Tasmania, and South Australia j 
the mine* in Quoenrilaod ami Western Australia are not so important* 

According to IV. H, Wceif, 8 the World'* amcltor production in 1920 was : 


United States of Arnanoi , 

MntSc Toils, 

, 648,410 

Chile. 

94,531 

Japan 

66,664 

Mexico .... 

60,480 

Canada .... 

65,600 

South Afrioa 

32, m 

Peru. 

31,276 

Spain and Portugal 

26,000 

Germany .... 

17,266 

Bolivia .V 

9,960 


Metric Tees. 

Cuba , - 0,485 

Sweden * 3,MO 

Norway 1,400 

Australasia.1,000 

Austria-Hungary. 1,000 

Argentina. 

British Isles 
Italy , 

Russia. 


ton or nd ton 
The world’s output of copper 


A metric*ton or fowtte represent 10110 kilogram* or 22U5 lbs* ] a short 
is 2000 lbs*; and a Jong t&n or gross ton is 2240 lbs. 
in metric tons was: 



1HWU 

IStHj 


1WXJ 

1010 

llUS 

J91T. 


166,400 

274,005 

401,435 

877,404 

1,002,284 

1,436,721 

Highest price 

* £72 10 

£61 12 6 

£7« 

7 6 

£62 1 3 

£77 2 0 

£140 

Lowest price 

. £67 0 

£40 10 0 

no 

15 0 

£32 16 U 

£01 10 0 

£110 


Tho average price in 1801-1&10 was £160 per ton; this had fallen to £88 per ton in 
1841-18B0, and with small fluctuations down to £55 per ton in 1000. There was 
an abnormally large demand for copper created by the war, and the price soared 
to £)B3 per ton in 3916. The World a output in 1920 waa 949,015 metric tons, 
or ) >014,299 short tons; and the price ranged from £70 to £122 5s* per ton. 

The minerals formit\g copper ores am usually associated with a variety of 
other metallic minerals and earths os ganguc* The ores of most industrial import¬ 
ance, and most frequently encountered in mining operations, are, in alphabetical 
order : aaurite, liornite, chalcocik, rhalcanthite, rhalmpyrite, chr^MocolIa, cw-ellite, 
cuprite, raargito, famatinito, malachite, pyritc, tenorite* and tetrahedrite. Others 
arc of lees economic value* The ores are generally classified as native copper ores ; 
sulphide ores; and oxidixed ores* Small quantities of native copper occur in many 
district^ bht largo quantities occur in the Lake Superior region, North Michigan* A 
mail rejported to weigh 420 tons was found in the Minnesota mine in 1857, Native 
copper is usually fairly pure, but it may contain small amounts of silver and bismuth* 
It has a red colour and crystallines m the cubic system; the crystals are often 
twinned to form elongated spear-shaped aggregates* The native copper is con¬ 
sidered 1 to be a mineral of secondary origin, and to have been deposited from 
aoln* t or formed by the reduction of some solid compound, * Pseudomo(phs after 
the oxide, cuprite, and asurite aw well known. The eolmhave been format maudy 
by the oxidation of 4 pyritic ores. U* Pumpelly, 6 G, YoSefas, and R* D, Irving 
suggest that cases occur where the reducing agent was some* compound of iron— 
oxide or aUioato, H, N. Stokes found hornblende and riderite can precipitate the 
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metal from a eoln. of copper sulphate, and he showed that other ferruginous minerals 
can act in a similar manner under suitable conditions. BL C. Biddle studied the 
reducing action of carbon dioxide under press.; and A* Gautier, that of super* 
heated steam, Cu £ S4'3H a O=2Cu+SO ! H-2H s ; while H* de B&iannont, R, Beck 4 
E, Hawort^ and J. Bennett, and E. J. Sehmitx have shown that organic matter 
found in bones, wood, shales, etc., can effect Uuj reduction. * 


Among the native sulphide one* in ehiborite, also called fedruthitc, vfirroiw copper, 
or copper glance In the ideal case, this mineral Approaches dhprous sulphide, CujS, with 
78 "8 per cent, of metal. It crystallizes in the rhombic system, and has a greyish-bladk 
colour often with a*bluish or greenish tarnish. The ap. at, ranges from 6*6 to 3*8* and 
the hardness from S'C to 3 0. It is soluble in hot nitrio acid, leaving a deposit of sulphur. 
The corresponding cupric sulphide, CuS, is a rarer mineral called eoVelUU, or indigo copper, 
or blue copper, on account of its deep blue colour. It occurs in irooroecopio crystals belongipg 
to the hexagonal system. Then is also ctaileatilhile or ey«HMlt«!» Uue copper sulphate, 
CuSO*. 5H|0, which occurs in deposits, and as incrustat idha which are oxidation products 
of minerals containing copper sulphide. Then are al«o come basic sulphates, bfoelllllUta, 
CuS0 4 .3Cu(0H}j, linftte, UuSOj.aCufOHjj.jlH^, and wOOdwirtlts* These basic nits an 
probably mixtures. ChsleopyrJte, also colled copper pyritre, towanite, and ytUow copper cm, 
is the moat abundant of all the copper area. In the ideal case, it approximates to OiFo&i, 
or Cu l &F0|& l » with 34 per cent, of copper ; but then an eomotunee so many impurities 
present that the ore contains but 2 per cent, of the metal in question; even with this 
email amount, the ores con be profitably smelted under favourable conditions. In some 
places auriferous chalcopyrite is worked os an on of gold. A nether variety is called honHt, 
cmbescltc, itoriegQUtI copper orc t purple copper on, horeejieeh ore, or peacock era. This 
mineral appears to bo related to chalcopyrite muchasmarcasite is related to pyrite* but then 
an differences of opinion on to the composition of tho ideal mineral: Cu^FoSj ic sometimes 
given. 1). J, Harrington 1 gives Cu 4 Fc3 J+ Then are also duLmctiltl, CuFe,^ * and enhanlto, 
CuFojS*, to be included among the rarer copper-iron sulphides; wrolllh, CuS. Co ,8* 
is alto rare. Tho colour of chalcopyrite is brans or bronze-yellow, sometimes with a bluish 
iridescence produced by the thin film formed by tho tarnishing of the surface; bftmite has 
a bronze colour, and iorniehos much more readily than chcScopyrito—the conespunditiK 
iridescent effects are sometimes very pretty. Cholropyrito crystallizes in the tetragonal 
system, and the tetrahedral crystals so cloudy nenrmhlo octohedrs that they were once 
thought to lielnng to tho cubic system. A variety of chaloopyrita occurring in botryoidal 
mosses te called blistered copper ore, Jlomite belongs to the cubic system, Home varieties 
of marcasito and pyrite contain up to £ iwr rent or even more copper. The arsenides : 
dUMykttfp Cu a Afl, and a variety with oobaftond nickel as well as copper is called viohawJtiie 
or ilgadanlta, Uu fl As ; and whllneylto or dtiUflllte, Cu,Ab ; tho antimoxude: hcnfordlts, 
Cu,Sb; tho eelmidfw : beruUuifta, Cu,Ho; tuninglte, CujSbj ; migite, (Cu,Pb)8e, and 
a variety with copper, silver, and Ihallium, called tiftrtfcttlto; the tolhirido: tltiurdlfe, 
Cu 4 Te lt have been reported. Enargtle or lUEontte ic a mixed copper and arsenic sulphide 
in some eases approximating ACugS.AAjHji or Cu,Aa8 4 , analogous with the isomerphous 
tattiUhlte, 3Cu,S. Sb jS,, or Cu^ bS 4h whi |u tannanUta corresponds sometimee with 
3L’u t 3 H Aft t 0 t or with Cu 4 Aa s S r ; and tatralledrlto, SCugd.Bb,^,, or aim 0u ( 8b,S f . Euargite 
is tho source of the arsenic in Manilla copper. Tetrahcdrite is also called luton, faht ere, 
or grey copper ore, and it can be regarded as cuprous sulphide with more or Jess copper 
replaced by iron, zinc, and mercury and mixed with arsemo or antimony sulphide. Gold 
and silver are also usually present. H is an iron-black or steel-grey mineral occurring in 
tetrahedral crystal# belonging to the cubic system. It is rarely worked for copper alone 
on account of dhe difficulty of eliminating arsenic. In addition to these sulpho salts, 
them are choicest I butte, CuSbSj; cmplectltc, CulJiS,; ftylotjplte, Gu ( Bbd,; wHUabulta 
CuiBift,; alkealts, CuPbBiS,; klaprothd!!*, Cu,BiA ; eptgcnlta Cu^Si,; eapraMt- 

ffliltUU, Ou f Bi.S ll ; itllvaults, Cu,V0 t . The copper in these minerals is sometimes 
replaced, by outer metals—silver, mercury, lead, zinc, thallium, eta—and |h^ arsenic, 
antimony, and bismuth may replace one another. 

The oxidized ores, like thg basic copper sulphates indicated above, usually occur m 
decomposition products of sulphide ores, and they occur in the upper part of a seam 
associated with iron oxide, xjhile the sulphide ore is lower down- They do not occur on 
an extensive scale, and they are not such important sources of copper as the sulphide ores, 
Cnpttta, also called red oxide of copper or ruby ore, in the ideal ease approximates to cuprous 
oxide, Cu,0, with 88 i 8 per cent, of copper. It has a red colour, and crystallizes in octihedra 
and oubef^peloiiging td* the cubic system* Ta&orite, msbSDBltt, or block oxide of copper, 
oootus u^mivo in a few localities. In the ideal case, it corresponds with cupric oxide, 
CuO, containing 79 85 per ffirt* of cooper. Green carbonate of'topper, or mwlwfrjla, occurs 
in green memos or inetfhtationfli, and when pure corresponds with CuCO*Cu(OH)* with 
fiT'33 per oeftt. of copper; the less common bin# carbonate of copper, also called Ktritf, 
occurs in blue or greenish-Wfte mosses approximating bribe Ideal ease to iCuCG^Ct^OH},, 
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With per oant, of copper. Both carbonates occur in monoclinic crystals. DEftptaffl 
is a green copper silicate, and is rather fleered In the ideal case, it corresponds with 
Cu8iO|.H|(X It occurs in rhorabohedral cryatak The more common hydrate, 
CnBiO^aH^, is called rtrysooofc and CuSiOj.Su^), aipwolltbik Chrysocolk is duo 
^rwnt, but it does not occur in ciyslok The sdicatea thiftuetafto, CuH,8i|G T * Mid 
IlhuuIlM^ are rare, Atuandfe is a cnp]ior oxychloride, CuCl^SCuO.aHjP, or 

OriCli.3Cij{OH> 1 , approximating to fi&«per cent, of copper. It cry kail i/ea irflhc rhombic 
system, and o^um massive in Chile and Bolivia, There nre oeveral copper arsenates end 
phosphates which occur as minerals, but ihoy are of no importance oh sources of copper* 
OHvwita, aCuO.Aa/J, Cu(OH)*, occura in olive-green prisms belon^in^ to the rbombio 
system: tho fibrous aggregat™ of ociCular crystal* are called wood ropper; it may also 
tfcour massive in various shades of green. j el low, or hi own, Thu so-called llfOCOnlta 
comBponda with HCu(XAfc,0 E . and ollDMlira with l5CuO.A* a O v 3ffiO, r I'ho hydrated 
phosphate, Ifbetiuolfa, j K'uO T 1 O t !l 1 0 1 is olive greifi ; phMphoCtuddk dCu0T|0 £ .3H t 0, 
varies in colour front emcpahl green in almost black. The uranophoHphftte, cbakfllitbltS, 
CuO,aUO I .i > l O B , is known i and thcie is also the tungwtato* tuprotUQgStlta, CuWO*. 

According to f-, C. Hutchins, 7 spectroscopic observations indicate that copper 
is present in the sun, and it has also been found by A. AVard, G, ft. Jamieson, 
W. N. Hartley, and E, K. Howell in meteorites. In the latter case, E. Cohen has 
reported up to 0'3 per rent, of copper. This metul lias also been detected in 
numerous rocks, and in soils* For example, F. W, Clarke and G. Bteigcr observed 
on the average, in oceanic clays, and river silt, II'UIAJ percent, of cupric oxide, and 
J. D. Rohertaon found 0 (l0dn to OiJOHHO per cent, in some American limestones. 
Sea and many mineral waters contain trace ft of copper, w The metal has been found 
in thrashes of seaweeds. Copper also occur* in numerous plants. LU This was 
recognised as early as ]NH by J. F, John. It is also particularly noticeable in 
plants grown ill cupriferous soils, The metal has also been found in different 
organs of animals; for example, 1 Jl van ltallic and J. J. van »k found copper a 
normal ^constituent of the Jumum liver- 3 8 to 30 0 mgrm. per kilu, of liver. It 
was rcjiortod by A. H. (him li in the blood of herbivnra, 11 According to 
A. H, Church, it occurs in the complex compound tvmcmc* G^lfpqrunNgt^, 
as a tt l d pigment cohmriitg the plumage i>f the turacou, W, (\ Rose h ml ii, Jloiknaky 
found copper in various rulcntmtu, molWa, Crustacea', cIusmobrancLii, and 
teleo&tomi. It. A. Muttkowsky found tin 1 metal in many insects and arthropodn— 
snails, plugs, garter snakes, centipedes, spiders, etc. R L S. Hiltner and H. J. Wich- 
maim found UT2 to O'JliS gnus- or an average of 080 grm. per kgrm—of copper 
per kilogram in oystore of Atlantic waters. J{ r A. Muttkowaky believed that 
copper forms the nucleus of a respiratory protein in mollusca and erustaceoj; and 
iu urtliropoda, as a nucrlusof Jtu'inneyamne, The copper found in plants is due to 
mcrbanical stm age r and plays no active rob- m the physiology of the plant. It 
appears also that a very pale blue cupriferous hwmooyaniiie tan play the same 
t6k in the blood of certain crnstacoEu and arthropoda that ferruginous hemoglobin 
plays in the red blood of animals. 

A. iJuflos showed that copper may contaminate many food and other products. 12 
F. friedler, J. .Milne. T. Rokorny, and L. Vignon reported its firc^nce ifl water 
containing carbon dioxide, or in water din til Jed through copper coadentwr tubes. 
Its presence 1ms been reported in bread, 11 * jam, 14 pickles,^ green fruits, 16 cheese, 17 
rocoa, 11 * bones,* 1 ' sugar T ^ fruit syrups , 2 * yeast, 122 beer, 28 wine, 2 * vinegar,^ gin* 2S etc. 
The cofiprr in many cases is derived from rontuet with copper vessels in tk£ process 
of manufacturing these product*. It has also been reported in various drugs, 27 
geranium oil, olive oil, bergmot oil, eU\ Traces arc not uncommon in many alloys 
not usually regarded as cupriferous. 2 ** * 
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§ 8, The Separation of Copper from its Compounds 

» 

The motri can Iks readily obtained from the various compound* of copper. 
The proccBHea of reduction illustrate the reduction or decomposition of the copper 
compounds* and some of them are employed with the object to preparing, cry stela 
of the metal. In 1844* C^Wett obtained a patent for purifications copper 
by ekctrically heating the*metol. H. Moiaan 1 and M f* R^O’Farrellay dieted 
aU the foreign metals from cupriferous alloys of nine, oadmiunf, or lead'by heatiDg 
them for a few minutes m an electric fumaoo; C. F4ry rtparated the constituenta 
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of bus by fractional distillation; and H.Moiasan and T. Watanabo likawue 
found that all but 3*62 pel cent, of silver could be distilled from a 00 pet oent. 

copper-silver alloy. * 

H, Moieaan found that cupric wide is decomposed when heated b the oleetrio* 
furnace, am| A, Gu^rout also claims to have decomposed the same oxide in a sealed 
tube at 280 . Several organic salts of copper are decomposed into the metal when 
heated. For example, P. A + Adet, CL GchLen, A, Vogel, ll Cbmcvix, and B. lc Roux 
obtained a mixture of copper and carbon by heating the acetate. According to 
A. Angel and A, V. Harcourt, the decomposition begins "between 150° ami 160°: 
and it is completed at about 33G fl , CL Gehlen likewise hcafod the formats, and 
found the product to bo free from carbon, J, WL Dobereincr, P, L. Dulong and 
J. Petouxe obtained the metal by heating the oxalate; L, A. Blanche, 
and J, B, Trommsdorff by heating the tartrate; J. Priflusw and H. Engrihardt, 
by heating the lactate; F. Wohler and J, von Liebig, by heating a mixture of 
cuprous chloride, ammonium chloride, and sodium carbonate ; A. Gautier, by 
heating its sulphide with water-vapour. , 

A, Osann obtained the metal bv lusting to redness cuprous or cupric oxide, 
or copper carbonate in a stream of hydrwjeni carbon monoxide, or coal yon. The 
reactions have been studied by W. Muller, F. Glaser, GL R. A. Wright and i;o- 
workers, I, L t Boll, E. D. Campbell, and W. Spring. According to L. Pfaundlor, 
a mixture of copper and carbon is formed when coal gas is used ; and E. D. Campbell 
found the reduction of cupric oxide begins between Sirj 0 “32fi 0 with ethylew; 
between 270°~280° with propykne; and between 320° and 340 1 " with butylene. 
G. Gore reduced heated cupric chloride with coni gas; and W. Spring, with 
hydrogen, P, Sabatier and J. B. Senderens reduced nitrocopper, Cu^NOjj, with 
carbon monoxide ; W. R, Hodgkinson ami CL IL Trench reduced cupric sulphate 
at 400° with^amwoflia; and 1). Stick ney, A r Liversidge, and W, M. Hutchings 
reduced the two sulphides with hydrogen. According to S + U, Pickering, the 
reaction proceeds at (HK) 0 with hydrogen and with carbon monoxide. 0, Low 
rflducfld heated copper oxide with petroleum ether, G. Bruhns reduced the hoatod 
oxide with the yapours of tndhyl or ethyl alcohol— the former acts better than 
the latter, and, according to L. Pfaundlcr, the product contains some carbon and 
hydrogen A, Gucrout used dried ether ; T. Weyl, formic arid; A, Gautier, mter- 
vajmtr; and R t Brauns, carbon dioxide or mtphuric acid— P, N. Raikow objects 
that carbon dioxide will not do the work. 

E. Beckmann 2 reduced the oxide or sulphide with rafaiuw; F h M. Perkin and 

L. Pratt, with calcium hydride; and it. Neumann and A. Frolich, with calcium 
carbide.. Tha reaction with calcium carbide has been studied bv F. von Ktigelgen, 
S. Frenkel, H. Schillbach, N> Tarugi, II. K Warren, L. M. BuLlier, H, 0. GeeL 
imiyden, etc. B. Neumann reduced with silicon carbide ; H, Moissan used boron ; 
J. P. Schweder, and E h Donath, iron; G. R. A. Wright and A. P. Luff, 

M. Laz&wsky, J. Marnier, and A, C. Bec<|Ucrel, cadion; C, Winkler, mrujneriutn ; 
G. L. do Chalmot, zinc; J. L, Sam mis. lead; A. G. Betts, aluminium; J, N, 
Pring, aluminium carbuk ; and F, Ephraim, sodium amide. 

Cuprous oxide is decomposed into tapper and cupric sulphate by boiling with 
dil, sulphuric acid; and cuprous nitrate is decomposed into copper afid* cupric 
nitrate, F. Gaud 5 heated friding's aulm p/.v.) with alcohol in a scaled tube, and 
F, Caseacuve heated the formate or oxalate with ammonia under similar 
conditions for 5 hours at 156°, when microscopic crystals of the metal were 
obtained. T, Spencer obtained crystals of copper by allowing copper to stand 
partially immersed in a sob* of cupric sulphate and partially in one of sodium 
chloride. Clemcntf, H. de S£narmont, J. P. Wagner, and C. Weltx alloyed wood 
to standTor a long time jp. contact with a dil, sob, of agupric salt, and obtained 
cubes, octohedra, and Jong "four-sided columns of the metal. Guprio or cuprous 
oxides or salts are reduced to the metal by many other agonte— e.g. F. Wohler 

reduced a warm cupric adfetate sob. with sulphur dioxide. A. Etard, CL Grittier, 

• * 
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L, P. <Ie St. Gi)]e», F. Berthiei and A. Vogel obtained crystals of the^ metal by 
heating the sulphite with water in a sealed tube between 180° and 200 , G, Gin 
and A* fitard reduced a aoln?of copper sulphite by heating it in a scaled tube 
♦under press- 

C. F* Bchfinbein, P. Schufczrcnbejger, J L Meyer, and 0. Brunck redded antacid 
aoln* of cupric chloride with sodium hypn$ulphite } NftgSgOj, cuprous chloride wae 
first deposited, then copper—some sulphide is also formed. F, Wohler, C. F. Ram- 
melaburg, reduced rupric salts with phosphorous (tcid— L. Amat obtained octahedral 
pryatala of the metal f?om a solm of cupric hydrophosphite, CnHPOs, in phos¬ 
phorous acid. According to C. F, Itamimdsberg, p/tosphites uqjt hut slightly if at 
all; barium hydrophosphita, liaillacts only in the presence of an acid; and, 
according to A, SabanejcfT, (uuwonuttn dihydrophosphtte, (N^jH^POj, docs not 
reduce in alkali noln.; tflic reducing action of hypophosphites and hypophosphorous 
acid hoe been investigated l>y C, F, Kammclsberg, E. J, Bartlett and W. Merrill, 
W. Gibbs* and A. SaburiE'jctf. T. CurtiuH and F. Schrader, E t Kndvenagcl and 
E. Ebler, ami K. Ricgler reduced cupric salt suln. with hydrazine sulphate in alkaline 
soln.; in arid soln a pale blue cuprfc hy drams snip hate is formed. H. N. Holmes 
prepared fine tHruhedra of copprr by adding cupric sulphate to silica jelly, and 
covering the mixture with a sntri. of hydroxyl a mine hydrochloride. 

According tu Tfl. Janssen, F. Wril, t. Lcykauf, and F. Kcsaler and J. Luwcnthal, 
sttmvftwi chloride precipitates cuprous chloride from cupric chloride soin. and an 
excess of the reagent given metallic copper an well; but ammoniaeal solm arc not 
reduced. A. Lottemioser obtained crystals of copper by allowing cold &oln. of 
cuprie and Htanmnis chlorides to stand in contact with sodium citrate. The redue- 
tion of cupric by frfmix salts has been symbolized : FeCl 2 -fGuCi a ^CuCl+FeCl 3 , 
followed by: FeCLf(hiCI^Cu f-L'YCIg. Hence the precipitation of metallic 
copper by i^oln. of ferrous salts ia a reversible reaction, and the formatjpn of metallic 
copper is determined by the relative cone, of the four salts : ferric, ferrous, cupric, 
and cuprous chloride*. This explains some apparently contradictory reports 
which have been made as to the behaviour of mixed suln. of ferrous and hiprffc 
sulphate ; wnu i report the formation of metallic copper, others deny this. If the 
ferric sails have an appreciable cone, they will dissolve metallic copper. The 
tendency of ferrous salts to ml nee cupric nalts is .shown in tin 1 precipitate of cuprous 
thiocyanate hy the action of ammonium thiocyanate on a aoln. of ferrous and 
cupric 1 chlorides ; and cuprous chloride is formed when cupric oxide is treated with 
ferrous cldoride. Ferrous salts can reduce alkaline soln. of cupric salts to the 
metal; for instance, J, AT. Eder obtained copper from the cupric acetate or from 
alkali ferrous oxalate ; and A. Muller, and F, Wibel obtained crystalline plates by 
warming cupric and ferrous sulphates with alkali hydroxide or wollastomte. The 
reaction has been studied hy H.t’, Biddle, E. Bniuu, A, Level, A. Job, XL Herrmann, 
E, Muller and F, Kapeller, nrnl H, ]i. Ellis and AV. M. Collier, Thu last-named find 
that when ammonia is added to copper sulphate sola., the distinctive blue*colora- 
tion is not obtained or is rendered indistinct if ferrous sulphate is present. If an 
excess of ferrous sulphate be present, no coloration is produced, whilst the iron is 
precipitated as ferrous and ferric hydroxides; the soln. contains cuprous com¬ 
pounds^ ffhd a small quantity is present in the precipitate. The production of 
the ferric hydroxide is brought about by the oxidizyig action nf the compound 
CuSGt.ft'Nl^OlI, and the amount of oxidation is proportional to the amount of 
■, ibis sultetance present. Complete oxidation is brought about when both the 
cupper and ammonia are present in excess. No action takes place between ferrous 
sulphate and eopper sulphate soln. in the cold, but, on boiling, the copper sulphate 
slowly oxidizes the ferrous hydroxide produced by hydrolysis. Various sugars 
also reduce the salt soln.^to tho metal, as in the preparation of cuprous oxide from 
cupric salts when the reduction is carried to an end , 

Electrolytic copper is usually crystalline, G, Bird * obtained crystals of copper 
by connecting a nine plate, dipping in a soln, of sodium chloride, with a copper 
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plate, dipping in a aoln. of cupric sulphate. The latter was contained in a porous 
pot dipping in the sodium chloride solm H. N, Warren obtained cubic crystal* 
of the metal by a similar process. Crystals of coppcF an? also found in Home galvanic 
cells containing a copper element, which have stood for some month*. , 

flhe electro-refining of copper is based upoq the older process of ehrtrnplating. 
As far back as 1801,“ it was known thaf if silver be made the negative pole in a 
sob, of copper sulphate, the silver receives so tenacious a coating of copper that, 
the latter can be burnished; and L. Brugnntclli (180D1 gilded silver modals by 
making them the negative poles in a snln. of gold chloride. E, Davy also AUtui} 
that in 1830, he gibled, silvered, coppered, and tinned various metal* by the voltaic 
battery. G. R. and II. Elkiugtoti, A, Farkes, and 0. W. Barratt developed solm 
for the electro-deposition of metals, but, prior to 1840, tluT deposits worn 1 thin, with 
a more or less frosted appearance. The process of electroplating did not meet 
with commercial success until the use of potassium vanirie had been discovered. 
The patent by G, R. and H, Elkingtou {1H4IJ) for electroplating rupper and its 
alloys with silver or gold ami of iron with cuppei, by means of an electrolyte con¬ 
taining potassium cyanide, was based on the work of J. Wright, who found in the 
use of this agent tile solution of the problem of electro-depositing brig I it. liltu* of 
metal, J, Wright, in turn, obtained the hint from (\ W. tfeheele'n memoir, A: 
ntattsria tingente c&rula- Beroliwtims (1783): 

It ift remarkable that our voJuurmg mallri 1 (hydrocyanic uciiJ), at let 1 it ha* united with 
Hit* alkali, or with the lime, forms a menstruum, cupahle not <.mly of distil vm^ metal ho 
calxcs, hut, a [ho of utmist Mutiny a triple Milt, Minch ik net decom pti^eil by ihe (Marini acid, ha 
happen* with th» hxivimn ^angnmiH (mp aoln. ptilru^mm ryanuM nid l hr precipitating 
liquor, when caponed to the (mi ncco** of air. Iron ia not the only ineluJ which \tnn the 
property of fixing the vulourm^ matter. the name quality UiloiigK likniMw in ^ijd. nil vet, 
copper, and probably to Rivera! other metallic c-aKi a ; for if, afler llirae mlxi n have bpen 
pmujpitatcd, a sufficient quantity of piveipitutm}' liquor be added, in order 1o leiiisholvo 
them, the eoln. remains clmr in the open mr, imd in thi* slste tin- m-nul ncui duos fieI. 
precipitate the mrtallir calx. 

• * 

In electfOtyping, a coating of eofiper is drposited on suitable objects by making 
them the cathode in a soln, of copper sulphate with copper platen an amides, and, 
as shown by W. de la Rue in 183ii, when the copper pJato is stripped oil, it hoi the 
counterpart of every' mark or scratch which was on the original, T. Spencer, ami 
M. H. Jacobi applied the idea in 1838 to convert lincly engraved designs on copjier 
into relief; and so, they reproduced copperplate engravings, medals, ornaments, etc. 
The process was employed for reproducing patterns for wall papers, makiug rollers 
for calico printing, etc. The principle has been adopted for reproducing statues, 
busts, and casts of models m gypsum or guttapercha. The original is first coated 
with oil and graphite to make the surface electrically cimdueting, and then made 
the cathode in an electrolyte of a copper salt. After a sufficient thickness of metal 
has beffn deposited, the interior plaster can be removed. Iron can bo coated with 
copper by dipping it in an alkaline solii. of copper cyanide, and, if necessary, con¬ 
tinuing the process electrically with copper sulphate as electrolyte. One of the 
best electrolytes is made bv dissolving 3 L 13 gnu*, of copper sulphate in water ; 
adding Ammonia until the precipitate rcdissolves, forming a deep blue soliff ;* adding 
potassium cyanide until thogblue colour of Lhr solm disappears; and diluting with 
water to make GOO c.c, of liquid* 

According to W. I),* Bancroft, in the electro]listing of metals, (1) Bad 
deposits are due to excessive admixture of some compound or to excessively large 
crystals, (2) Excessive admixture of any compound may be eliminated by 
changinglhe conditidhs so that the compound cannot precipitate. (3) Increase of 
the currant density, or A increase of the potential difference at the cathode, or 
depression of the temp. ttecJeases the size of the crystals. (4) The size of the 
crystals is *dinunislted when substances adsorbed by the deposited metal are 
present at the cathode surface, (5) If a given soln. will yield a good deposit at 
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any ginn current density, it will yield a good deposit at any higher ounent 
density provided that the condition* at the cathode surface are kept constant* 
(fl) Treeing is facilitated by fc high fall of potential through the aoln. and by 
•conditions favourable to the formation of large crystals. W, Blum found that 
tfeew observations are applicable oyer a wide range of condition*, and*to a vrtiaty 
« metals. W. E, Hughes regards the polished appearance often observed with 
metallic deposits formed upon rotating cathodes is duo to the smallness of the 
grains composing the deposit. The smalJnesu of the grain appears to be the result r 
of constancy of the concentration of the metal at the surface of the cathode* and 
this constancy to be the result of the movement of the cathode and not of any 
burnishing action, a* has been suggested. 

Thi metallic precipitation ol copper, —Near the beginning of the fourth 
century, Zosimua mentiefoed that when iron is immersed in a aoln. of a copper salt* 
the iron acquires a coating*of copper. In the sixteenth century, Paracelsus 7 
precipitated silver from silver nitrate by inserting a plate of copper in the soln,, 
and he noted that the copper is at the same tirin' attacked by the liquid. To the 
alchemists of Die Middle Ages* the precipitation of copper which occurs when a 
piece of iron is placed in a soln, of copper in aqua fortis appeared to be a veritable 
transmutation of iron into (topper, T, Bergman, in his Ik pratipihUis metalline, 
near the middle of the eighteenth century* noted that " the metals precipitate one 
another after a certain order . . , which is constant and never inverted . . . zinc 
prevails over iron* iron over lead, h ad over tin, tin over copper* copper over silver, 
silver over mercury, etc." ; and, in his Dv nMmrtwnibus etec^ma (Upsala* 1775)* he 
added: • 

BincOj therefore* mfllftllii ftuhilums nrc of mirh a nature* that they r&DDOt restore to its 
metallic splendour whnt thry hold difHolYod, wjlhout the acnwuDn of a now portion of 
phtogfriui), it ix Hfilr-evident, w well cobfotniahio to experiment, that Shu cannot bo 
effected by the addition of calccH. If, thcrtfoni, ochrn bo put into a solution of vitriol of 
copper, no oopiicr will i>o precipitated ; but iron aij<frd to tho solution i« soon observed to 
bo covend with a cupreous prllictn; for it yields part uf its which is neAcssavy 

to the reduction of the copper, and by thin means become U«rlf soluble without the emission 
of any inflammable air r 

N. W. Fischrr , 8 in bis Drw Vvthaltviiui tkr chmincken VmcavdtJtc^ftzar qalrani- 
wften Efartricittit in VcrsucAcn thmjnttdU (Berlin. 1830), noted that in cupric nitrate 
soln. the metal is deposited with decreasing rapidity by zinc, lead, tin, and cadmium. 
Tho precipitation of copper by iron was regarded as a simple replacement of the 
one metal by the other: Fed C 11 SO 4 --’ Cu+Fe80 4 \ but* in 1057* W, Odling showed 
that this is not the rase, for an eq, uf r admium will completely extract the copper 
from a solu, of the neutral chloride containing much more than an eq. of copper. 
J. B, Spnderens examined ninety eases of metal precipitation from salt sola, by 
aluminium* arsenic, cadmium, iron, lead, magnesium* manganese, molybdenum* 
nickel, palladium, silver* tin, tungsten, uranium* zinc, and by a^iugiber of alloys* 
The precipitation is not always complete* and only in about eleven per cent, of the 
cases examined waa the quantity of metal precipitated approximately eq, to the 
amount of metal dissolved, and in only one case waa the equivalency exact, 

Aco&rSing to F, Hiller* 9 and J, T. A. Mallet, if copper sheet be dipped ih 4 sob. 
of cupric nitrate, aome crystals of copper and of cuprous nitrate are formed; the 
sulphate docs not act bo well, although F, FtJretor and 0 . Seidel, F, Fischer* F. Wibd, 

„ C> Hhussermann* and H. WohMl obtained crystals of copper by heating the finely 
divided metal with a feebly acid cone, soln. of the sulphate. G. Quincke, and 
J. H. Gladstone and A. Tribe also obtained crystals of the metal by dipping copper 
tods in molten cupric or cuprous chloride. K. M* Caven further obeen^ that in 
the action of win, of cupric sulphate on precipitated copper at atm. temp,* small 
quantities of cuprous oxide are produced, and that thl tono^ of the soln. has little 
influence on the result. In accord with a suggestion by E. Divers* iff is assumed 
that the cupric sulphate is reduced to cuprous sulphate, which in turn is hydrolysed to 
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cuprous oxide, CugSO^+HjjQ^CujO-f-HjSQ^ for if much chalk be also present, the 
acid product of the hydrolysis is neutralized, aud ia prevented from accumulating 
in the syatem, a comparatively large proportion of cuprous oxide is formed. There 
is also the decomposition of the cuprous sulphate: CuoS0 4 =Cu+CuSQ,, whictf 

S in a^pd soln, According to M, C.^Iea,.finely divided silver reduces cupric 
e f but not the nitrate. 

Copper is rapidly precipitated from soln. of its salts by magnesium. 10 According 
to J. Thomsen, the thermal value of the substitution of^opyor in an aq. soln. of 
cupric sulphate by magnesium is 124 22 Cain,; by zinc, &U 13 Cals.; and by irot^ 
37'24 Gais. J, Thaniaen’s data for the formation of nitrates and sulphates by the 
action of an aq. eoln, of the acid on the metal are collected in Tabic 111. The data 
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not ofly enable the heatfl ef .sola, of the metal in dil. sulphuric acid with the evolu¬ 
tion of hydrogen to he determined, but also the heat of decomposition of a soln. of 
a salt of one metal by a stilt of another metal. For instance, what is the thermal 
effect of the dissolution of riuc in dil. sulphuric acid I Here, (Zn, 0, 80^ 
—0)—lUG’OD—66*36, or 37 73 Cals. Again, what is the heat of decomposi¬ 
tion of a rain, of copper sulphate by metallic iron ? Here, (Fe, 0, 80^),^ 
—(Cu, 0, 80^ ^i)3 2—55 %; or 37 24 Cals, As. J, Thomsen has shown, however* 
the results in many cases may be illusory because of secondary reactions—<.p. the 
precipitate, A, ami precipitant, B, may form a galvanic couple whereby more of 
B is dissolved than corresponds with A precipitated; insoluble sulphates may 
be formed as is the case with lead and barium salts, etc. With silver, copper, 
and gold, reduction by magnesium is the more energetic the greater the at. wt. 
of the metal—thfls cuprous oxide reduces easily, whilst silver oxide is reduced 
with explosive violence. Aureus oxide breaks down into its constituents below 

precipitates all the copper as met^| from an 
acid soln, of cupric sulphate; the greatest part of the copper from an acid sola, of 
cupric chloride ; with an qpomoniacal solo, of cupric chloride and an excess of 
magnesium, the blue colour soon disappears, and about 57 per cent, of the copper is 
precipitated as metal, whifc the remainder forms cuprous chloride; and with neutral 
soln. of cupric chloride, a green basic cupric chloride is precipitated and some 
cuprous hydroxide is formed which passes into cuprous oxide when the soln. is 
waimed^In 1866, A: Commaille showed that cuprous oxide and chloride are re- 
spectivelyformed during the reduction of soln. of cupfic sulphate and chloride, 
along with basic cupric salts, He attributed the evolution of hydrogen to the 
decomposition of water by the copper-magnesium couple in which tne very electro* 
positive metal magneriumris involved. In 1627, 6. wetzlar suggested that when 


the ignition point of magnesium. 

A. Schmidt noted that magnesium 
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line is lwed, the precipitated copper forms a gahwrische Kette, A, CunimoiUe gave 
an equation which, in modem notation, is dCuS0 4 +311^0—GMgSOj 
H-CuSO^^CuOH-CujO-fCu-l-^a* and which may be regarded u* his attempt to 
•represent the relation between the relative proportions of magnesium and cupric 
tyuphatc consumed, and the products of # th« taction at the temp, an^ aaln, cone, 
employed. \IT, A. Tilden assumed that the first action of the acid results in the 
precipitation of copper which formed a couple with the magnesium* Hydrogen is 
accordingly evolved, aru^ a crust of magnesia formed on the surface of the metal, 
The former reduces some of the cuprous salt, the magnesia is hydrolyzed, the 
cuprous salt forming cuprous oxide and a basic cupric salt, «E. Divers showed 
that hydrogen does not reduce twin, of cupric salts, and it is necessary to postulate 
the existence of an active nascent hydrogen* The latter assumption ia unnecessary 
because rinc reduces chnfmic to chromoua sulphate with the evolution of hydrogen ; 
and with alum soln, also, zin* evolve* hydrogen, and precipitates a baric sulphate. 
It is therefore claimed that the first reaction is more probably that symbolized : 
Mg+2Cu80 4 - Cu li S0 1 -fMgSn 4 . #Jt. M. Ouvcn favours Divers’ interpretation that 
the hydrolysis of the cuprous sulphate is the source of the cuprous oxide and 
sulphuric acid: (fLi a H0 4 f-H a O=“Cu 3! 0-t’H i S0 4 ; this agrees with F. Forster's 
observation that the cuprous oxide formed during the electrolysis of cone. sola. of 
cupric sulphate is due to the formation and hydrolysis of cuprous sulphate. The 
small amount of metallic copper which is formed, is probably due to tho decomposi¬ 
tion of the cuprous sulphate : Cu^O*- (Ju-J CuSU 4p in the action of dil. sulphuric 
acid on cuprous oxide: <Jn a O-hH 2 RO + -- Il a 0+CV}-CuH0 4 . With hot noln, 
(1UU°) less copperas produced than with cold sat. aoln. The cop|>cr is mixed with 
cuprous oxide and imbedded in a mixture of magnesia and basic cupric sulphate. 
With eidd dil win., no free arid can he present because the formation of magnesia 
and basic cupric sulphate IS observed from the loginning of the ruction ; with 
cone. solo, hut or cold, the baric products first formed art redissolved by the sulphuric 
acid. C. Bruckner heated magnesium powder with solid cupric sulphate and 
observed os products of the reaction; copper, cuprous oxide, cupric suljihidfc, 
amt thiosulphate, sulphur, and sulphur dioxide. 

G* Wetzlar fouml that zinc precipitates copper from cupric salts even when they 
contain a large excess of acid; Mack copper contain muted with Kino is first pre- 
eipituted and afterwards red copper, because the precipitate, as it increases, falls 
away from the zinc, and forms a galvanic couple, which results iu the ziuc being 
dissolved. In boiling feebly acid sola., D M. Levy found the copper is quantitatively 
precipitated, better with zinc than with aluminium. A. Schmidt obtuinrd similar 
results with zinc and kg In. of cupric Halts as with magnesium. L. Meyer attributed 
the evolution of hydrogen during the reaction with neutral soln. to the formation 
of a copper-zinc couple. Hi; did not observe the formation of any cuprous oxide. 
T. Ijtiykauf sayd thnt much hydrogen is evolved when the reaction occurs at 90°, 
and soma cupric oxide is formed. From the uterk of K, II, Cuten^it is probable 
that the mechanism of thu reaction ia similar to that with magnesium, but with 
zinc a much smaller quantity of cuprous oxide is produced. A. J. J, van do Velde 
found that more zinc is dissolved than is eq. to the copper precipitated ; that the 
degree oi hydroh sis or ionization has no effect on the substitution of copper by 
zinc; and that chlorine ions accelerate the reduction while sulphate retams the 
action; A. J* J. van de Velde and 0. E. Waateels noted that alcohol and cane 
sugar decrease the speed of the reaction at the beginning 

The reaction has been investigated by N. N. Boketotf, J* C, Shengle and 
R F. Smith, J, H, Gladstone and A. Tribe, F* Myhus and 0. Fromm, J* J, Sud- 
borough, J. B. Senderens, etc* W, K. J* Scboor says cupric hydride is jueclpitated 
from acid soln. of the sulphate; L. Meyer and L. Sostegai,baric zinc sulphite; And 
R* M, Caven found that in hot soln. cuprous sulphate la formed* N. W. Fischer 
found cuprous chloride as well as copper ia precipitated from able, of cupric chloride. 
N. W, Fischer reduced an alcoholic soln. of ouprio nitrate with xino. A* Eastern 
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noted that with the salts with the strong acids, the pulverulent precipitate is chestnut- 
brown or black, while feebly alkaline salts— e<g, ammonium cupric sulphate—give 
a red coherent mass, 0 . Sackur did not get a precipitation of copper with aoln. of 
cupric cyanide or thiocyanate, and F. Rpitzer measured the differences of potential B 
between copper and soln. of cuprous cyanide with varying amount# 

potassium cyanide, and between zinc and bo In. of zinc potassium cyanide under 
similar conditions. The eoln, are all positive to the metal. It. Lorenz electrolyzed 
fused soln. of zinc and cupric chloride, and obtained as products zinc, copper, 
and cuprous chloride. N. W. Fischer, and H. Perhcux nave studied the action* 
of copper-zinc and siteer-zinc alloys; they do not reduce cupric salts. N. \V, Fisher, 
J. B. Senderens, and W. Odiing have studied the action of cadmium. The results 
are much the flame as with zinc. 

The reduction with zinc or cadmium is sometimes employed in the analysis of 
roln. of cupric salts. R. Bottger freed the precipitated copper from the more 
electropositive mete! by washing it with dil. sulphuric acid, then with water, and 
drying it bflow 75 g in air, or in a stream of hydrogen. Aluminium or iron have also 
been rcrommended, but these metals may contaminate' the precipitated copper with 
impurities which do not wash out so readily. 0 , N. Heidenroich 11 precipitated soln. 
of copper salts in dil. hydrochloric add with aluminium, and 0. E, Pcrkius found 
the re art inn to be quantitative in soln. acidified with sulphuric acid, and an excess 
of aluminium. A. ('ossa found the reaction with soln. of the chloride occurs 
immediately; it is slower with the acetate, and it begins immediately with soln. of 
the sulphate or nitrate only if some alkali chloride is present; # if the two last- 
named sain, are pure, the reaction is very slow. >1. B. Senderens and D. Tommasi 
noted the formation of hydrogen in the reduction and the formation of a boqjc salt. 
N. Tanigi studied cuprous sulphite soln B. Betlik obtained a film of copper on 
aluminium by* the action of the latter on a feebly acid soln, of cupric lartnte, 

G Gottig, F. Weil and J). M. Ijovy, jM, Liiusaigne and M, Leblanc, G Margot, 

G T, J. Oppermann, have studied the plating of aluminium with copper, 0, For- 
metiti and M. L^vi studied the action of aluminium on molten eupric salts an well 
as on their mj. soln, A G. Betts separated copper from the molten chloride bv 
means of aluminium. 

As previously indicated, the precipitation of copper from soln. of its salts by 
iron was known in the Middle Ages, and the reaction attracted the attention of 
T. Bergman, N r W. Kisrber, (J, Wctzlar, J. B, Scndcrens, and many others. l5i The 
reaction in many respects resembles that with zinc. With a cold soln. of cupric 
sulphate, J. Ii. Rcnderens fouzidthat hydrogen is evolved, hut R. M. Caven obtained 
no gas with tine iron wire containing an almost imperceptible trace of carbon. The 
residual copper always contained a trace of cuprous oxide, the soln. was distinqtly 
acid, and the iron in soln, was all in the ferrous condition. lTitnco it is inferred that 
the reaction is similar in type to that which occurs with zinc, and that consequently 
some cujfrous sqlphhte is formed and hydrolyzed. With hot soln. of cupric sulphate 
of all cone., hydrogen is evolved and the residue consists of cuprous oxide mixed 
with metallic ropper. In the first stage of tho latter reaction flecks of orange- 
coloured hydrated ferric oxide ore formed, but these dissolve in the acid fcud the 
soln, is reduced to the ferrous state. 

G, Wetzlar, J. L. Laes&igtyc, D, W. Feck, and P, lfarting noticed that copper 
precipitated from neutral eoln, may be contaminated with iron ; R. M, Caven found 
a little cuprous oxide and sulphate are formed in cold dil. soln., and no hydrogen is 
evolved if the iron ia well purified. According to J, L. Lassaignc, a soln. of cuprio 
sulphate with one part of copper in 26,000 parte of aolu. gives a red deposit on iron 
in 3 hrs., bp£ with one pfert oi copper in 50,000 to 1 00,1 MXJ parte of soln,»no coloration 
can be detected. C, Paul ijbtamed a precipitate from ammoniacal cupric aalte, 

N. W, Fischer found tbit wfth cupric chloride soln., both cuprous chloride and 
copper are precipitated* and G. Wetelar noted that alcoholic soln. are also reduced. 

X. Landerer obtained crystals of copper by foiling steel with a soln. of cupric 
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oUoride acidified with hydiwhlorrc acid. C. PM and J. B. Sendfliens Btudifld the 
Action of iron on solo, of cupric nitrate and ai-ctatc. G- Wetzlar noted that at 
100 s copper u rapidly and ?ompktely precipitated from solo, of the acetate; 
* according to G. Wetzlar, am mo mum cupric oxalate gives a compact precipitate if 
fit be excluded, but if air Us present, the^precipitation is retarded j and 0* Gaudoirt 
studied the, precipitation of copper from soln. of potassium cupric oxalate; 
G. Wetelar obtained what ho railed an alloy (mixture ?) of copper and iron by placing 
iron in a soln, of cupric tprtrate; and b\ Kciss obtained no reduction with potassium 
cupric tartrate soln. ft, Wet/lar, and N. W. Fischer found that passive iron does 
not precipitate copper from sofn. of the cupric salts. The prcienco of a little fliim 
nitrate was found to make the iron passive, but, according te W. HeJdt, iron mado 
passive with nitric acid of sp. gr. T4iM'o4 5 or with platinum in an acid of sp, gr, 

I '4, precipjt&tffS copper W/. W. HchJt &ho found if the surface of the iron h&s a 
him of mercurous nitrate, carbon, or magnetic oxide of iron, its activity is retarded. 

F. Wohler obtained no precipitation by treating cupric salts with meteoric iron* 

0, C. Farrington studied the precipitation with nickel-iron alloys. I. Remsen 
noticed that copper wan deposited on a plate of iron, Lying between the poles of a 
magnet, in such a way that the precipitate fori ns in lines perpendicular to the lines 
of magnetic force, (i J. JJescharme, F. A. Wolff, and K Colardcnu also studied the 
effect of a magnetic held on the precipitation, and P. A. M. Janet says that possibly 
less beat is developed during the precipitation if the iron be magnetized. F. Giolitti 
studied the ctehing of polished steel with cupric sulphate solm 

According to Al. ic Blanc and M. G + Levi, 18 nickel does not precipitate any copper 
from a 2 per cenl. soln. of euprjc sulphate in flO hr*., but with a 2 per cent. soln* of 
cupric, chloride some nickel posses into soto., and cuprous chloride is formed, 

J, B, Scndorens made a similar observation with respect to the chloride. According 
to W. I). Bancroft,“ copper does not precipitate nickel to any appjedable extent 
when immersed hi a copper sulphate soln. The nickel becomes passive, and is 
probably covered with a thin film of oxide.' 1 E. Gunther obtained a deposition of 
copper from an acid sain, of cupric sulphate and finely divided copper rcdifced by 
hydrogen. W. Fischer found that if a copper-nickel alloy Lie treated with an 
excess of nitric acid, the umiisaolved portion remains covered with a film of copper, 

J. B. Scndmms found that cobalt, unlike nickel, readily reduces soln. of cupric 
salts; 0. Prclinger, that powdered and purified manganese separates copper from 
aq. soln. of ite suite; and A. C. Chapman, that palladium reduces cupric suite to the 
cuproUH state, and with a prolonged action, to copper. According to JK. F. Smith, 
copper m also precipitated by molybdenum and by tungsten ; and C. Zimmermann 
also noted the reducing action of uranium, 

F. Wohler w and W. Wicke obtained cry stain of metallic copper mixed with cop¬ 
per phosphides by allowing stick* of phosphorus to stand some months in contact 
with copper wires mirier a soln. of copper sulphate. This reaction was studied 
by L. F. Boeck in 1WH, A. Vogel noted that the cupric salt solh. is completely de- 
rotomed in & lew days. According to U. Bottger, cupper is first precipitated 
from boding soln. of mipric sulphate, ami afterwards transformed into phosphide. 

M. Sidnfc noted that when the copper is nearly all precipitated, hydrogen begins to 
appear* possibly from the decomposition of phosphine formed in the reaction—* 
W. Straub tried to follow the mechanism of the reaction, A stick of yellow phos¬ 
phorus becomes black when immersed in a soln. of cupric sulphate. The black 
deposit is copper phosphide, and when removed from^the soln. it does not reset 
with atfn. oxygen* The block coating is covered by a red film owing to the de¬ 
position of copper, and this continues so long ae the copper and phosphorus are 
present. As the reaction proceeds, the phosphoric acid m*soln. increMra, There 
is a constant relationship between the quantity of^pbqgphorua which posses into 
soln, and the amount of reduced metal, provided oxygen ^rigorously excluded and 
the reaction is not carried to an end. At the point whore tbs reaction is just com¬ 
plete, the soln, contains sulphuric acid and phosphoric acid in the proportion 



COPPER 


19 


1 1 : 0*B, and consequently one molecule of phosphorus separates two molecules of 
: copper from the copper sulphate sola.; the oxygen ^rhich oxidises the phosphorus 
must come from the water because the amount of sulphuric acid undergoes no ( 
diminution. The reduced copper is not acted on by the sulphuric acid, but is 
oxidised by the atm, oxygen, and the co^er oxide dissolves to form copper pho£ 
pbate, which is then reduced to phosphide. The dark film on the phosphorus ia 
produced in a soln, containing only one mol of crystallised copper sulphate in 
100,000 litres of water, and at a dilution 10 times aa greatf, the him is produced in 
the course of two months, * 

M. Eohn 15 found that when Febiiug^soln., etc, are heated in waled tubes alkaline 
soln. of copper aalte* they are rapidly reduced by antimony, arsenic, or bismuth, 
C. Strzysowsky found Fehling’s soln. (p.) is reduced at W) a b y WWilio* and 
according to M. H. Dcscampa an arsenide is formed. tfelding’s soln. is not reduced 
under similar conditions by Antimony, and J. B, Soudcrens found that antimony 
has virtually no action, although it becomes covered with an unweighably thin film 
of the metal which acquires an indigo blue roJowr by oxidation, N. W, Fischer and 
J. B, Sendcreua found a boiling aoln. of cupric nitrate to bo imperfectly reduced 
by bismuth I cuprnu* chloride and bismuth oxychloride are formed, H. Pfohenx 
studied the action of bismuth-aluminium alloys. G. Wetzlar 18 found that tin 
precipitates copper from the chloride, nitrate, and sulphate, but not from the 
acetate. N. W. Frweher noted that with the nitrate, some stannic oxide is formed, 

J. B. Scndcrens aays that this precipitation from cone. soln. of cupric chloride is 
slow but complete, and that some stimnoua hydroxy chloride, ftn(0ff)Cl, ia formed. 
G + WoteUr noted that lead precipitates copper from soln. of the sulphate; J, B. 
Sendcrens from soln, of the acetate; dil. soln. of the chloride; but not freftn the 
nitrate. N, W. Fischer said that copper is slightly precipitated from nitrate soln., 
and ho studied*the precipitation by the addition of alloys of silver and tin or lead. 
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§ i The Extraction of Copper 

Goiter is r.Ujfli t^l froip) its orvs hy pyrti-. rlud.ro-, or liydrn-mditllurnirHi 
I>ro{;o6i3?fl. The actual nifdlioil dcjirmU m[^ji t.ljir cJmmdi'r of thu on 1 , 

and upon tin* Iota! conditions--ctjHt «f Inlmur, fuel, refradory matf-rialn, transit, 
dc, Thrw (^(‘duum an^ in .s|H!t-iul houtirt. 1 if ttar uru contains no 

safpliur -as is 1 lie caev‘ with the carbonati^ and oxide* tins mutal can be SbUim;d 
by simply redudiii; the ore* mixed with nuitubk iJuxeaand cuke, in n- furna^i HcaW 
by a blast. The smelting ufdhe oxidized urcs iiiniijibrw a metal, railed bkwk mppcf, 
which contains iron arid other impurities which have to b<? removed by rohnin^. 
Hijfh grade jtn<l medium j^-ade on b s ore smelted because th<5 coat o£ this operation 
is lew the richer the ore ; hut with low grade ores, a largo proportion of ganguo has 
to be converted into slag. Low grade ores, cupper mattes,j*nd containing 

the nobhynetals, mayl?c leached by solvents which Ujfe HJ*« moqjtthauoriie ropjier 
into eoln. Electrolytic prowesses are used with mafte&aJid wi® 
gold or silver, Assuttihig that the ore to be ainehetfi a typirJti JEalcopyl^j, Uie 
opuratioiw involved m extracting the eopjier ara|aomewhatd^ f i l plfi^h ,5ca i lwJ 0M 
large number of impuritiea a» preset in the^p; (2) copper of'a^Sfeh degree AC 
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purity k needed ; and (3) it will probably lie profitable to recover gold and silver 
from the crude motel. 

Thf ocmoentratkm of gm»—I n many casts, the native ore ifl not rich enough 
• to be imeited profitably for the metal, and in other cases, the smelting may be 
mom lerouflwativc if a certain proportion of the gangtie be amoved hi order to 
avoid the expense of passing waste or barren rock through the furnaces. The 
proportion of waste rock—gangue or tailings—in copper ore generally exceeds the 
valuable portion—the cvncentTate and the process of epfiarating the concentrate 
dram the g&ngue is called concentration* The more important concentration 
processes—not necessarily all adapted for the treatment eft copper ores—arc : 

(1) Hot id picking. This is one of the simplest types of concentration. The rough 
ora is separated into vulijable and waste by sorting. The operation may be practiced 
to some extent in the mine itself to avoid wilding valueless rook to the surface, 

(2) Water coneentratiw, Tlfc ore is crushed with water, and the product or pulp is 

subjected to a shaking, throwing, and flowing motion in suitable machines whereby 
the gangue, on amount of its lower sp. gr., is diverted from the denser ore* One 
form of the apparatus in which water concentration is performed is called a jiff, ami 
the operation is called jitfffiwf. The concentration of material too fine for the jig 
is performed in other types of machine---concentrating tables, varniers, etc. So 
machine can separate barren rock rumplutaly. On account of the small difference 
in the sp, gr. of the iron and copper pyrites, it is not practicable to concentrate 
copper ores by water concentration to the same extent as is feasible, say, with lead 
or tin ores. (5) t Magnetic septifutum* Hern a stream of the powdered or roasted 
ore ia allowed to fall in a stream past a magnetic field of high intensity. The 
particles which are mom Mcnnitivc to the magnetic influence are deflected from the 
main stream, so uh to form two streams--one contains the concentrates, and the 
other the tailings to be rejected. The process has been specially treated by 
C. G. Gunther, and 1). Korda.- (4) lifedroslalic wparatum. Here a stream of the 
powdered or roasted ore is exposed to an electrostatic field. Good conductors— 
the metal sulphides, magnetite, luenmtite, oto. - are scjnmited from poorer conductors 
—silicatea, carbonates, zinc blende, etc.- by electric repulsion. The process has 
been specially treated by U Korda. (5) Flnttuimt. Tim selective adhesion of oils 
for certain minerals is here Utilized. Certain minerals, when ground with oil and 
water, become coated with oils under conditions where other minerals (usually 
g&ngue) remain unaffected. The Hclctivc action is in some cattes materially in¬ 
creased by the hhi- of an ucid or other substam e. When the froth or pulp of crushed 
ore, oil and water is exposed to a current of water, the uncoated gangue sinks through 
the surface of the water mid settles rapidly ns tailings, while the oiled minerals float 
on the water and are collected as concentrates quite independently of the fact that 
the latter have the greater sp. gr. The flotation process is largely employed for the 
cooo. of copper sulphide ores. 3 The theory of the. process is discussed by W* H. Cog- 
hill and C, 0. Andersou. * * 

Routi n g sulphide ows,— The sulphur and iron in pyritic or sulphide ores arc 
oxidized by roasting, hut mdficicnfc sulphur is left still combined with the copper and 
iron to^onu subsequently what is called a watte, and sufficient silica must also be 
present to unite with the iron oxide to form a fusible ferrous silicate slag. In 
roasting a mixed copper iron sulphide, the copper sulphide oxidizes less rapidly 
than the iron sulphide; such is the difference that if a mixture of the two sulphides 
be heated in uh, it is commonly stated that “ the copper sulphide is not attacked 
until all the iron sulphide is oxidized.” The reaction in the extreme case is repre* 
Mntod ; SCuFeSj-l-COi—Cu^O-l-FeaOt+iSO!. It may or may not be convenient 
to use the by-product sulphur dioxide for the manufacture of Bulphuric^id. The 
object of roosting is therefore to oxidize iron and cqppep sulphides, aud to remove 
a* much of the volatile imparities, like arsenic, antimony, spa bismuth, as possible. 
In practice, the crushed ore is roasted in stacks or heaps, in stalls, in kilns, on grids, 
in muffle*, in reverberatory furnaces, in ^evolving cylinders, or in automatic 
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■everberatory calciners, F, le Play'* analyses of samples of the raw and 


toasted ore are: 
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Smelting the roasted ore for copper matte, -Then; are throe method** in 
general practice for the smelting of copper ores to furnish copper matte : (I) Re-* 
verberatory rfH/efrfwjr/m wiiich the sulphide ores arc treated ; (3) Blast furnace 
smelting, in which any cliias of oa* is heated with carbonaceous fuel in a 
reducing atm.; and ( 3 ) Pyrttic smelt ing t in which sulphide ores an- heated alone 
or with a small amount - eav 5 per cent — of LurljonueitoUH Aid in un oxidizing atm. 
The partially roasted ores or a mixture of roasted and touro.LHted oA‘, is heated in a 
reverberatory furnace, or m a blast furnace lim'd with tirehrickw “the former is 
sometimes called the English or the Swansea process, the latter the American or 
pyrite smelting pmcim The blast furnace for smelting copper sulphide ore is 
usually water-jacketed for cooling the fumme walls (Pig, 3). 

The blast furnace may be used for Adducing the roasted ore, 
2Cu0-fC--2(,'u+C0 2 * etc,, or it may be used fur oxidixing pyritic 
ore in which the heat necessary for the reaction is derived from 
the oxidation of the pyTitle ore. The blast furnace is preferred 
for the smelting of rough ore, and the rcYerlk'ratorv furnace 9 
for finea and concentrates.* The ore probably contains some 
siliceous materials; if not, some mud bo introduced into the 
furnace in order that a fusible slag may be formed. The 
air burns the carbon to carbon monoxide: dO+f) 2 -3CO, Part 
of the cuprous oxide, formed in the roasting, is reduced to 
copper^ by the joint effect of the carbon and carbon monoxide : 

Cu 2 OH-(XI- S^uH-COjj— the copper oxide is much more readily 
reduced than iron oxide. The metallic copper reacts with the 
sulphides in the ore: 3fJuH-Fe 2 S 3 *3CuS+*.i.Ko; Home of the 
unreduced cuprous oxide forms cuprous sulphide : SCu^O | Fe^i 
=3Cu li 94’Fc 3 Q 3 ; and some cuprous sulphide and cuprous oxide 
react to form metallic copper and sulphur dioxide t Ou a S-|-:i(hi a O 
—t>CV|-SG 2 —a curious reaction which is a kind of nrlf-rMudUtti. 

According to F. 0. Doeltz and C, A. Uraumaun* the velocity Kl|J cupola 
of the reactinn increases with rise of temp. T, such that if W Pumam 
denotes the weight of the sulphur dioxide which ia evolved* 
log W =34 X 111" The reaction is v irtually complete at lot Ml a , Metallic copper 

also mav react with iron sulphide as just described. Any cupric sulphide present 
is reduced to cuprous sulphide. The result of the smelting for matte is (i) The 
transformation of the copper into cuprous sulphide ; (ii) The formation of a fusible 
slag by the union of the iron oxide with the silica ; and (in) The reduction of forrio 
sulphide to ferrous sulphide which remains in soln, with the cuprous tuilphido to 
form the matte itself. The lighter slag in the furnace rises to the surface and is run 
into a pit; the matte collecting at the bottom of the furnace is drawn off from time 
to time. 

In the so-called pyrilunMnelting, the roasting and smelting of the sulphide ores 
for matte are conducted in one operation, The high temp, required is derived 
from the rapid oxidation of sulphur and iron in the blast furnace. Attempts have 
been ma^ to apply \kdr<htkermic tmdling of copper ores containing too little 
sulphur to enable them 4 o v l£ pyritically smelted* and jwhich require the use of 
carbonaceous fuel to £%eUitat£ fusion. Electro-smelting could be applied profitably 
only where'fuel is Gxpens^jra and electric power cheap. Several experimental 
plants have given promising results. f 
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HftttG OT ngulm. -A matte or Tegulu* is au artificial metal sulphide, or a con¬ 
glomerate of several metal sulphides; it is formed as an intermediate product in 
the smelting of copper, nickel, or lead ores. Copper matte is a more or less impure 
mixture of cuprous and ferrous sulphides containing the eq, of 30-75 per cent, of 
Ripper ; 13-10 per cent, of iron ; * and *19-35 per cent, of sulphur. * F, 1c Play a 
analysis of ^sample of rcgulm*, matte, or coarse metal in : 


M, IV, Hn. 
* I 0 


slsg. 

I 'I per Cent, 


The impurities or minor constituents of copper matte are arsenic, antimony, bismuth, 
manganese, nickel, cobalt, zinc, lead, iselcnium, tellurium, gold, and silver. Matte is 
t an excellent solvent for the precious 

X metals, so that auriferous or argentiferous 

/ * copper ores containing loss than 3 per 

/ \ cent, of copper may be profitably smelted 

,i / i \ and the precious metals recovered* 

/ ' \ According to A. Baykotf and N, 

■■ -^i , t \ Troutncff," the relations between the 

jo( primary constituents of copper matte 

/_ aTU re l»W“ nted diametrically in Fig, 3. 

ft r Cv The area 1 represents dissociated mixtures 

Fin. 3,- Triangular Hiii^rum far TTimry « f ™(f™ s anti fc ™“ s sulphides; the 
Mixtures of Oi^iK'r, froi], uml Sulphur. area II represents solid soln. of the two 

aulphidrc*; thy area IF represents a matte 
with iron ami copper insoln.; and area III, a eutectic mixture of the matte character' 
iafcio of area II, and of tire solid soln. of area IV. 
rja j — - -r —p-i The f p curve of mixtures of cupraus and ferrous 

S /jioJ * sulphides is shown in Fig. 4. I\ Rontgcn 7 ob- 

* ; tained a curve with maximal points corresponding 

: f j with the double sulphides Cu^H: FoS- -3:3 melting 

^ \L/[ i j at about W8fl° ; 1:1 melting at about 103,5°; and 

wj .yf I ! 3 : 5 melting at about 105U y ; while H. 0. Hof man 

tb % % 3? *%-'Sri found no evidence of the formation of definite 

Fja. 4.-Fr*iMm K Uurvn uf Mm- ^wipounclft* but ratber obtained a eutectic mix- 
tureM id Komuirf juid L'upruua with ^ P« cent. uf ferrous sulphide and 

Sulphide*. 1,5 per cent, of cuprous sulphide, melting atS5Q° F 

The freezing curve of a mixture of iron with 
ferrous sulphide furnishes a eutectic melting at 983^, as illustrated in Fig, 5; 8 


Fim 3,- Triangular 1) lucrum for IVrmiiy 
Mixtures of Ci?p|H h r, fron, ileuI Sulphur. 





FiO/ft. --Freezing Curve q( Mixtures Fro. ft.—Framing Curve of Mivfuroa 
of Iron ami Fcrr^ua Sulphide, of CopiAr^and Cuprous Sulphide. 

* W 

while a mixture of cupper with copper sulphide furnishes a freezing cuwe like that 
shown in Fig. 6,* There is a quick rjso in the f.p. with additions of cuprous sulphide 
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until a mixture melting at llU2 p is obtained ; a further addition of cuprous sulphide 
produces no further rise of temp, until the mixture contains nearly 8G per ocnt. of 
cuprous sulphide, when any further addition produces a rise in the f.p* until 1127° 
—the bp. of pure cuprous sulphide. Spoiso is an artificial arsenide or conglo • 
merato of araenides which is related to a ginttc.in that arsenic and some untrniunjf 
replace some of the sulphur. The arsenic 1 and antimony are usually eliminated 
by a series of oxidizing roasts and reducing fusions. 

The conversion of matte into blister copper in the tpverberatory furnace. - 
The matto is converted into metallic copper bv roasting and further smelting cither* 
m a {i) reverberatorv*furna( e—W/if/i r fottsthnj or nta&trr fimattiiuf, or (ii) in a converter 
—bfSJCi neritivtf. The richer mattes With tajm 87'5 of Cu a S ami 125 of Fefl to JLHI 
per cent. Cu.S. are called p rtutr Mini, l 1 '. le I’lay’s analysis of white mctnl is: 

CiL Fi i s.n, \t, t-tc s t slnu 

77U l 7 n I 2l r U 0 r !l p<r mit 

When the conversion is effected in a reverberatory furnace, Fig. 7, the lumps ci£ 
matte on the hearth of the furnace are slowly oxidized, and the oxidation is con¬ 
tinued until the sulphur is nearly 
all removed, and a bath of rnc- 
f allic copper, sat. with more or 
less cuprous oxide and sulphide, 
remains. The reactions are sup 
posed to be those reprosen ted 
bv 1-lie eipiatKms ■ (h 

2Cu -f- SO.; and ^L’u.s' j 30* 

— 2Cu^O \ isth; The copper 
oxide and sulphide react to form 
metallic copper and sulphur di- 
oxidc 3>2 CiliO -l-Cu^S SO;* f-GCu 
The metal is <'ailed txxtrsr cuppur 
or blistrr aijifur, from the blister 
produced on its upper surface by tin 1 escape of sulphur dioxide during solidifi¬ 
cation The blister copper cunlaius iron, sulphur, arsenic, etc., as impurities. 
F. le Play s analysis of blister copper is . 

Cu, t’p N|, 1 '£], i.'Th ■ Su, j\>i h ^ O' S 

U8-4 U 7 U'll 0 4 uj jjer cent. 

The copper can be further refined by an oxidizing fusion follnwed by a reducing 
fusion Id a reverberatory furnace, or it can bn refined electro]ytied]y. 

The conversion of matto into blister copper in the converter* Much of llm 
copper jftodueed ti-day is made in a modified form of Bessemer "a converter, Kjg. H. 
The matte is bessi’merited by blowing air through tEie molten metal eonUmed in a 
converter analogous to that employed in the manufacture of sti'cl. The converter 
may be lined with siliceous material mtd <‘mv*rUf or with iimiriieHifr; j fat sit: 
converter* 

In I860, A. Rath patents} a process of oxidizing the iron and sulphur in matte 
by blowing air through the molten mass ; m J8G7, A. vim -fossa and N, Latetin 
reported that white metal (72-80 per cent Cu) was made in u converter, but bbstor 
copper could not be produced. The process of oxidizing copper matte to metallic 
copper in a Bessemer's converter wad patented by J, Holloway ]tl in JH7K, and 
between ^80 and 188£ P. Manhfea established tlie technical and commercial huocckh 
of the process for the treatipiyit of copper mattes. In bfsenmcrizmg pig iron, the 
oxidation of the 6 to 7 per cett. of impurity generates enough heat to Wp the iron 
molten, and*the oxid&Son of a much larger proportion of impurity in the case of 
copper furnishes an ample amount of heat to keep the charge molten, but a more 




26 


INORGANIC AND THEORETICAL CHEMISTRY 


voluminous stag results, The time occupied by the copper 11 Wow ” ia fiw to 
fifteen times os lung os is needed for steel j with steel, too, the iron itself is oxidized 
towards the end of the blow, Sut fchia is not the csss with copper, and accordingly, 
molten copper is only chilled by the blast* In consequence, P. Manlfes placed the 
Iwyfclw in the copper converter, not afcihe bottom, as is the case Wth iron, but 
laterally at some distance from the bottom above the pool of molten metal which 
accumulates at the bottom of the converter. Matte converters are side blown, and 
not bottom blown as is tjie case of large steel converters. Tho tuyhres arc directed 
Lelow the surface of the matte in a position where, if choked, they cun be easily 
*' punched ” dear by the attendant. In tho converter, the irolf sulphide is oxidized 
to iron oxide, and this unite* with the silica present to form a slag; the sulphur is 
oxidized to sulphur dioxide. The operator t an tell from tlie appearance of the 
dame issuing from the converter when it is time to stop the blast. The converter 
is tilted and the slag run off; white metal remains. The white metal formed in 
the first stage of the proem is further oxidized, and the cuprous oxide and sulphide 
react aa in the reverberatory furnace process. The product obtained from the 
second blow in the converter is the so-called blister copper containing about 99 per 
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rent, of copjier, As tin- cupper cnol.n, tile sulphur dioxide dissolved by the metal is 
liberated and the resulting blister* give the topper its characteristic appearance* 
The copper is then refined on the hearth of a ruverljuratoiy furnace and poled as 
indicated provioutdy, 

Refirtng copper by fusion in tho reverberatory fnmace.-The metal to bo 
refined is first heated on the heurth of a reverberatory furnace in an oxidizing atm. 
— tho oxidhmjjiatitm- ami the mult ml ntctfd agitated to assist tlie oxidation of the 
iron, lead, etc. The impurities furm a slug with the siliceous matters of the lining 
of the furnace*, etc. Tne cuprous oxide simultnjiwusly formed dissolves in the 
copper Atari facilitates thtt oxidation of the dissolved cuprous sulphide and ensures 
that the other impurities are converted into oxideg ; tlie cuprous oxide also reduces 
the tendency of the metal to dissolve pascs. and generally improves the quality 
of the metal. Tlie refiner tries to make a metal, called dry copper, containing 
0 to $ per cent, of cuprous oxide. The slag is skimmed ifff. Refinery slag contains 
from 20 to 50 per cent, of tapper as silicate, and it is mixed with the charge for the 
furnace in an earlier stage of the smelting. If much arsenic or antimony ia to be 
romoyed, caustic soda and lime are repeatedly added tod-arda the ejtf of the 
oxidizing fusion, and continued until a sample of the mptal shows that the purifica¬ 
tion has gone far enough. * 

The molten metal is now subjected to a reducing fusion.* The siiHaoe of the 
metll ia covered with charcoal or anthracite, apd a pole of green wood ia introduced 
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below the surface of the molten metal. Vigorous ebullition occur* owing to the 
evolution of gas from the wood, and sulphur dioxide is also liberated. When the 
reduction ha* proceeded far enough, the metal ia called tough pitch copper, and it 
contains up to about one per cent, of cuprou* oxide in aoln. W. Stahl 11 gives the , 
following acajyae* of the refining of blister copper at Mansfcld: > 
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A test bar of tough pitch t opper can be bent through 18if without cracking, and 
when broken, the fractured surface is salinon~rcd in colour, with a fibrous texture, 
and silky lustre. During the operation, sample* are rdhiovcd at interval* from the 
furnace so that the progress of the operation can l>e determined ; the man in charge 
ban learned to judge thia from the appearance of the sample. Overtoil'd rapper is 
brittle, and it inunt be oxidized back to dry copper either by flapping that is, by 
vigorously striking the surface of the molten metal with an iron rabble so that the 
metal is splashed about- nr else by forcing comprised air on or beneath the surface 
of the molten metal. The re-oxidized metal is then re-poll'd. Under-poled copper 
is brittle, and the fractured surface is brick-red in colour. 

Refining copper by electrolysis* - A great deal of the copper in commerce-- at 
least a third, perhaps one half—passes through an electrolytic rofiuyig proeosa. The 
metal refined in the furnace is not pure enough for many commercial purposes fur 
it contain* base metal impurities which in ter fere with its electrical conductivity-— 
c.g. arsenic and antimony- -or which make the metal brittle c.y. lead and tellurium 
— the metal may also contain some gold and silver which can br profitably extracted. 
M. von Leuchtenberg proved in 1817 that impure cupper can he refined ideetro- 
lyticaljy, and J. B. Klkington 12 applied the process successfully on a large scale in 
ItJfiO, at Pcmbrey (Wales). The mudern process is descried in L, Addicts' Copper 
Refining (New York, 1021). The metal lo !*■ refined blister copper, or copper 
from the refining furnace—is east into plates -say 3li ins. sip. and 2 or 3 ill*, 
thick. These plates are provided with luga, and used as anodes with flheel-a of 
refined copper a* cathodes or “starting sheets.” The electrolyte ia a noln, con¬ 
taining 12 to) 14 percent, of copper sulphate with Jj to III per cent, of sulphuric acid. 
In the so-called multiple or parallel xy$Uut, the cathode* are all connected with one 
pole of the circuit, so also all the anodes are connected with the other polo ; in the 
so-called sene* system the anode* and cathodes are connected in pairs. The electro¬ 
lyzing vats are wooden tanks, lead-lined, hi some cases, 2U or 3(J anodes about 
ins. apart, and with the same number of intermediate cathode plates, form a 
working unit. During the electrolysis, the electrolyte is agitated, say, by arranging 
the vats in terraces so that the outflow from the vat on the top row passes into that 
in the next row below, and an on until finally the outflow runs into a well whence 
it i* pumped into the distributing box, to pa*a again in a cascade through the 
electrolysis vats. During the electrolysis, with a current between 4 and lOtmprres 
per sq. ft. and OT to 03 volt*, the copper is continuously dissolved from the anode, 
and re-deposited in a purified condition on tho cathode sheet. The zinc, iron, 
nickel, and cobalt accumulate in the sola., but are not deposited on the cathode j 
part of the arsenic, antimony, bismuth, and tin is also deposited, and part remains 
in soln.; while the copper sulphide, gold, silver, tellurium, and most other impurities 
remain nndissolved, and fall a* anode mud or anode slime at the bottom of the 
electrolysing vat. 

It is stated that the anode* *iud contains from 15 to 55 per cent, of copper ; 5 to 50, 
silver; 0 02 to 0'70, gold - ; 0'5 to ft'O, load ; 2 to K, antimony ; J '5 to 0, arsenic i U'2 to 
B'Q, bismuth ; 0'3 to 1%, iron i O'I to 2-5, selenium ; 01 to 3'5 r tellurium ; end 0'5 to 12 
per oaat. of SO* The mud is screened to separata particles of copper which have fallen 
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from the anodes, and the shine may bo f/J fused on a dolotmtic ?lny iwd in a rdvefberatoiy 
furnace; the slag removed and the resulting nafaf cvnjjeJlod for silver and gold; or (2) tho 
dried dime may be uxidi/ud aj*j .-Purified on the lead hath of a cupelling furnace; or 
(3) Joochfid with sulphuric; arid ami afterwards fugl'd with nitre m a reverlwralory furnace ; 
• or (4) the slime may ho nxwLwl, pulverized, leached with sulphuric fteid, anti afterwards 
fjwod in a reverberatory f (mince with,nil re as a flux- Tim nitre slag may* con turn up to 
OT j>er taut, tellurium. The silver alloy is afterwards parted to recover the gold. 

Thu more important main and secondary reactions which occur at the cathode 
during electrolysis may yow be indicated. 111 When copper electrode* are dipped in 
a soln, of copper sulphate or copper chloride, way the hitter, the reaction symbolized : 
Cuf1 2 H-Cu = 20uCl, take* plum. Thus, if an acid sola- of cupfic sulphate bo boiled 
with powdered copper, metallic t opper will bo deposited from the filtered solm on 
cooling- presumably owing to the regulation of the cuprous sulphate. Tim 
equilibrium constant iC at room temp, is A'[UuCl 2 ]--[L L uCi]- p where the bracketed 
symbol* represent the rune,* of tins Milts in question. When a current is passing 
through u hoIu-j the possible cathodic reaction* are therefore 2CuCI 2 =jjC(dJld C!l 2 ; 
HthiCL 2( H u y(!L; and ld-u}X'L Thu relative magnitudes of these 

different reaction* i* do tern lined by (I) the temp.; {2} tho current density. A low 
current density favours fhe nxhhdion and hydrolysis of the cuprous salt, aud allow* 
time for the reaction to occur. If the current density t*e too high, the precipitated 
copper will have a npungey appearance : 
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[3) The nine, uf the soln. If the cmic. cd the cupper salt in snln. be high, a corre¬ 
spondingly large cone, of the cuprous salt imint be maintained U> satisfy tbe equili¬ 
brium constant. With normal sulphuric acid solm, and a current density of 
U13& amp. per sq. an.; 
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H) presence uf dissolved uwgeu ; and (n) the acidity or colic. of the H -ions. 
A high rone, of the acid Ik favourable to the oxidation of cuprous chloride, and a 
low acid cotie, favours Indrelysis and the consequent precipitation of cuprous 
oxide. According to A Sicvert* ami W. Wippelmann, 14 copper deposited electro- 
lytu'rtlly from ilcid soln. of the sulphide is crystalline ; neutral soln. give a mixture of 
eupmu* oxide and crystallites of cupper ; and alkaline soln.. a mixture of complex 
copper salts give structureless (colloidal) (.tipper. With d^/V-CuSC*, and a current 
density tf liTi amp, ]ier sq cm, : 
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If the rone, of the cuprous salt at the cathode falls below the equilibrium value, the 
yield of precipitated copper per unit quantity of electricity during electrolysis will 
be low. This may occur owing to (i) a rise of tamp, which favours the formation 
of cuprous chloride and increases the value of t\ ; (ii) the hydrolysis of cuprous . 
chloride : CuCl | ILCU-Cu(OH) f-HCl, which hwls to the precipitation of cuprouf 
osirle ; and (iii) the oxidation of cuprous chloride hack to cupric chloride hy the 
dissolved atm. oxygen : JCuCl-f 4HC 1 !-} 0 2 SJH.jO-l -iCuOL. Although eop|XT is de¬ 
posited as a bivalent clement in accord with Fnrod&v s law—two farads of electricity 
transform ime cq, of bivalent copper Cu" to the metallic state yet the actual 
cathodic yield of the*metal may appear to fall below' the theoretical requirement. 
The nliovc discussion shows the conditions which favour high yields; (1) Low 
tamp. ; (2) Fairly high current densitv ; (Ji) Moderately rone, snln, of the cupric 
salt- (4) Absence of oxulming agents ; (’i) Fairly high and rune. These favourable 
conditions arc also necessary for the successful working of a copper voltameter, 
lb (Iridic and oo-workers have made a met allograph ir study of electro ole posited 
copper. 

Attempts to use copper ore or cupper malic as anode in an acidulated wdn. of 
copper snip hut e, with sheet cupper as cathode, have not been very successful rmm 
mere tally ; although the electrolysis of soln. with anodes of copper mat.tas con 
taming lit lie more than cuprous sulphide, have given very fuir result* erf. in 
K. Marehcsv's process 1:1 an electrolyte containing copper and ferrous snlplmley and 
dil. sulphuric acid is used with anodes of copper iron math*. 

Hydrometallurgical or wet processes for extracting copper p lrom it* ores, 

A comparatively small proportion of the world s output of copper is extrac ted from 
11 h on s hv leaching the ore t0 with suitable solvents dll. sulphuric, hydr^eldoriK 
or sulphurous and, 17 ferric sulphate, ferrous chloride, ferric chloride, 111 cupmun 
chloride, 1 ® anvnrmia or its salts- 11 and subscquentlv precipitating the metal hy 
iron, ferrous sulphide, hvdmgcii sulphide, sulphur dioxide, sodium or calcium 
IKjIysqJphidc, huic water, or U\ eh-ct-rub sk. 'Hie inure important hydrometid- 
lurgical process's can be r Isissdicd as: 

/, Cfinttiful piHfrsto'n. --The (upper is dissolved and preci pita led by 
chemical agents involving ( 1 ) Alkali protests (e y, Furlong with anmioniacal 
poln .) ; (2J Sulphate processes (ctj. the Rio Tintu process}; (:i) Sulphite, 

process (r 7 . -T. M. Neil's); (4) (-blonde processes {r 7 . V. Ihitschs, O. FroJirh's, 
T, Hunt amid. Douglas', and \V. Luiigmaid ami W. Henderson's processes), 
11. Efcrfrttlyftt f}rov(\:!t('8>- ... is dissolved 1 licmically and precipi¬ 

tated elect roly tically, The elect rolysiH is usiiallv :n cumpanied by the regenera¬ 
tion of the solvent, Tliew 1 processes unhide tin 3 so-railed (i) SulpFiule pro- 
cesses (e q. ii. W, von Siemens and ,1 D I lalske process) ; (2) (Tiloride processes 
(c.y, V. ] Lip filer's process). 

The wel processes nuiv he profit ahlv used m some easi s when the proportion of 
copper, or the previous metals -gold and >d\vr in the urn is nut audit Frit to pay 
for bringing fuel and fluxes to the mine, ur taking the mined urn to a locality when' 
fuel and fluxes are cheaper. The wet prun sse* are applicable to low gradtj ores 
with finely disseminated copper minorul* and n ganjiii which in not attacked by 
the solvent, As a rule, the, wet processes do not recover the preejous metals owing 
to the insolubility of thc<* elements m ordmarv solvent*. With the, poorer onm, 
the commercial success of a copper extracting proposition may be determined by 
the possibility of recovering gold and silver with a comparatively small additional 
cost; ores which carry small quantities of copper, but relatively large amounts of 
silver and gold, may bet trifl'd by wet prortwx, hut thjjirmerely as a preliminary 
treatment in a-processmainly devised for the extraction of the two precious metals. 
In the ideal ea#e, tht ore fqr treatment by wet processes contains the greater part 
of its copjwr as oxide or carbonate, since tyeac substances are relatively easily 
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dissolved by dil* acids; copper silicate or copper sulphide ores do not so readily 
yield their copper to solvent*. 

The cupriferous pyrites of Rio Tinto (Spain) contains about 3 per oent. of copper. 
The ore is built in large heaps arranged with channels so that there is as free a 
vreuktioa of air as possible in theinterior, The heaps are sprayed frith water at 
suitable intervals. As a result, according to C. H. Jones, 22 tbe pyrites, FeSg, is first 
oxidised to ferrous sulphate, and then to ferric sulphate, This letter converts copper 
oxide or sulphide into soluble copper sulphate : Cu+Ee 2 (R0 4 ) 3 —CuS0 4 -|-2FeS0 4 ; 
aCuO-bFi^tSOiJa-aCuHO^-Fe^^; and Cu^Sd S2Fe 2 {S0 1 ) a =4FcS0 4 H'2CuS0 4 d-S. 
Some cupric sulphide is simultaneously formed as an intermediate product of the 
oxidation. According to A, N. Winchell, cuprous sulphide is more readily oxidized 
than pyrites, bYSv, and he suggests that the cuprous sulphide is oxidized first, and 
hastens the oxidation of the iron pyrites. The sulphides of nickel, lead, zinc, 
arsenic, antimony, and hisfAuth are simultaneously oxidized and dissolved. The 
soln. which drains from the hi ajw of pyrites contains both ferric and cupric sulphates ; 
the former is converted to ferrous sulphate by passing tho soln. through a layer of 
fresh ore, and the liquid is then led through troughs in which scrap iron, or lumps of 
spongy iron {redinvd from rousted pyrites), or pigs of iron have boon laid. Copper 
ia precipitated upon the iron as a brownish-red powder. The precipitation of 
ropper on iron in soundimi-* called winch tofr'rm, and the product, cement copper, 
Thu copper is removed from time to time, fused, and refined in the usual manner. 
The refining is commonly needed because cement copper usually contains iron 
oxide, sand, and 4 other extraneous matters. In some places, tbo ore is converted 
into sulphate by roasting with or without the addition of other sulphates-ferrous 
sulphatfi, aluminium sulphate, sodium hydrogen sulphate, etc. The operation is 
called svlpkatiziwj roftxl. In E. W. von Siemens and J. G, lfalnkeY process, 23 the 
roasted ore is treuted directly with an acidified so In. of feme sulphafc. 

In some mines, arid dumps, the air has already oxidized the sulphide to water 
soluble sulphate, anti the water percolating from the mine, or dump, is charged with 
sufficient copp* sulphate to pay for the recovery of the copper —c.g. at Wicklow 
(Ireland), Schiiiocllnitz {Hungary), Rrnnmclsbcrg {Germany), Ashio (Japan), 
Wallaroo (Australia), (Jumeshavsky (Russia), Butte (Montana), Bisbeo (Arizona), 
lion Mountains (California), i»L\ 

T* S. Bunt and J. Douglas* process 21 depends on the fact that ferrous chloride 
in the presence of lint brine (at 7ir) oon\erts copper oxide into soluble cuprous 
chloride. The copper in the ore must therefore lw first converted jntn oxide by 
heating the carbonates, or masting the sulphides. The ore is treated with a soln, 
of ferrous sulphate containing an excess of sodium chloride with or without calcium 
chloride. The reaction with cuprous oxide is represented; 30u 3 04’2FuCI a =2Cu 
4-fCu^i-l-Ft^O^, and the cuprous chloride is held in soln. by the other chlorides 
which art! present; with cupric oxide the reaction is represented: 3CuG-k2FcCI 2 
^CuClriCuCiari-i^Qj. The eopjx*r is then precipitated by iron. In a later 
modification of the process, the copper oxide ia extracted by dil. sulphuric acid, 
and ferrous or calcium chloride is added to tbo soln. to convert sulphates to 
chlorides# Cuprous chloride is then precipitated by blowing sulphur dioxide 
through the soln.: CuCIg+tfOg K'uH0 4 i-211^0 2L'uCl-|-2H 2 S0 4 , The precipitate 
is converted into cuprous oxide by treatment with milk of lime, and the washed 
oxide is smelted with carbon for copper. Fart of the sulphur dioxide is recovered 
from the soln. by blowing hot air through the liquid; fend the calcium chloride, 
left after treating the cuprous chloride with milk of lime, is used for chloridizing the 
copper in the sulphate eoln, 

V. Longmaid and W. Henderson's process was invented by W. Longmsid 
in 1842* and unproved by.W. Henderson in I860. 1 * *j2m process is suited for the 
treatment of burnt pyrites or Wue bilty —the residua obtafta^d when cupriferous 
writes has beep roasted for sulphur dioxide in the moaufacture of sulphuric acid. 
The roasted oro contains from 1 to 6 per, cent, of copper—partly as cupric 
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aulphato, cupric oxide, cuprous sulphide, and copper iron sulphide, FeCuS*, 
The crushed and burnt ora is mixed with 12 to 15 per cent, of rock salt and roasted 
in a reverberatory furnace whereby the copper is converted into soluble chloride — 
chfortdtzing moat. The mass is then lixiviated with water, and the copper pro- # 
cipitated J&oip the soln. by scrap iron. I( much gold and silver are present, thcs^ 
dements may be precipitated before the copper by the addition of sodium iodide 
(F. Mayer), dnc iodide (F. Claude t), treat me ut with hydrogen sulphide {T< Gibb), 
or by dilution with water (W. Jardine and H. Chadwick). 

Instead of precipitating the copper by cementation, electrolysis with insoluble 
electrodes may be u&d—lead anodes stand well in sulphate Hnln.; carbon anodes 
stand well with chloride but not sulphate soln. 11, Carmichael 26 used an acidified 
soln. of cupric sulphate impregnated with sulphur dioxide as electrolyte, and in¬ 
soluble lead anodes. S r von Laazczynsky used an acidified kiln, of copper sulphate 
as electrolyte, and the lead anodes were enclosed in tight-fitting cotton bags in order 
to binder the oxidation of the ferrous sulphate into ferric sulphate at the anode* 

Numerous analyses of commercial copper arc recorded in literature* In the 
United States, the three important brands are casting copper, lake nuppor, ami 
electrolytic copper. In casting copper, the amount of precious metals is too small 
to justify their extraction, and the impurities are too small to make them objection¬ 
able for many purposes. The following is a selection : t 
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A, Rilcrs found selenium in all the varieties of copper he examined, hut a few con* 
tamed no tellurium. Copper from Garfield (Utah) contained : 

Oflld. Slktr. CEiitlnimi, rjtllmULim. flili .. IVlIurlLtm. ULimuiOi. W 

14,400 I74 T 01>0 17 -V,P 44.HOO 4432 4KKO 32*000 


ounces per 5000 tons* 0, Nielsen discusses the standard!nation of copper in grades 
according to its degree of purity. 

The preparation of highly purified copper by Richard * 1 piratt.*" -Corrimni'iAUy 
puro copper was dimtdvrd in sulphuric acid mixed with a little nitric arid. and svaporeti’d 
to drying The mass was heated in a porcelain dinh on an ashrKtoe plate until the fumes 
nf sulphuric acid wara no longer evolved. The copper sulphate was then distudverl in water,. 
and twice re-crystallized. A dd. sola. of tho cryHtais was boiled and shaksn for three 
hours with water containing a little potassium hydroxide. The main, woe idWod, and 
copper sulphate crystallized from the lint boJtj. a number of times. An arp noltt. of the 
crystals was strongly acidified with sulphuric acid and a little nitric acid* and dootrolyzed 
m a call with platinum plates, fl'he electrolytic copper was then washed with a dil. soJn, 
of potassium hydroxide, dil. sulphuric acid, and then boiled for half an hour with water* 
washed, dried* and heated red-hot in a stream of hydrogen* The 1 medal waa allowed to 
cool tn the stream of hydrogen. 

Sometimes copper 14 used in organic chemistry as a condensing agent, for which 
purpose it must be in a fine state of subdivision. For CoUoiiUl COpper ttofc gold. 
Finely divided copper is obtained by thu action of zinc dust on copper sulphate 

soln. 

L. Cohl , i pmm for preparing finely dhrfcM (OWST 11 —Zinc duet is shaken through a line 
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sieve into a cold tmt, aolu* of copjsr sulphate in a porcelain dish while the liquid is being 
thoroughly stirred no m to prevent the formation of clots j tho zinc dust is added ao long 
« the liquid )iiu any hut the (pmtest trace of a blue colour. The temp, will probably 
haverimn to about Htr during the addition. The finely divided copper Hetties to the bottom 
, of the vegscU and the dork rod mass in well washed with water. In order to remove any 
stino which may ho pD'scut, dtl, hydrochloric add is added bo long as any pflervcncenco in 
tbrervablo, Thu man* is then washed hy deAntatiom and then on a hi ter until the washings 
am free fron>a«id. The metal is easily oxidized, even if dried, and it is lwst preserved in 
nhmnjy stoppered bottles. O. Ohmmrn prepared what lie called copper a root; and J. Piccard, 
ratal rtippw. 
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$ 6. The Physical Properties o! Copper 

The colour ^ rn|ifM'T in ( nuipEo t ma^s la yellowish-ml by refluclod light, the 
tint ranging fmin nruo^-rml to a rrw 1 e'itluur de[iendi a nt tipon the UimR. at wliidi 
the motal was ^wndied from thr Ihjtiid cumhtion. The red colour of rnetalhc 
cop jut is best seen whr i n the li^lit has bten rHleeted many times from the surface 
of tin 1 nnd.al, e t\. wh^n a *h< rt of the metal is b< nt to an acute angle (about 4IV 5 ), 
and viewed wirh lie eu’ directed Uj the jwint wliens thfl two inner surfaces of llie 
rop|H.T approach nm- another. Tim metal prudpits ted from wdn. is brownish^-red, 
and the rollohhd im hd ranges m colour from mmson or scarlet to various shades of 
blue and brown. Tlmi films of copper appear grecinsh-bluo by transmitted light. 
According to W. 1 liaragiola, 1 copper distilled ten times ur more in a high vacuum 
has a pule rose colour. An ur'ling to 0. Hisehof - inoltmi copper has a bluish- 
gr<‘en colour. Thin layers of copper, said M. Faraday, art 1 green \ G. B. Ri^o haid 
bluish-gn'en; K Braun, blue; and G. Bisehof, red dish-violet. According to 

G. T, Beilby, the red colour of co]>pcr in ndtectcil light is conditioned by a glassy 
variety of the metal. AY. L Dudley savs that copper vajiour is gram. The compact 
metal has fc bright nfdallie lustre, and takes a bright polish which is soon tarnished 
when exposed to the air. 

J. U. WaLJcrius a first described the crystidline form of cojiper in 1772 ; he said 
raprttM fajitra otAttwhim wicubica. J. B. L Home de l'lslej J, 1). Dana, G.*Rosc, 

. hf t AY. Mallei ete. ? have since described the ervstak The Ciystala of copfjer belong 
j to the cubic system—hexakIs-uoti*hedra six times)—whether the metal 

occurs naturally or is reduced from its soln., or congeals from a molten condition. 
Twin crystals are common ; #ri example of itvwlritic copper is illustrated by Fig. 12 
in the chapter on crystals. G, AV. A. Kuhlbaum ajid efi-workera obtained small 
octiihedra wdicn the nietal was sublimed in vacuo, und similar cry stals have bean 
obtained by slow deposithm from dil. soln. AV. L. Bragg’s X-radiosiEin of a crystal 
nf copper shows that tin: atoipfl arc arranged in the pattern of the simple face- 
icntn d cubic lattice witlusidc S fiOA., and closest approach of the atoms, 2'54A. 
P Seherrer gawe $ {\l xHl) *ctt|9. for the length of the edge of the elementary cube. 

H. Bohlin also studied the X-radiogram of ooppej, S. Niahikawa and G. Aiahars, 

vol, ni. * p 
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and M + Ettisch and co-workers, found that rolled copper gives an ill-defined 
X-radiogram with a symmetry related to the direction of rolling; on a nneal mg 
definite spots replace ill-defihed patches, but the copper still shows the direction 
of rolling after annealing 2 hrs. at 800°. K* F. fllotto estimated the edge of the 
jaolfeoular cube of liquid and aqlid copper to be 5*8x10^® cm. t W. L, Bragg 
computed the radius of the atomic spheres of the crystals to be 0*137/J/i, or 
137 A* M. N. Saha also made estimates of this magnitude. 

J, Percy said that the term moss copper is employed in copper-works to 
designate accumulations of filamentous or moss-like copper which is formed in 
cavities on ingots of certain kinds of rcgulus. Under the microscope, he added, the 
filaments present numerous minute parallel and longitudinal lines or grooves, as 
though they consisted of bundle of extremely delicate fibres. Moss copper is 
also said to bo remarkable for its purity. F, le Play found at the junction of the 
regulus and slag of a copper furnace a geode filled with extremely delicate threads 
of metallic copper, containing Cu, y8'2 per cent,; Fc, 0 + 4 per cent.; Ni, 0*6 per 
cent.; and admixed sand and carbon, <J'2 ]«r cent. The so-called filiform or hUT 
copper was obtained by A. Liversidge by heating native cupric sulphide in hydrogen 
at a temp, below the m.p. of copper. Moss silver has been discussed by W. Hampe, 
W. Hittorf, E, Murmann, H. Moiasan, J. Margottet, and E. Woinschenk. A. Beutell 
has made some oltfervations on this subject—trade moss silver. 

The surface of cast copper, under the microscope, appears to be composed of 
large primary and small secondary polygonal granules definitely oriented ; a sheet 
of electro-deposited copper appears to consist of primary granules only, without 
definite orwmtation. The crystalline structure of electrolytic copper has been 
described by 0. Faust, G. Grube and co-workors, M, von Schwarz, Z. Jeffries, 
A. Sieverte and W. Wippcliimnn, II. S. Rawdon, etc. A low current density gives 
largo well-formed crystals, and a high current density gives crystals which grow 
at right angles to the surface of deposition, and which have a columnar appearance; 
with a still higher cur rent density, the structure ie broken up, and twinned crystals 
era common—the twinning is at right angles to the direction of crystal growth. 
Tho production of idiomnrpliic crystals of copper was found by W. E, Hughes to 
follow the same general laws as those involved in the formation of well-shaped 
crystals in salt boLh. 

The metal is an aggregate of crystals so that each grain Iiae a definite orientation 
which is different from that oE its neighbours. The external shape is polyhedral. 
Tho grains may grow in the solid metal: (1) When heated below the crystallizing 
temp. afkT cold plastic deformation ; (2) when a ho Worked or annealed metal is 
heated to n higher temp, than was previously used, or for a longer time at a lower 
temp.; (3) when the compressed powder is heated to a high temp, below the m.p.; 
and (4) when the metal is boated or cooled through certain transition temps. When 
just crystallized after cold-drawing or rolling, the grains of copper approximate 
(>'0002 to 0 , ('012 cm., and after annealing, tr002 to O’QOG cm. in*diameter. 
G. Tammann lias studied the regrouping of the atoms during annealing whereby 1 
now crystals are formed. H. Baucke clomped the polished surfaces of two pieces 
of copper, one piece hammered and the other annealed, and found that, at 105*, 
the hammered surface became considerably recrystallized, but when the surfaces 
were separated, or insulated with an oil film, there ( was practically no modification 
even after 48 hrs. heating at 180*. This confirms the general observation that 
forged or drawn metals are in a less stable condition with respect to crystallization 
than the same metal in tho soft state— e.g. if plates of forged and soft metals be made 
the poles of a galvanic cell in a aoln. of a salt of the same metal, the forged metal 
becomes charged negatively and posses into solm The "presence of all but very 
minute proportions qf t cuprous oxide, bismuth, and.load is evidenced os discrete 
particles under the microscope; whereas silver, goltT, nickel, manganese, antimony, 
arsenic, one, phosphorus, etc., dissolve to a greater or lees extent in the solid metal, 
and may leave no trace of their jjreeenoe except possibly in the appearance of the 
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crystal*. During rolling, the primary granule* are elongated in the direction of the 
rolling, and this give* the metal it* characteristic jftroiu structure. M, Ettiwli 
and co-worker* *ay that the crystallites in soft sSres arc arranged irregularly, 
while those in hard wires are regularly arranged, B. Raasow and L. Velde have 
plotted on \ triaxial diagram the degree of *old working, the annealing tempt 
{time constant), and the mean diameter of the grains of copper Copper is etched 
for microscopic examination by aqua ammonia, or ammonium persulphate, or an 
ammoniac*! sob. of hydrogen peroxidn * 

The production and properties of thin films of copper have been discussed 
by A, W. Wright, 0 W. Betz, L, Houllcviguc, W. Spring, A. Knop> M. Faraday, 

O, Brtmck, T. Curtius and F. Schrader, F. D. Cnattaway, tt, T. Beilby, and 

P. Neogi. # 

As previously indicated, in the Arabian, The Book of the Rent Thing* for the 
Knovkdgc of Mineral tfufofrritcw, by Abtt*r-Raihan,* bitten towards tho end of 
the tenth century, the Specific gravity of copper ia stated to 8 70, which is not 

far removed from the value accepted to-day. He also gave 8 82 for the ap. gr. of 

bronze, and 8'57 for that of brass. Another Arabian writer, Al-Kharim, in bus 
Book on the Balance of Wisdom, written in the twclth century, gave 8’fifi for the 
sp. gr, of copper. An early determination of the sp. gr. of this element by 
R, Boyle (1690} gave 9; and one by 1), 0. Fahrenheit (1725) gave 8'854 for 
Swedish copper, and another 8799 for Japanese copper. C, Hatchett (18U3) 
gave BWj; A. T, Kupffcr (1824), 8 78; 0. J, B, Karsten (!832), 8721; 
T. Hcrapath (1824), 89tHJ; R. Mallet, 8 687 ; and H. Sohiff, 8 90&(i2 fl ). Accord¬ 
ing to W. Staid, the sp. gr, of topper at different temp, is ; 

uikt iiao B iir.v jeuo* IW 

Sp, gr, . S fttiUi 8-3(501 Mm W33K4 K-»27« M-3JU* 8 2053 

The ap. grs, of the pure metal, measured by different observers, do not agree. 
The *p, gr, is greatly influenced by the thermal history of the metal, and the presence 
of impurities. The sp. gr. of ordinary roinmoreial copper usually ranges from 
8'6 to 8 9; ihe standard value in 8 89 at 2u"; M, J. Eriwon (1787) reported that 
the sp, gr, of the cnat metal is 8 788, and that of the rolled metal 8 878 ; A, Baudri- 
mont found that slowly-rooled east copper had n sp. gr. 8 1525 ; and wire prepared 
b several different ways had a sp. gr, varying from 8 3912 to 8 0893, similar 
observations were made by R, Bdttger, and C, li'Nrill, while R. F, Marchand and 
T. 8rheercr found for electrolytic copper* 8’!U4 ; A. Dick, 8937 ; and L. Playfair 
and J. P. Joule, 8 920 ; and for finely divided copper, the latter also gave 8 931 (4°), 
and A, Dick, 8 938. For copper plate at 0°, (J. Quincke gave 8 902, The raid 
working of copper affects the mechanical and the physical properties—elasticity, 
sp. gr,, c.m.f., thermal and electrical conductivities, etc.—of the metal, 
F, CL A. IL Lantaberry found that the sp. gr. of the cold-worked metal is 8'8313 
and of th* annealed*metal 8 8317. 0, W, A, Kaldbaum and E. Sturm 7 state that 
the sp. gr, of native crystalline copper is 8 94; electrolytic copper, 8'914 ; cast 
copper, 8'921; drawn copper, not annealed, 8'939 to 8*949; drawn annealed 
copper, 8*930; hammered copper, 8U51; copper reduced by hydrogen, 8'M7 to 
8 416; copper cast in an atm, of coal gas, 8 95, According to W, Hampe (1872), 
the sp, gr. of pure electrolyse copper at 0* is 8 945; and 8 952 according to 
H. Schrdder (1859). After hammering, the sp. gr. changes from 8'952 to 8 956; 
and according to 0. W. A^Kablbaum and co-workers (1902), the sp. gr. of the 
distilled metal is 8 93268 at 20°, and 8'937G4 after being subjected to a prerc. of 
10,000 atm. After being subjected to a still higher press., the sp. gr, begins to 
diminish. According td*T. Scheerer and it. F, Mart-hand, the low sp. gr, of cast 
copper is due to the porosity^ the metal, which is supposed to be caused by the 
absorption of gases at a high tefrip.j and their subsequent evolution during coding, 
T. M. Lowry and R. Of Parity ray that the sp. gr. of copper increases when the 
m#til is annealed at KX> fi , and that while the sp.^r. of the metal ett matte is S'9163^ 
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that of the filings is 8'890Q t F, Pascal and J, Journiaux found the sp. gr. of 
liquid copper at its m.p. lOfjjS 0 , in an atm, of an inert gas, is 8*40, and at 1200 a , 
8'32; L, Playfair and J* P, Joule gave 7 272; and W, C. Roborts-Austen and 
T, Wrightwn, 8'217. 

• W + Spring has shown that many substances after compression have a lower 
sp. gr. than before. For example, lead, tin, cadmium, and silver, after beiu# forced 
through small apertures under press., also show a slight diminution in sp. gr., while 
with bismuth there is a slight increase. When two plates of a metal—one of 
which has been compressed, and the other not compressed'-are used as plates 
of a cell in a soln. of one of the salts of the metal, an electrfc current is generated 
such that tho metal which has been compressed by hammering, etc,, is negative 
to the annealed mefca^ The current is in the opposite direction with bismuth— 
which contracts on liquefaction--to what it is with lead, tin, cadmium, and silver— 
which expand on liquefaction. W, Spring supposed that the metals change under 
compression to the mol condition characteristic of liquids ; otherwise expressed, 
metals under great compression assume an allotropic form corresponding with the 
liquid or amorphous condition which P. Du hem calls melal jiv e, as distinct from 
tho crystalline state —metal rrvu.it- obtained by slowly curding the molten metal. 

G. T. Beilby * aliw considers that the metals ran exist in two distinct solid 
phases i (i) the hardened or amorphous state ; and (ii) the annealed or crystalline 
state; and ho gives evidence to show that the former is ninvrrted into the latter 
by annealing ; and that the latter in converted into the former when work is dons 
on the crystalline metal—c,y. polishing the surface of a metal produces what he 
assumes to be an amorphous film which can bo removed by suitable solvents so as 
to shtwtho underlying crystalline phase ; similarly, when a piece of metal is strained 
by, say* wire drawing, the friction of the crystals produces an encircling network 
ot the amorphous hardened phase between the crystals which incites the tensile 
strength of the metal According to U. T, Brilljy, the transit-ion temp, between tho 
two phases of gold lira between UJvU' and 2811 rj ; copper, between 250° and 21)0”; 
silver, between 231T' and 2U5* ; und magnesium, between 300 J anti JlKV*. 

Iff. Hoserdmin 0 also has given much indirect evidence of the existence oE an 
internryatalline amorphous film in normally crystalline metals. As a rule, an 
amorphous substance is more susceptible to attack bv chemical ugenta than the 
same substance in n crystalline wtjvte. According to S. W Hnuth, if two buttons 
of silver' one slowly ami tbe other rapidly cooled - be treated with nitric acid, the 
one which has been cooled most rapidly will be most quic kly dissolved ; and accord¬ 
ing to W. Roscnhain. the loss by volatilization of rapidly chilled castings of silver 
is greater than with slowly cooled eastings. With slow cooling. Urn crystals are 
larger and the intererystaUine amorphous rement is less abundant than with sudden 
chilling where I he crystals am smaller. It is inferred that the volatilization is mainly 
from tho amorphous cement, and that tint amorphous cement is likewise attacked 
most rapidly by acids. In the latter ruse, too, the faster tb£ amorphous rument 
is dissolved, the greater the surface exposed to the action of the arid, ami the more 
quicl^Jy will the inetttl be dissolved, 

0, W. Ellis, 10 therefore, infers that the cold-working of metals favours the pro¬ 
duction of tho amorphous at the expense of the crystalline metal in the balanced 
reaction: Cu^uiUM^^iTDon^jua, fllJ d that tho amorphous matter produced hy 
the strain undergoes recry stall Ration when the stress is relieved. The crystalliza¬ 
tion of deformed met&U has been studied by D t Hanson and many others. As 
a result, it is inferred by D. Hanson that for every degree of deformation in strained 
metals, there is a critical recrystallization temp, at which crystal growth is extremely 
rapid, and tho size of tho crystals produced by this growth is greater, tho smaller 
the amount of deformation preceding such ann^ajing. According to Z. Jeffries 
and R. K. Archer, 2W° is the lowest temp, at which the recryjdallization of tho 
cold-worked metal bos been observed. 

The pure metal is highly ductile and malleable* for it can be rolled into sheets, 
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hammered into foil, or drawn into wire. When subjected to mechanical treatment 
of this kind, the metal heroines hard; t lie hardness can be removed by annealing 
between THK) 0 and TOO 0 in an atm, free from sulphur. When the metal is mechanically 
worked, it must be frequently annealed to avoid fracture. This is illustrated by 
the curve, Fi-iy, allowing the effect of annealing at different temp* on the elostio* 
limit; the tensile strength 
curve changes with temp, 
in an analogous iimmier, 

Accuiding to E, Heyn, 11 by 
annealing the met a I alTtfM/ , 
the crystal granules im-rcase 
in sijie until they heroine 
visible to the nuked rye. 

According to 11. Tum- 
matin, eoId-work jnETeu.^H 
1 he energv content of a 
metuI brniuse the formation 
of gliding pluni's, and the 
tra nslatio n o f pa rt ii ■ h k s h lead * 
to a decninpuMtnm ;md un 
increase ju the potential 
1 'iiergy; mid furl her, pro- 
['esse.* take plan 1 within the atom whieli lead to a similar increase. *A cold-worked 
metal is loan noble, t e, more chemically active, in the bard than in the soft atate. 
Since. however, tlie surface layers are alone affected, a wipn finally hardened piece, 
still soft in tie 1 interior, may behave less nobly tlmn a thoroughly hardened piece. 
Thu change in L^ 1 chemical activity of a metal by working is ascribed to an altera¬ 
tion in the prupcrlic* of the partii-h-s of the metal which, once displaced, aro ludd 
]rX3 firmlv in the lattice Ilian before. 

The frftCtlUG of cast copper is more or lens granular; tliat of rolled or drawn 
copper is fibroin. The malleability of a ntcf.ul refers to ite property of per¬ 
manently extending m all direction* without rupture when a stream—pressure 
(rolling) or impact (imniTiiering) -is applied The ductility ref era to the property 
which enables metub to In 3 drawn into wires. The malleability of copper 13 is equal 
to that uf gold and silver; it ha* been IjamnnTed into sheet* O'lHBjfi ni rn h think. 
The dud ill tv of cupper w also high. E. *S. Shepherd and G. B. Upton found the 
duc tility expreAHed in fHrantftUf' rlvitt/titiitn during the application of a tensile stress 
to vary from 12 U to 11 o |«t cent, fur cast copper, and from IfiO to 28 0 per cent, 
for copper kept a week ut !H0' J and theu quenched in water. G. D. Bcngough and 
D r Hanson found that there is a range of low ductility for copper between 2nO g 
and 4uf) a ; and that the presence of oxygen and uraenic increase the high temp* 
ductility iff the metal. 

The ductility of copper is increased by annealing, and G, V, Caesar and 
0* C. Gerncr, and B. E. Curry have nhown that the temp, range within which this 
softening takes place most rapidly is from &KC tu .‘iTifJ 4 for pure coppr; biA this 
is affected by (i) the extent of the previous cold reduction ; and (iij the impurities. 
Arsenic and silver raise the aryioalmg temp, range of copper. The properties of 
cupper are not affected like those of Steel after annealing or rolling. From the 
work of A* Martens, and E, Johnson, it is generally believed that quenching copper 
in water after annealing produces a softer metal than if it be slowly cooled, 
although thero is some evidence for and against this view* B* Hopkinson, and 
J. E, Bears have studied* the momentary expansion which occurs on percussion. 

C. J. B. Karsten pointed outsat the greater the purity ot aopper the greater its 
malleability and softness,*and fhe leas heat required to render the brittle metal 
malleable. The effects of va^ous foreign metals on the physical properties of 
copper have been much investigated, t 4 



Antrtyihflg £&t>pt'rdttHT 

Km, S* -Tin 1 EITi'cL of Annealing at iliHVrenl Temper a- 
hi mi on Ilh.H Tni^ilr + Sinnjjtli «ml Ehittljf Liiml of 
Filed Lofytir Cupper [i " (!mrd). 



& INORGANIC AND THEORETICAL CHEMISTRY 

Copper is malleable when cold, and at a red-heat; a metal malleeMe at a red- 
heat, and not so ■when cold, is said te be cold-thori ; and a metal malleable '™ n 
cold, but not so at a red-beat, red-dort. According to R Cohen, the Greek Ibeo- 
phrastns, about 371 b.c., stated that he had noticed the disintegration of copper 
during a severe winter. * * * , 

Pure copper is comparatively soft. As indicated in the general remarks on 
hardness, jn connection with the alkali metals, this property can be expressed in 
several different ways, many of them quite arbitraiy. On F. Mohs’ or the 
mineralogic&I scale, the hardness 13 of copper is about 3, when that of iron is 4'5, 
and eilver 37. 0. Faust and G, Tammann’s values for the*sclcrometric bardneas 
measured by the width of a scratch made with a load of 10 grms>, is O'Uld-U'Oie mm. 
for soft and 0'016 for tfoe hard metal; and with a load of 17 gnus., 0'f)22—0'027 mm. 
for the soft and hard metals. J, A. BrineH's test for hardness measures the 
diameter of an impression made by the application of a load applied for a definite 
time-say 15 seconds. J. A. BrinelL’s hardness number of copper cart and slowly 
cooled is 53 8 ; C. A, Edwards gave 53 0. The numbers for rolled sheet copper 
unannealed range from (if> to 75, when the value for mild steel is about 104* 
J, A. HrinelL’B hardness test cun also he represented asa press, in kgnns, exerted per 
«q< mm. of the ball segment. Copper then gives a hardness of 35'3 kgrma, jier sq. 
mm. A kilogram, under standard conditions, is eq. to 1181,000 dynes, or a dyne 
is eq t to 0'000UO|0l937 kgrm, The curve showing the decrease in the hardness of 
copper with temp, is slightly concave towards the temp. axis. W. Kiirth gave 
for a load of 4UM kgnns,; 

-a» u -w“ is" ioo 11 ano* sou* 3yo fl fiaa* 
Hardnorts . +J 3 40-1 37 4 30 8 2<S'7 23 4 17 0 

L. Quillet has shown that the ratio of the tensile rtrangtli to B^ncll’s hardness 
varies with the hardness of the metal. 11 H, Pierce found that in the hard- 
drawing of copper wire the idlctit is the name throughout the whole section, and 
no hard or exterior skin is formed. While M, Hanriot, and Z< Jeffries detected 
no change in the micrortructure of compressed metals, the Briucll's hardness of 
copper was raised by compreraium at 10,000 kgrms. per sq + mm. from 27 0 to 46’i. 
C. Calvert and K* Johnson give the relative hardnesses of gold, silver, and copper 
as 4 : &: 7 2 ; J. R. Rydberg gives 2 5 : 27 : 30 ; S. Bottone, 979 :990:136(1; 
and F. Auerbach, 97 :91 : 95. 

According to G> Quincke, the surface tension of copper at its m.p. is JjBI dynes 
per cm., and the capillary constant, is 1474 sq, mm.; and for solid copper ho 
gives for the capillary constant in grms. a'lrir+flrtir for wires r mm. diameter, where 
a—0 for soft copper and 2388 for hard-drawn copper. S. W, Smith found the surface 
tension at 11&* U to be 1178 dynes per cm., anil sq, mui. According to 

1, Traubo, the internal pressure of the solid metal is 236,100 megabars, A. Johnson 
found the plastic flow of copper is not diminished by cooling the metil in liquid 
air. 0. A. Edwards, and W. E. Dalby, and E. 0. Bain and Z + Jeffries, also 
studied the plastic flow of copper. According to H, E, DiUer, when a bar of 
steel Vos pocked in cupric oxide and carbon and heated for some tune at 1000 D , 
metallic copper penetrated the steel to the extent of 21'4 per cent., thus demon¬ 
strating the dlftuion of copper into iron. R. J. Anderson measured the rate of 
diffusion of solid copper in molten aluminium and found it to increase rapidly 
with rise of temp.; Q* Sirovich and A. Cartoceti demonstrated the diffusion of 
manganeee from ferro-mang&neae into copper at 900°; and H, Weiss studied the 
diffusion of copper into molten une. The velocity of sound in copper is 397 X 10* 
cm per second. According to J. Ktaber, the velocity Pof sound in solid metals 
is proportional te the square root of the quotient ,oJ the sp* ht. 0 and the coeff. of 
linear expansion a such that F==57 h 698>/C/a—637*, This applies to copper, silver, 
gold, magnesium, aluminium, tin, lead, inn, nickel, and platinum, bufrwith tantalum 
there is a difference, presumably because t(ie constants have not been determined 
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with sufficient accuracy* The velocity of Bound is also proportional to the square 
root of the quo tient of the modulus of elasticity, if, by the density, D, such that 
V=9904 Vljb. Consequently, 99*04V^/D=57 fi98Vt>~ti37, and i( any 
three of these constants be known, the fourth can be computed to within five pot 
cent, of its value. The internal visoodtp of <cop]>cr has been investigated by # 
M. lohimoto by the use of tuning-forks and torsion pendulums. K. Jlonda and 
8, Konno found the viscosity of rolled copper to be 4'KlxlO 8 at 15°; and that of 
the metal annealed at .300°, to be 513x10 s at 15°. 

It must be emphasized that the data for the mechanical properties of the metals 
are more or less dependent upon the methods employed in the measurements* The 
values for the elastic qualities, for example, are more or less dependent upon the 
size and shape of the test-pieces, and on the rate at which the stress is applied, as 
well as on the previous mechanical and thermal treatment of the material this 
quite apart from the influence of traces of impurities on the results, it is therefore 
usually safer to give ranges of values for pure material treated in different ways 
rather than to assign definite values for an arbitrarily selected mode of testing these 
characteristics. It is generally considered that copper may be noruializod— 
normalized copper- for tensile, strength dcturjnmatiuua by easting, rolling, and 
drawing, followed by annealing for 31MS0 min. at MMi 1 ' with *]uw or quick cooling, 
because when prepared under these conditions them is less variation between 
different samples than in any other condition. 14 

Copper does not break down by fracture; w hen comprised, it yields indefinitely 
and becomes flattened out. According to R. H. ThuTuton, 15 if c denotes the resist- 
ance to compression in lbs. per sip in., e the fractional compression, 145000^ 
for compressions up to 50 per cent. The comprewiljilUj of a substance,^ tho 
change in volume dv which unit volume t» undergoes per unit change of press, p 
(say, a kilogram per sq* cm,), or the ratio of the compression dvjv f to the press. 
dp applied, that is, dvjtdp. The compressibility of copper is OT&xlO^ (20' 1 ), 
meaning the fractional change of the original volume caused by a press, of a megabitr, 
that is, 10° dynes per so, cm*, between loo ami 500 megabars, L. H* Adams, 
E. D, Williamson, and J* Johnston give U 70 X hr* ; and they represent tho change 
in volume between the press. p n and p by 0'(XXXll+(J'0fKXXXJ749{p--pjH 
E. H. Amagat gavo U'807 per atm.; H* V. Rcgnauit, 123 ; J, Y, Buchanan, O-flfii ; 
3* Lussana, 10 to 11 for press, from RM) to 3000 a tin* E. Model ung and K. Km Im 
gavo 3 X0l{ + 0'0t)4)xl0^ ia dynes per sq. cm. Aroording to B. Lera, the relation 
between the compressibility /9, the cocfT. of expansion a, the at* wt. w, and ap. gr. D t 
is represented by (n/£)(D/M^==U 048. Unit volume of copper at 0 s is estimated 
to change 0 0080 vol. when the press, is raised to 12,000 kgrms. per sq* cm* 
H, Griineiaen found that the compressibility of copper, increases rapidly with 
rise of temp., and that the greater the expansion with rise of temp., the greater the 
change of compressibility. Thus the value of 0 for copper at “ ID 1 ° is O' 718x10 a ; 
at 17'5, (T773 X1Q-* ; at 133°, 0 815 X10"*; and at 1<?5°, 0'828x 1(T«* A. Mallock 
fonud at-190°, 0 718 Xl(T s ; at 17°, (J 77RX1U"" ; and at 10O u , 0 8fll xIF* 

Copper is considered to be a very clastic metal. If a strain of qj kilograms 
exerted on a cylinder of # sq. nim. sectional area, and length i t prndui^s an increase 
in length, <5, the modulus of eluticitr, or the longitudinal elasticity, Yotmg’i 
modulus, or the coefficient o( resistance to extension, is (f/$)(w/s) kilograms per 
sq. mm* The modulus of elasticity is therefore the product of the longitudinal 
stress by tho longitudinal extension or compression; and the value for highly 
purified copper is between 10 /KjO and 13,000 kilograms per sq* cm*, or about 
13'20X10U dynes per sq. cm., or 1320x10 s dynes per sq* mm., or 17*3 lbs* per 
sq, in. The observed fhaxiraum and minimum values are 1333 and 1052 dynes 
per sq* mm. A. Gray, V.- J, JJfyth, and J. 8. Dunlop found for electrolytic hard- 
drawn copper an elasti* mootdua of 13,220 kgrms. par sq* mm* (19'5 D ), and for 
commercial dbppar, IT, 354 (1J'4°); G. Wertheim gave 10,519 (15°); and for wire 
drawn, 13,513; K, Zftppritz gave 1J,646; E v H. Amagat, 12,145 ; K. F. Slotto 
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12,5150; 0, Angcnheister, 12,240; W. Voigt, 10,850; J. Kiewiet, 10,800; 
C, Benedict, 12,300; F, KoklrauKeh and F, E. Loomis, 12,140 ; H, Buff, 12,270; 
G* F. C. Searlc, 12,400 kgnfls, per sq. mm,, and lT Gxlo* lbs. per sq. in. lor 
drawn and 18’3x10° lbs, per sq. in. for annealed copper. The beat representative 
y&lue may be taken ou 12,200 kgrjn^ pyr sq. inm. with maximum gnd minimum 
values 13,230 and 10,520 kgrrns. per f<q, mm. B, Wclboum measured the elastic 
modulus of a number of stranded cables of hard-drawn copper wire. P. Galy-Ache 
has measured the clastic deformation which cupper possesses in the amorphous 
mtercryatalline medium and in the crystalline ]>art; and F. Ilehkuh, the effect of 
temp, on the restoration of the elastic deformation. M. RudelofFs values for the 
effect of temp, on Young’s modulus for different wimples of copper were : 

IMF IOC*, 200“ :jno n 4Wi ? 

17-S—18-1 x IU* I S-l y i0> 14’Ji — is-ii x III* J Y H - 13^ : IhJ^ KH x 10* lbs. per sq. in. 

The steady and gradual fall of the modulus uf elasticity of copper as the temp. 

rises 1 ® to 1000° is illustrated by Fig. lo, due to K R, Koch and C. Daunecker. 

According to F. Kohl mu sell mid h\ K Iiournis, the dastir modulus at B in 
— uixhj 5720—ij-orjtjoixtitffl-). A, WasMinuth gives for the tump, coeff. of 
the elasticity K A„(D 0-0(103590). According to 
U Bisehof, copper becomes very brittle just below 
its m.p. F. Stmnt.z, M. (J. Noyes, 11, Walker, 
Jt . Jj. Dodge, G. A. Shakespeare, etc, have made 
observations on the effect of temp, on this modulus. 
Healing by an electric current shows no other than 
a temp, effect. According to W. Sutherland, the 
observed variations of Young's modulus with temp, 
are linear, and approximately in accord w'ith the 
empirieul r<dation Kf A' [t I) 823(0^0 m ), where B 
denotes the value of Young's modulus at 0°, and 
. . A fl its value at absolute zero ; and 0 1M denotes the 

m.p, of the solid. The relation was found to hold good for a number of metals 
between atm. temp, and ]u2 n , but it is imperfect in that it gives a finite value 
for the modulus at the m.p, when it might to give a zero value., 0. Schafer gave 
3 027 for the temp, wlli., or the perc entage memnse in Youngs modulus in passing 
from 20 CI to -l&T. E. A. Lewis noted the elasticity is increased by alloying the 
metal with atmw, and A. Riche fntmri the same thing with iron. 

The ratin of the contraction iu a lateral direction to this longitudinal extension 
of a body stretched by a longitudinal strew is called Poisson’s ratio : the value of 
this constant fur copper ranges from 0 3:18 to 0 378 ; E. II. Amagat gave 0 327. 
The best representative value is O'34, with a temp. coelT, of aboutOlX)023p( h r degree 
between 0° and 150\ Investigations on Poisson s ratio have also been mode by 
G. Angenheister, who found 0382 ; P. Cardani, 0’37l ; J, Mom)*, 0 327 ; Ji R. Ben- 
ton t 0 322 ; C. E. Stromcver and W. Kennedy, 0322 ; A. Maffock, 0.348; and 
W. Voigt, 0‘350 for ckctridytic copper. A. Buck found PoissoiYs ratio to be 0 340 
at 20 6 t 0'3DD at (X) u ; 0352atlOO L ; ando 370 at LH0'. 

If a uniform press, p kilograms per sq, I'ni changes the volume ij by dv, the 
ratio dvjv is called the compression, and the quotient of f by the compression, pujdv, 
m called thu volume elasticity of the substance ; tte value of this constant for 
copper is from 131 X10 11 to 168xl0 u dynes per sq. eyi, The resistance to shear¬ 
ing, or the quotient of the shearing stress hy the shear, is called the rigidity of 
the substance to transverse distortion—that is, the toraian or shear modulus. The 
value of this constant for copper is 4 47X10 11 to 4'55xl0 11 dynes per aq. cm. 
W. Voigt gave 4780 kgnns. per sq. nun.; N« Savart, 4213 ; 8. Katzenelaohn, 3587 ; 
A. Gray, 4199 ; 0. Sehiffer, 3967 ; G, Angenheister,'3587; M. Baumeister, 4450; 
and J. Kiewiet, 4664 kgrms, per sq. mm. G, Pieati's value lor the rigidity n at 0°, 
when the value at 0° is 3972 kgnns. ^er sq. mm., is ?i=3972(1^O'OO27160+O 0^230* 



Fio. 10.-— Effect of ..pmu- 

turo on the Modulus of Elas¬ 
ticity. 
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-0-C W16 *); F. Kuklrauseh ami F, K. Loomisgiv* it -4SO0(l -mUMtf-+-O-0 o 2Wfl*) 
kgrmfl. per sq. inm. F. Horton gives 4'37 X 1l) n dynes per sq. cm. at 15 w for purified 
copper, and At LT the value is m-=4'37x lu 11 ; 1 —0"0UL>3SI(fl—15)! dynes per sq. 
cm. For commercial copper, lie gives ^r-^StixlO 11 }!—000038(0—15)} dynes 
per ftq. cm* R. Koc h and t\ I lannerker g i vc 12 lo kgrms . per sq. mm. or 15 X10J 

lbs, per aq. in., and for the values at different temp ; 

SO* 100* LKh| J ,il*l jIH)* SlKI" ioo«* 

0 02* JO* 5 82x10* -.10 s 4 S5 JO" 300 ,10* 2 72 -. JO* 210 . tO* 


W, Sutherland lT giv« 43fN) kgrinfl. per mp mi fur the rigidity at I5’\ and e.dimiMrH 
that at —273°, the rigidity is 15^1 kgruis, per sq. em r According to Jl. Tomlinson, 
the torsion of a wire is increased by raising the leiup. to IUJ . 

Tile tensile strength or tenacity of a *nbsUnce is the grenkut. longitudinal 
stress which it can suffer without riipluie . ihe h-usdc strength of cast cupper is 12 
i.0 13 X lU fl dynes per sq. rtu., and of rolled nipper 2 U to 2 5 X 1< i LI d\ lies per sq. cm. 

The tensile strength of east copper has been Almost doubled l»y ..h a] working. 

E h H. Pierce found the tensile strength of copper wire to be equally offer led throng h- 
out its whole suction bv hard drutiJNg. ..b>ii\ed skm rfferls an' due lo the 


rulling of oxide wala into the wire, T. Holkm. 
studied the effect of cold work on copper In 
W. R. Webster, and others has shewn that 
cold work chants the i-histie lumt, the yield 
pnint, the tcnsilu strength, the hardness, 
sp. gr r * magnetic permeability, eWlrical t on 
ductivity, solubility in acids, etc. W. E. 
Alkins has shown that the effect of pro¬ 
gressive cold-drawing is to change the 
tenacity T of the wire with the sectional 
area &4 illustrated in Fig’ H The por 
tion AJi of the curve corresponds with (he 
equation T -31 13 - (i7>i ; tlic portion VI) with 
T —3u 8-3—82 1 fjlhS'; and 11ie porlion 7Jk r w ]t h 
—(#if—(1*107) '■, The results an; ex^ 
plained by assuming lh,i|, the first dnmge 
w'hich occurs when copper is drawn through 
the dies is alio tropic ; when this thunge is 
complete, a second rhunge occurs, forming 
cither an allotropic or nn amorphous variety l 
of the me tab F, Johnson showed that the 


j) J{, l J ye, and W. E. Aik ms Imve 
general, tin 1 work of V thuueus, 



Kim, 11 Klfi iu fi t Si'r-f)ijMid Ai' a eo 
(lie Ti IL^-lli 1 Hi jTM^tll 4 h|' 1 'iippiT WntJ. 


presence of cuprous ovule is not responsible 

for the abrupt change which «i ears. O \\\ Klljs kindled the phenomenon in 
connection with a‘zinc-copper alloy. Anrirnlmg reduces tlm leiisjfc strength of 
iasfc copper from 4l> to 21 kgrms per wq, mm., or. rutording to r. W. fb nnett, 18 
from ftqiJm or 7ii,i)fNHo 30,fjuri nr Jba. pr-r sq. inch r J'Jie tciftdc Mlrength 

of electrolytk copper amiealed for 2 hrs. at Ton m au uf-m of curhon dioxide^ 
ilecrca^'s as the temp, in rawed, pausing from 13 tons per aq in at 22 ' to 2 <J hms 
per sq. in. at 975 9 as illustrated by the curve, Fig. 9. <1. <'harpy gave for rolleil 

ropper with a tensile strength of h 3(J kgruin. per sq. mm., th«* following values when 
annealed at different temp. ^ 


Annealing temp. . , 200" 2SO ^20 r>00 u 730 u H-TT 

Tensile atrengLh , . 30H 30-15 22 I 22 2 22 2 22 0 


Any stress within the elastic limit results in an elastic deformation from w'hich 
the metal recovers on rplcasjfig the stress; ff the stress exceeds the elastic limit, 
plastic defoliation or permanent w;t results. In this overstrained state, the 
material stretches at an enormously greater rate^than before, and the yield is mainly 
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pUatie. Under the action of email load* the strains increase at a still greater rate 
and deviate tether from the law of proportionality to stress \ as the load is applied , 
tha material exhibits a strain* which is increased by creeping more or less slowly, 
A. Moiley and Q. A, Tomlinson showed that copper gives practically the same 
naulfe immediately after overstrain a* before it, showing that if the properties are 
altered by overstrain, recovery is very rapid. 

According to J. Dewar, the breaking stress of copper wires 0 l 098 in. in diameter 
Is 200 lbs. at 1G\ and 300 lbs, at — 182 <J , F. A* and C. A, Lindemann found for the 
tensile strength of copper 60 + lU kgrms. per sq. mm. at —252'6°; 48 l 8 kgrms, per 
sq, mm, at —192°; and 35'8 kgrms. per sq. mm. at 17°* *A, Mallock obtained 
1’37 for the ratio of Young's modulus at if K. to that at 273° K. E. 8, Shepherd 
and G. B. Uptun found the tensile strength of cast copper to lie between 17,990 
and 23,740 Iba, per sq. in, s ami after annealing one week at 340* and then quenching 

^ __ in water, 22,400-24,540 lbs. persq. in. The lowering 

1 [— [~ T T [ of the ultimata tangle strength of copper with rise 

£ ft —I-- \ of t i jnp. is imlicutad in Fig. 12, F. Johnson 

J . [ studied the effirt of impurities on the annealing 

§ ■ V l | temp, of copper. F. D. Mcrico gives for the 

[ - \ i | ultimate tensile strength of normalized copper 

4 j . .\ 1 j 35,(0)15(100 lbs, pur eq, in,, elongation in 2 in., 

^ V 4<MfO per cent., and reduction m area, 40-60 per 

j, | V cent. The determination of the elastic or proper- 

t . 1 . . - ^ - tional limit does not yield a measurable value 

ft „ | * j \ because annealed copper yields slightly with the 

e° m? slightest loads applied in the testing machine; with 

cwpe ere hot-rolled copper, there is a small value with very 

Fia. 12,—Tlio Tingle Sirt^th flnia l| loads. The elongation with annealing follows 
poraLiirei*! *" * * r i t Opposite course to the tanacify. C. Grard’s 

experiments, Fig. !K give I5U“-20l> o us the transition 
range, but R 8. Hunted! gives .^*^-430“, and the difference is sail! to be due to 
th« greater oxygen content of 0. Grard'fl test-pie res, 

A. Martens has studied the effect of variations in the size and shape of the 
test-pieces on the measurement of tennile strength, A. Martens measured the 
effect of time in testing and found that with a variation of 05 to 40 per cent, in the 
elongation per min,, the observed difference in the ultimate tensile strength is less 
than 2 per cunt, \ while F, Ludwik found that a wire of electrolytic copper, O G mm, 
diameter, sustained u load of 4938 grins, for 5 min,, one of 4500 grins, for 90 hrs., 
and one of 3950 grins, for one and a half years, M + von Hiibl studied the effect 
of varying current density on the mechanical properties of electro-deposited copper ; 
and C. W. Bennett obtained electrolytic copper with a tensile strength approaching 
that of hard-drawn copper— m, 69,000 lbs, per sq. in,—by varying the current 
density and lining a rapidly rotating cathode. G. D* Bengough and D P Hanson 
found that the nature of the atm, has a marked influence on the tensile strength 
of copper at a high temp. An oxidizing atm, given a high ductility at a liigh temp. 
L. Duf#ur has studied the influence of an electric current on the breaking stress of 
a wire. Traces of impurities like lead and tellurium make copper brittle, while 
phosphorus* arsenic, or antimony make the metal tougher. For example, according 
to G. D, Bengough and B, I>, Hi'll: ¥ 


Amount of so^nic 
Maximum stress 


I’91 per cant, 

1 O tK> id ns per iq. in. 


R H, Thornton 11 has mrAmired what he calls'the torsion test, the shear ttet, and the 
taMueerM bending kal oE copper. F. Johnson, and A. K. Huntington have studied the effect 
of th$ ao-called fatigue or the dUfrnating stress tost, eu.copper up to 500°. H + Baucke 
has Investigated the so-calkri impact test on copper at ordinary temp. h. Guillet and 
V* Bernard carried the impact tests up to 1000°, and found that there is a Mnear decrease 
in the speoiflo impact work needed to bend the specimens tframined. 
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The corf, of thermal expansion of copper be twee u 0* and UK)" was measured 
by A. L, Lavoisier and P. S. Laplace in 1782, and they found CHK1001T22 and 
0 00001712. The P&ysikalitth+Ttchniscttt RricfattAiaU gives 0'(KW917 for the 
linear expansion of unit length between —191° and lti a ; and P, Glafczrf tVOUl"l)G 
mm. for the expansion of a dem, md per degree. According to H. Fizeau,* 0 th* 
coefflcwnt at thermal oxpaniioD (linear} at 20° isOOOOOlftft; at4ij°jKWH70; 
W. Voigt gives O l OOOt)l6(J9 at 20 c ; and H. le Chatclier, 0*001)0170, ami at VW\ 
0*000020. For the mean corf, of expansion between 0° and 100°, H. Fizeau gives 
O'Oilfi&e+OOftlO^f 1 ; and A. Mattbieasen, nt^lASl -h0'0 T I8M. The linear 

expansion of copper & not a linear function of temp., but is well expressed between 
—40° and 300° by a ijuadratio equation. \V. Dittuubcrgcr gives for df// 0 XlU fl 
=1GO70-|-O OO4O30 2 , F. Henning found a contraction between f>“ and —191° 
of 2*917 mm. per lot) ciiim. This does not Ht UittcnborgeFs formula, P, 1). Meriea has 
quoted a sample, 99 956 per cent, purity, of hot-rolled and cold-drawn electrolytic 
copper which, between ~24 <J and 6V , bad a unit linear expansion (within uqHKXkWl) 
of dlji n y ] 0 s ^'1 O'4H0 -[ 04)03820“ ; and another sample of 99 91 lb per emit, copper 
hot-fulled, drawn and annealed, had (within OdUdUOH) between - 19 th and 
rfi/ZpX--:l0'3|fl-f-ir(K)4i3fl’i; F. A. Limlemann from 85° K. to 292“ It., dl/ldt 
ns 124x10from 20° K. to8ll fJ K., 49x10 *; and from 80 y K, to 90' K., 71>Xl0 fl - 
W, E. Doraey found the corf. to he lowered by reducing the temp. Tims: 

Abit temp. . 283° 243° '22T 2n;r IBS* M!3° MU' I2:i > 103° 

a- lo* . . mb him i^u.i jam iw 1437 no^ /auo J03& 

F, 4- Lindcmann verified for cupper E. Cnineiscn’s relation: cooff. of expansion 

-hsp. ht.=a constant independent of temp. According to I, Zakrezcwsky, the 
corf. between,—103° and —78 9 is) 0*000015 Ui; between —78 9 and 0 9 , 0 00001002 ; 
tatwwn 11° and 25°, 0 00001099; and between 25* and lot) 9 , 0*01)001753. Tlw 
corf, with hammered copper is rather less than with cast copper. According to 
A, Matthic^Hun, if the volume of cupper is unity at U ° t it is 1'004998 at 100°. Thu 
coeff, of cubical expansion ia ij h CI x l(T" r \ L llolborn and E,l Iriincison found OIJOUOG32 
for the mean corf, of cubical expansion between 0 U and IW\ and 0 0000098 between 
0° and 30Q 9 . E. (Jrunciscn found the corf, of expansion, between —190 9 and 47*, 
was decreased from 14'lHxlO -0 to 14 J {i9xlO 1 by raising the press, from one to 
1000 atm.; and between IT 9 and loo", frem lO^Oxbr^to lb 25xlO _s . F. Webren- 
fennig found that by beating and rapidly cooling a copper red 18 metres long and 
55 mm, thick, it exjlanded 3 ■) mm. permanently in length, W. Stahl gm* for the 
corf, of cubical expansion of purilied molten cupper U'000054; and fur cupper 
after refining by poling 0 j d00O43G, The difference is attributed to the absorption 
of gases. 

The thermal conductivity of c&ppcr is rather less than that uf silver or of 
gold. According *to G. Poloni, 2 * if the conductivity of gold is I <mfj p that of 
copper js 888; G. Wiedemann and K. Franz give that of commercial copfwr 
732 when silver in 1000, and L. Lorenz gives fi'7198 absolute units for the con¬ 
ductivity of copper at 0°, and U 722(1 at These numbers represent 

the amount of heat in cats, which is conducted per second across a plane one cm. 
thick and one sq* cm. sectional area, when the difference of temp, on the 
two surfaces of the plane is 1°. H. F, Weber gives 0'8190 ; W. Scbaufdhcrger, 
0*9382. According to C. H. Lew (1908), the thermal conductivity at —IGO 9 is 
1079; and according to W, Joger and H. DiesBdhorst (1900), at 18 9 , 0 918; and 
at IOC 4 , 0*908 cal. per eccond per degree per sq. cm. E. Schott found for copper 
crystals at 0°, 4'lxlt) UG.S. units; and at ^2G2'6° t 4*lx3F0 0.G.S, unite; 
far commercial copper at if and —251", the numbers are respectively 3'93xl'0, 
and 3*93x33*4. A. Mitchell, E. H. Hall, ti. Glage, A. Berget, and others have 
also studied this property of copper. If A be the thermal conductivity; D the 
sp. gr.; and C, the sp. ht. r then Af/ic~a a represents the thermal conducting capacity 
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atO*. K, AngBtrBmfounda 2 —llti3; at 18°, E. Gruneiscu found 1 144, and W. Jagor 
and H. DiesBclhorst, 113; at 75°, G. Glage obtained 1 15 ; and at 1U0“, W. Jager 
and H. Dieeaelhorst found 10&! For a phosphor-copper 0. KirehhoS and G. Hanse’ 
mann obtained a 2 -050GG at 15 c . A. Rietzsch found that the presence of phos¬ 
phorus and arsenic aa impurities diminish the heat conductivity more than they 
do the electrical conductivity, L. Lorenz found the thermal conductivity to he 
proportional to the absolute temp,; R. W. Stewart found at 9 C \ the thermal con* 
ductivity of copper hi riO(l-UtXX)u3P) r TY, Jagcr and H, Dieaselhorst gave 
O + O0O2ti for the temp, coeff. of the thermal conductivity ; K. L. Hagstrom gave 
0 h 00064 ; 0, (Jhwolsnn, 0 () 4 3fty ; ami L, Lorens Otl 4 38y. P,*VV H Bridgman found 
the thermal conductivity of copper decreases linearly with press. 

The specific heat of _ copper was measured by P. L. Dulong and A. T. Potit, 2 - 
and they found between 0° and 100^, ami 0 1013 between o J and 300 CJ , The 

sp. ht, increases with rise of temp,, and the metal thus offers an increasing resistance 
to a rise of temp, the higher the temp. Numerous determination* have been 
made since then by H. Kupp, H. V. Rcgnault, H. Buff, TI, TomlinFflnu A. Bartoli 
and X. Straadati, W, A, Tildcn, P. (Jalv-Ache, U + Bchn, etc. According to 
G. W, A. Kahlbaum, K. Roth, and I J r Siedler (1902), the sp, lit, of pure distilled 
cupper is 01 $272* and after corn passion at tiOUOatm., I)'092ftft. The, sp, hi, increases 
with rise of tvwjwmture* H. K Schmitz (1903) found that the ap, ht, between 
— 192° and 20° to lie U 0798 ; between 20° and 100°, 0 093ft ; and U. J. J. le Vcrncr 
obtained the value 0'1U4 between 0" and 3ftU° ; U'125 between 3fto y and 580' ; 009 
between 580“ und 780*; and 1TL8 between 780° and 1000°, J. ifc-war obtained 
4 J f 024F> for the sp. ht, of copper at 50° K, or —223", W. Nernsi and K. Korcf have 
determined the sp. ht. of copper at low temp, showing that the tip. ht, t and hence 
ubto the at. ht, ( approach Eero at absolute zero : 

-l£SH h -'2£&* - L7J* -123“ - -1*3* * O n 

Wp. ht, U J 11UU77 (HKJOH (HXiUU O07M 0 OHM UftHltf n -01100 

at temp, ahovo U D » the values for solid copper are : 

5U 3 IHO" 1!0LI J 4(0" .MHJ" mi *y’ |rjmr |Uita D 

Hp, ht. . u ou:u oontti uumtf 000*0 o i j j n o mho o our, u vzn 

The up. lit. of OU'87 per rent, copper, at B \ between 0° and 50°, may be regarded as 
a linear function of the temp., ami may be represented by U'09l7+U'0(XX)48(d—2JV), 
F. Witet, A, Men then, ami K. Durrer give nioo79^fu OOOOOU10, between IJ“ and 
11*84°; and-0'-J1f)U+il-ttX)J312tf between 1084° ami 1300°. E. Btote gives 
0119580 for the mean value uf the sp. hi. between IT" and 217 1 ; F. Glaser,01172 
for the am ht. at tho m p. ; and A. Naccari, O'OSIl^bn+OO^l 258(0—17) at the 
temp. 0 between U and 300 ,, and II. ScbimplY, t> H (^>IS>9(5-fc-U 0000228515(0^17) 
-O'UOUK *02032(0—17)*. E, Gruneiscn found that the change in the sp. ht, of 
cupper with pressure ia — dCJC w .dj)~ 0'35\ 10 n kgrm. per sq.Vm. Thi? sp. ht. 
and the density suiter changes of about the same order of magnitude with changes 
til proas. The n>etT, of expansion and sp, ht. undergo changes of approximately 
the sam#magnitude down to about ™ 19o l \ W. H. Keesom and II, K, Onnes liave 
carried the measure merits of the sp, ht, of copper down to 1473“ X. or —258 5°. 
F* 0 laser gives OT55ft3 for the ap, ht. of molten copper at 1U84 IJ . The 
corresponding atomic heat rises from 0 h U3llij at -258“ to 5 78 at 0°, to 808 
at 1083°; J. Dewar's value at —223“ is 15ft. P. L,*Duloiig and A. T. Petit’s 
constant is ft l 02 ; H, Y + Kegnault found 5 93 for hammered copper and 6'04 for 
annealed copper. 

It. B. Guyten do Morveau (1799) 211 gave 121)7° for the mating point of copper; 
J. F, Daniell gave 1398“ \ ^nd J. YioUe, 1954°. A. vop Jliemstlyk said that the m.p. 
of copper is higher than that uf silver, and lower tl&n that of gold. The early 
determinations arc erroneous. According to C. J, B, t Karstrti h a nunfber of dull 
stellate spots quickly form on the yiirror-like surface of molten copper, and as 
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quickly disappear; these phenomena probably represent the formation and disso¬ 
lution of cuprous oxide. He added that copper with cuprous oxide in soln, twn 
more readily than purer copper, but it does not formteo mobile a liquid, and it docs 
not solidify so quickly. Accordingly, if the metal be melted in air, cuprous oxide is 
formed and (Jjssotyed by the metal, mid Jthe m,p. is accordingly lowered down 
the eutectic indicated in E. Heyn's diagram, Fig. 24, In harmony with t.lm 
L. Holborn and A. L. Day reported that the m.p. rises from lGti4'9° when melted in 
air to 1064° when air is excluded. The m,p. ia also altered by the presence of other 
metals. J. K, Clement gives lU80'2 fl ± l.T 5 ; and A, L. Day, It, B t Shaman, ami 
E. T. Allen give 3G82 Nj c ±0'8° for m.p. of the pure metal; K Rudolfi found 1083 ; 
15. Tiedc and E. Birnbrauer, H>8 5°: F, Wust and co-workers, and T. W. Richard a, 
1084°; and C. T, Heycock and F, IL Neville, 1081°. The beat ropresentativi' 
value is 1083®; this is in agreement with the lists of L. I. Daua and P. D. Foote, 
and K. Scbeel; W. Guertler and M. Pireni give 1084° for the best representative 
value. J. Johnston has shown that the relation between the press, p and the m.p 
of the metal at the temp, 6 is p—9&1AD log [Tj8), where A denote# the heat of 
fusion per gram, T , the m.p. at ordinary press. on the absolute scale. For copper, 
p=95Tx43x893 log (13DG/P); at ordinary temp, copper will therefore melt 
when the press, is about 24,(XX) atm, \ and the m.p. of copper is depressed 
1:155/(413X43x8 l 9. h l)=0'<iHfi fl per additional at,in. It. Wright and 11 r G. Smith 
allowed that very finely divided cupper shows wigutf of sintering considerably 
below its m.p. 

According to G. J. Meynr, a copper wire 4 mm. thick melts in 130 sacs, by the 
passage of -5CX> amps., ami a 3 5 mm. thick wire in 48 sec#., and L. Lincoln found tlmt 
if the current strength be represented by V t a copper wire of diameter d melt# when 
V ^I'lld 1 ' 7 !--^ i and W. H. Preece gives V -td\ where a depends on the length «f 
the wire, briiig,80 if the length ia 3 mm., and 70 if it be 150 mm. G. Matignon a mi 
It. Trannoy found the melting of copper wires In ammonia or alkyhamilie vapours 
ia probably preceded by the formation of nitrides. Plane clean surfaces of two 
cylinders of copper were found by W. Spring to be welded together after heating fur 
8 days at 403", and the metal can be readily brazed under microcosmic salt, borax, 
salt, etc. C, J. B, Karsten noted that molten copper expands on solidification, but 
if the metal has a large proportion of the oxide in soln,, the e tfpansmn doea not occur ; 
and the addition of 01 per cent, of potassium, sine, or lead ia likewise sutfidenf in 
prevent expansion on solidification. G, T. Haycock and F. H. Neville studied the 
lowering of the f.p. of cadmium, tin, lead, and bismuth by copper, 

C. M. Desprctz noticed the volatility of copper in a stream of hydrogen, at a 
white heat - and copper may be boiled in the oxy-hydrogen flame. A. von Riemadyk 
could detect no volatilization of the metal below its m.p., but 0, Zenghelis 
detected signs of volatilization at ordinary temp., 15 Tiedc and E. llirnhriiuer, 
at 960 s in vacuo; and AV. Spring, at 400''. Ji. Blondlot suggested that 
tile volatilization at a bright red heat is due to the formation of a jiUrith 1 . 
C. A, ‘Mahoney found that if sodium chloride lfl present the volatility of copper is 
augmented ; and J. Roskcll found a loss in assaying due to the formation of volatile 
pm ducts when copper ore is fused with fluorspar and borax. H. Moiw&n and 
A, J. P. G’Fnrrelley found that when allcvs of lead or zinc with copper arc heatiil in 
the electric furnace, the more yolatile lead or nine js rapidly distilled olT leaving <;om- 
paratively pure copper ; tin is not eliminated from a tin and copj>er alloy bo readily. 
H h Moiosftn distilled JjO grms. copper from an electric furnace running at 300 amp*, 
and 11IJ volts; in fi min., 160 grins. were distilled; and in 8 min., 23’3 grins. 
C. R. Groves and T. Turner, W. E. Thorneycroft, G, D. Bcrigough and D, E. Hill, 
J. Johnston, T. K. Rote, and W. H. Bassett have studied this question in more 
detail. A, Butts found the volatilization of copper in wire-bar furnaces to he quite 
appreciable at 1120\ H. Mowsan and T< Watanabe found the boiling point of 
copper is above that of silver. Owing to experimental difficulties, it bos not been 
found possible to determine the b,p, very accurately ; 0, Euf and B, Bergdahl 
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gave 3306° at atm. pres*.; J, A. M, van Liempt, 2282 e ; C. F4iy, about 3100°; 

E. Tiede and E* Biinbiiiuer, 2000°; and H. von Waitenbevg, over 2300°. 
H. C. Greenwood found the ,H b,p, of copper to be 3310° (760 dud.), and the effect 
of prow, en the b.p. of copper is similar to that of mercury such that if and 
JZY are respectively the b.p. of copper jnd mercury at 1 atm, pres^., and T t and 
T$' their b.p, at same other press., those four magnitudes are so related that 

zvn-TiVr;, 

H. C. Greenwood found the vapotu pressure to be 1 atm, at 2310 ; 0'34 
atm, at 2180°; and 0 13 atm. at 1990 c ; or, the vap. press, p mm. of mercury at 
T° K., is given by log f— 14—16400T -1 . Hence, the vap, piftsa at the m,p, is near 
0 001 nun, 0, Ruff and co-workers observed the vap, press, 124 mm, at 2105 s ; 
209 mm, at 2175°; 300 mm. at 2215°; 404 mm. at 2245°; and 752 mm. at 
2300°, J. A, M. van Liempt represented the vap, press. log 1(l p——SSfJOOT -3 
+9 20 for p in atm.; this gives Tiuufcoks constant 43'12. .1, W, Richards gave 
logioP^^EilSOT - H 9G4. A. Hcnglcin compared the vap. press, formula for copper. 
The vap. press, of mercury at lib" (388° X,) is approximately 1 mm,,and hence copper 
at 1300° (1373° K.) will have the same vap. press, since the b.p, of copper and mercury 
arc respectively 2583" K. and 630° K. J. H, Hildebrand gives log />——14600T -1 
+7 + 8G-f-log 4f>5 for the vap. press, p in mm, of mercury ; and J. Johnston log p 
=—164007’’ 1 4-9 14 1 and for the temp, at which the vapour is ltr* mm,, 1080* ; 
1 mm„ I&20 6 ; 10 mm,, 1740°; RX> mm,, 2030"; and TG0 mm„ 2350°. According 
to F, Kraft, with (cathode rays in vacuo, vaporization begins at 1090°, and it is quit* 
fast at 131 ; R Kraft and K. Rcrgfeld say that under these com lit ions vaporization 

logins at 9fiO ft and the metal boils at HXM> D . E. Tiede and K Birnbrauer distilled 
3 gru(p. of copper in ll) min, in a high vacuum. According to L, Hamburger, the 
thin film of copper deposited on the walls of the vessel in which the metal is heated, 
is a network of ultramicrons. M. Knudscn has studied the condensation of the 
vapour of copper on dean glass and inii-a surfaces; below 350^-575^ all tins vapour 
\* condensed, and above that temp, an appreciable fraction of vapour is not con¬ 
dens'd on the surface. 

The latent heat of fusion L can be calculated from E. lfcyn’s data, and J. H. van't 
HotT'a formula ! t ^Q'Q'2it'T-/fM oak per gram, where / denotes the lowering of the 
m.p., when if grins, of the solute of mol. wt, M are present in ltf> gnna. of the 
metal; and 7' denotes the absolute temp, of fusion. The result is 38 cals. 

F. Glaser found experimentally 414 cals,, h\ Wiist and co-workers found 
4097 cals., J. W. Richards, 43'3 cals, ; J. Johnston guve 75 Cals, per mob; and 
T. W. Richards 8 kilojuulcs per gram atom, or 30 cak per gram. J, W, Richards 1 
est imate of the latent heat ol vaporization ia 858 cals, per gram. J. A, M. van Liempt 
calculated from 0. Ruff and B. Bcrgdald's data, 12<KWiJ cals, for the latent heat of 
vaporization at the b.p. 

According to E. Priwuznik,^ if copper dips in a neutral soln, ol cupric chloride 
it is blackened by exposure to light, and 0, le Bon adds that tile metal is sensitive 
only to rays of shorter wave-length than 0 252^. J. Waterhouse believes that the 
effect is conditioned by the formation of a film of nllotrapic copper. Copper, free 
from rtidium, wne found by N. R. Campbell to emit a peculiar radiation carrying a 
positive charge, W. J. Russell mid A. Colson detected & very slight action of the metal 
on a photographic plate such that, the sensitive surface is darkened when the plate 
is developed, A. Colson found also that air in the vicinity of some metals acts in a 
similar way, and he attributed the photographic actifity of metals to the aotion 
of their vapours. W. J, Russell supposed the active agent to be hydrogen peroxide 
because of the perfect analogy between the effect, and the action of hydrogen 

r ttxide; B, von Lcogycl looked upon hydrogen ae the active agent; and 
H* Vincent showed that some inactive bodies become active when treated with 
small quantities of ozone. F. Streintx and O, Strohsehneidpr could detect no action 
of copper on silver bromide photographic paper, or on potassium iodide paper. 
R. Kmden found a dark grey radiation begins at 415 c / 0, B» Thwing found that the 
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radiation from molten copper is haH as great as that of molten iron, and about f) H of 
that emitted by a black body, P + Desains and F. Curie found the beat radiattem 
from copper at 150* and at 300* to have a maximum intensity for wave-length 
ODG400, The respective intensities for an incandescent platinum lamp, copper at 
300° and 150°, wore 5785, 33, and 2 for a,wave-length of 01)0186; 2123, 60, and y 
for a wave-length of 01)0400; and 225, 26, and 6 for a wave-length of D'00700, The 
heat radiation has also been studied by D + McFarlane, and H. Knoblauch, 

Copper takes a fairly high polish, and reflects well, P. Drude ** found that copper 
is the most transparent of the metals for sodium light, H. Rubens found the 
reflecting power of cdpper to be stronger than that of nickel or iron, and changes 
quickly with changes of the wave-length of the incident light. 

According to P. Drude, there arc two constants which characterize a metal 
optically—the refractive index p, and the absorption index k The latter is defined 
in the following manner: The amplitude of a wave, after travelling one wave* 
length, Admeasured in the metal, is reduced in the ratio 1 or, for any distance 

f, 1; where ftk is called the extinction coefficient Again, plane polarized 

light reflected from a polished metal surface is in general elliptically polarized because 
of the relative change in the difference of phase between the two rectangular com- 
]H>nents vibrating in and perpendicular to the place of incidence. For a certain 
angle, the angle of principal incidence, the rhflngo is 90°, and if the plane polarized 
incident beam of light Las a certain azimuth, the angle of principal azimuth, 
circularly polarized light results, A selection of these constants for copper is 
shown in Table IV, which also includes the percentage reflecting power R of copper 
in air, that is, the ratio of the intensity of the reflected ray to that of the incident ray, 
fur light of wave-length A. P, Drude and L, F, Wheeler studied the reflecting power 
of copper in water, alcohol, nusia oil, and carbon disulphide. 1, (J, Gardner 
measured the jeriuetion coeff, in Schumann's region of the spectrum. A, Kundfc 
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gives U'(£ for the*index of refraction for white light; for red light, 075; and 
for blue light, 0 95 ; P. Drude gives for yeltow sodium light, 0'H ; and O'flfl 
for red light; and £. van Aubel gives for the /Mine of the solar spectrum 2'63, 
J. H, Gladstone gave for the refraction equivalent (p—1)/D^0I84, and A{p~l)jD 
—117, where A is the at. wt. of the metal, W, J. l’opa gave 13'52. A. Schrauf 
found the refraction eq. for molten copjrer to be O 03876. The above scheme also 
contains a selection or interpolations from E. Hagen and H. Ruben's values for 
reflecting power R of the metals expressed in per cent, of the rays vertically incident 
on the reflecting surface, tfhe relative omiffivitief of copper at 20° by J. T. Tate 
and at 1090 s , 1127°, and 1174° by C. M. 8tubba, for different wave-lengths* A in 
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According to G. K> Burgess and R. G* Waltenburg, the emissivity of a maas of copper 
0*01 mgnm, area 0'25 nun., and thickness l)(JG5 mm., is 033 for red light A—; 
and 0*38 for A=0'55/i; and it in for light of wave-length Q 65p f 0*10 for solid 
copper, and 0T5 for the liquid; similarly, for light of wave-length 0*55p, the 
#missivlty of solid copper in 0'3N, and of tjie liquid 0'3G. According tq 0. C. Bid well, 
C. M, Stubbs, and (i, K. Burgess and R. CL Waltcnburg, there ia practically no 
temp, variation of the emissivity between SO 1 " and 150U° t The selective emiasivity 
is evident from the strong absorption and emissivity at the blue end of the spectrum. 
H. Lubowsky and F Henning also measured the emissivity of copper, M. Faraday 
not'd the polarisation of thin films of copper prepared by electrically deflagrating 
tic wire in hydrogen, ih Fogany measured the Faraday effect, that in, the rotation 
ol the plane of polarization of thin films of tapper. 

The photo-electric action in which the metal loses a negative and acquiree a 
positive charge when reposed to light, was found by W t Hallwaclis 20 to be the same 
with a copper plate polished with turn and with coarse emery. The attempts which 
have been mode it) arrange; the metals in the order of their photo-electric activity 
have given very ditTrrent. results in di Here tit hands—E h Ladenburg, W. Ramsay and 
,T. F. Spencer, K h Herrmann, jmd K. A, Millikan and G. Winchester. The latter also 
measured the positive potential assumed by the metals in vacuo under the influence 
of ultra-violet light, ami found ; 

Ar, IV. Au Cu M. MB. Al. Sb. Fb, 

P 340 Mas Matt o073» 0-394 lm o-ot 

* 

0, Stuhlmaim fmiml the photo-electric effect of a beam of ultra-violet light is I'Ofi 
times greater after it has pa&sed through a thin film of copper. W. Freeo found 
the photoelectric Hensitiviuietw of copper is not affected by treatment with water 
or ulenhol; but oxidising agents generallv im [ease ihr sensitiveness and reducing 
agcntH decrease it., The uWrptmn ami retLedbui of cathode rays by thin plates 
of nipper has been stilt bed by E. Warburg and S. Williams, The X-ray 
Slier truth has been studied by A Duvallmr, F K. Jtirhimver. E. Hjalmar, 
E. 1L Kurth, etc. The m turn »f X-rays bv .1. H. Gladstone and W. Hihbert, 
W. Duane and F. Mhimimi, A. Hebert anti (1. Ueyrmud, D. IIurmuKesou, A, Yoller 
and ti. Walter, and T, I H <H»k±n^y ; of radium radiations 1ms been investigated by 
J. A. McClelland ; and nf Hertz waves by J, R, von Geitler, G. W. C, Kaye, 
and G, tt. Jhnimn have studied the X-rodktiutis from copper. J. Chadwick 
measured Ihc niltdeur charge of the atom. 

Accord irig to AV. 1L Bragg, the stopping power a of substances for the a-fajs 
is approximately proportional to the sq t root of the at. wt* A f and for copper, 
ami \/d -7'tt7 + II* li. vmi Traubenberg found the range of the a-paiticles 
in copper to Ik 1 1H ItX 1<) "* cim J, Grow the r found the ccefh of absorption p for the 
p-rays is approximately proportional to the sp, gr, D t and for copper, fijl)=0 m 8* 
According to A. 8, Russell and Y, Roddy, for copper up to 7*6 cm, in thickness, 
and brass up to 6 86 cm. in thickness, the coefh of ab&orptiou of copper for the 
radium rays is p O h ^nt ; and of brass, /a--O' 32$; for the mauium rays, fi is 
respectively W41G and iKtog fur copper and brass; for the thorium-D rays, /i is 
respectively 0 2!U and 0271 for copper and brass; and for mesothoriuni rays, p is 
rvti}HH'tivelv O’375 and iv:tf)5 for copper and brass. I. G. Barber studied the emission 
of electrons from coppr surfaces. K. Rutherford and J. Chadwick obtained little 
if any evidence of the emission of long-range a-par^icles, or charged hydrogen 
atoms, when copper is exposed to a-rays frum radium C. 

R. Boylo {liiKi) - 7 noticed that a flame is coloured blue or green by a eoln* of 
cupric nitrate. (\ Tj. Rtmrdelin (1750) also mentioned the eoloration of the alcohol 
llame bv copper. A. 8, Marggraf (1765) used ropyer.salts lor making green fire ; 
and B. Higgins (1773) made observations in the Same direction. According to 
J. Fonuanok, 18 the flame spectrum of cupric chloridj has green lines*A— 5SU7 and 
$366, and blue lines A=4437, 44EJ, 4332, and 4354. According to W. Lanzrath, 
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the strongest lines in the oxy^oal gas flame arc ^=3274 and 3247. When a bead of 
cupric chloride is introduced into the Bunsen flame, a yellow patch of light with a 
reddish fringe appears; this in turn is bordered with a blue colour, which is sur¬ 
rounded by a green colour. As soon as the cuprio chloride is all converted into 
oxide, the blue, colour disappears while the,green perwsfca. If hydrogen chloride b<a 
introduced into the flame, the blue colour is restored. Copper and cuprio oxide give 
the spectrum of the chloride when hydrogen chloride is introduced into the flame. 
The spectra of the oxide and chloride of copjior, due to W> M + Watts, are shown in 
Figs. 13 and 14. They arc usually superposed one on the other in the same hiper trum. 
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Hence, argued A HutifhcJlri, the grccti mJuiir h produced by copper oxide, the blue 
by copper ( blonde, and llie yellowish-rod colour by metallic coppur, at a temp, not 
high enough to produce itsf-lmwteriulii 1 Kpetdrum, A. Hnutlidla and W. !)♦ Bancroft 
and H. B. Woiwr obtained a deport of copper by holding in the flame glares or 
porcelain basins cooled wjUj water. The L^t-mmcd concluded : * 

Cupper eliloriiJn niErodLirvd mio ihe EiuHN L u (Liiinn by n pbUmuni wire givrtH Iiulfl blue 
fringed with gmv+ ”ivm. Thrjv is a dilfijne r vt\ coloration Ihmugh tho flame and I'apechflly 
ul the tip. The bruimdn und ludnlo nf crupper ^ivu a niuiiW colorat ion except that thvru j.h a 
iL'fiticiiL.ty low til'd greruiMh-bluo jii Hi# inner lotion. Cuuluig a flame coloured green by Cupric 
rblonde ipces a blue jii tlm cuolrd ivgujji. \ Hhtmu coluurrd with an oxettm of copper 
rhlondu giVi-H ii ^pi'L'Irum llial iliUer* from that obtained with llio nitrate, Hulphate oroxido. 
A part of this difference l-i 1 1 no to the coloured vapour* of the ehiorido itself. L'Oppur salt* 
dissociate m the jlmne.imd I ho KiiLnurpirnl oxidalum mi»L important m pmiluring the 
lnmim'soenco. Cuprie oxide i* ytuUo under the coiuhtionu uf the Uupxen flame, Cupper 
VHjKHirs imp Ait l(j h go* fie in e or a hydrogen flame mi mlmao gms*-grm.m colour. Copper 
powder sprinkled mtu tile gun flame, lho hydrogen flume, or tho carbon monoxide llauw^ 
colours it mi mmi-H- jznihH giet-n. Copper burns m chlorine with a ivd glow. When chlorine 
ix imp insert mi molten eopp^r, the cupric chloride vapour* above it uru violct-rcd m colour. 
AnjnMen of eopprr chloride in a carbon immuxido flame colour* it blue, A jot of hydrogen 
impinged o;i it givi^gii'i'ii at the point of contact. Copper in tho hydrogen flame burning in 
chbrJiio give* diji'Uy blue with pm edge of reddinh.brown. Copper in tho clflorino flame 
biimmg m exccas of bydiugeu chiefly green Copper chloride in Lho llama of mr 

bunding in hydrogen tm* gnvm There ia a ruddy colour in Uio interior of the copper 
flame, particularly marked when the flame ih made strongly reducing. 


Tlwy also suggest that the green Juminesucucti is due to tho coppere>cuprous iou 
reaction ; the red luminescence tu the cuprous jon-»ouprous salt reaction ; und the 
blue luminescence to the cuprous ion*->cupric ion or salt reaction, W> N, Hartley 
found that cupric oxide in the uxy-hydrogeu flame gives two copjrcr hues, untFu fine 
band spectrum, Fig. 13. (J. Fredenhagcu obtained the cuprous chloride or bromide 
spectrum by warming the compound in a Guissler a tube and passing an electric 
iliscbarge. A, Gouy obtained tbe spectrum of copper by spraying cuprous chloride 
into the Bunsen flame. According to K. Capjx>] f tbo sensitive ness of the spark 
spectrum is seventy times thal of Bunseu T a flame. B. do la iioclic studied the oflect 
of reducing gases on the spectrum of copper 

The emUsiou spectnup in the electric arc in vacuo gives prominent lines of wave¬ 
length 3248 and 3274 in tho ultra-violet; 4023 and 40G3 in tho violet; 510&543, 
&1&3 251, and 5218 202 in tiie titan; and 5700 000, &782t$O f and 5782-159 in the 
yellow. W. DufioltJ sWlioQ tbo effect of prow, on the arc spectrum of copper. 
The spectrum in the ultra-violet i* characteristic. There is a large number of hone 
vol. in, * * a 
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£&$he spectrum of copper. 444 lines between A—4704'8 and 2105 have been recorded 
bv W. N. Hartley, &. D. Liveiug and J. Dewar, A. de Gramont, F. Exner and 
E. Haschek, L, and E, Bloch, etc. The arc spectrum of copper though so much 
rioher in lines than the spectra of silver and gold, appears to be built on the same 
general plan- This has been studied H. Kayaer and C. Rungg, W. Huppws, 
K. Hasbach, W. Randall, M. A, Catalan, J. R. Rydberg, ete. The spectra all 
show ft strong pair of doublets in the ultra-violet; a scries of lines in the red which 
are proved to belong to the same system by their Zeemann patterns; and a series 
in the immediate ultra*red With copper and silver a few other lines have been 
assigned to these two scries, but with gold none have been stAdlocated, F. H&ndke 
has studied the spark spectrum in Schumann's region: H, Kayser and C. Rungo 

J >ick out two triplets and six pairs of doublets, and suggest that the pair of lines 
l=3274*OG and 3247GG, which forms the strongest in the spectrum of copper, be 
regarded as the first member of tho principal series, and that the other com¬ 
ponents of the scries have not yet been found, but they probably occur far in the 
ultra-violet in Schumann's region. The pair of linen for 5782 30 and 5700*39 
belong to no known ^ scries. There in an associated series with tho two pairs of 
linos: 

A" l XiO».^3L r > < Ji O-13n50n'^-U)85(H)ft *; 3184D1-131150»' a -108!30fi0»“^ 


when 4, G, and G, Pig. 15, and another line A -3654 0, which does not fit this 
serins for #■=- 3 or u - 7, A second associated series with two pairs of lines : 

A“iXlll®^3iriyt'li^l24«10ft-*-440532ft-*; 318401 ~mW$tr 2 -iimZtT* 


with n- ± and 5, as In Fig, 15. W< M. Hicks has made a more elaborate study of 
the series s^etra! lines of copper, silver, and gold. A, Fowler has summarized the 

available data on this subject. 
R, A. Millikan followed tho ultra¬ 
violet spectrum to A —HO'D A,; 
^ ^ —— -1 J. 0. McLennan studied the vacuum 
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Km, Jti.—M atW Spcotrft oi Co[)]M‘r, arc Bpectrmn. The effect of the 

magnetic lidd lias been studied by 
J. R. Rydberg, ami by C. Hungo and P. Faschen, 

N. Lockyer and W. C. Roberts-Austen found that cupper vajiour gives a con¬ 
tinuous absorption in the blue. Thin sheets of glass coloured with cuprous oxide 
give a small absorption Dear A—5702 ; and glass coloured with cupric oxide gives an 
absorption in the orange-yellow and the red part of the spectrum. G, A. Hemsafech 
found the spectral lines due to thermoelectric and chemical excitation are of tho 
same typo. M. N. Baba mode observations on the ionizing potential of copper; 
and B. E. Moure, on the excitation stages iu the arc spectrum of copper. 

Tho electrical conductivity of copper is rather less than thaVof silver, and greater 
than that of platinum; and on account of the technical importance of copper wires 
or cables as conductors of electricity, the subject has attracted a great deal of 
attorition^* Remembering that tho electrical conductivity is the reciprocal of the 
electrical resistance of a cm. cube, expressed in ohms, when mercury at 0° has the 
value l’OftixUk' 4 ohms, copper has ft conductivity of 53*83 x 10 ~ 4 at 25°, and 
44*23 x JO" 4 at too*; and a specific reriltonoe* of 1/700x10* ohms per cm. 
cube at 25°, and 2'2fllxlO* ftt 100°, The Intem^tonal Electrical Commission 
of 1913 recommended the adoption of the following values for the electrical 
resistance of annealed copper at 20*: 0*017241 ohm {metre, sq, mm.}; 0*15328 
ohm (metre, gram); and 0*67879 microhm (cubic inch). The conductivity 
diminishes or the resistance increases as the temp..rises such that, according 
to A, Hatthieeaen and M. von Bose, the resutan& 4 £ at 0° when the resistance at 
0* is Ro U given by R^Rofl-O'OOSaTOlfl^'OOOotaoW 1 ); l Dewar and 
J, A, Fleming gave R=Rq( 1+0 004380}; the standard of the Ferbanrfer draftafter 

* 4 
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Ekkrotvchnibr is tf=J^{l*fO 004d); and L- Benoist gives E( l+00030370 
-h0"000000587ff a >, E, F. Sortbrup’s values for the electrical refurtan™ of copper in 
microhms per cm. cube at high temp, are : 
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0* W. 0. Howe has studied the electrical resistance of multiple-stranded wirm 
According to E. 3, hard well, the electrical conductivity uf copper wires incnwH 
slowly with the temp, of annealing up to end 

a rapid rise then omim as the annealing ... 

reaches 43U C , after that there ia very little change 
Up to 050* when the rondurtivity falls very ron- 
sidembly owing to the deterioration of the metal. 

A, Jj. Feild calculated the resistance of 
copper at 20° to he 12 G7 micro-ohms per c.e. The 
resistance diminishes rapidly as the fatnpemtufe 
falls and approaches zero Inflow —200°, os illus¬ 
trated in Fig. 16. J h Di'wnr, J. A. Fleming, and 
H, Dickson have given data for the rousts nee of 
copper down to — 205°, and V. Nictolai values 
for the resistance of a cm. cube in ohms. 
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The temp, resistance curve for silver nits that of copper below — 7 CI 10 , when copper 
has a greater resistance than silver. L. Holborn gave (J'()0433 for the moan coefif. 
per degree between tr and luu u « R. Schott gave for the electrical conductivity of 
crystals of copper at f>° and —5!55!*W“ ( respectively 521xl0 4 , and 521x834 xlU 4 
C.G.S. units; and for cumniereial copper, respectively tJfl’OX lO 4 , and 03x48x10* 
CXLS. unite. 

E. Wartmann and 0. D. Chwolsou found that tin; resistance of capper is increased 
by pressure. P. W. Bridgman found the olei trieal reaiHtance of cupper to be 
influenced by the press, such that 
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This givea a temp, coefl, 0 004203 for 9U a 3U5 per cent, copper ; the result, is a shade 
higher than 0 00428 of W. Jagerand H, Diewdhorst for copper with 0 05 ]>er cent, of 
zinc. The press, ooi-ff, at 0° was —U OjSOUb, while R. Luteirs value is mj*j 6 187. 
A. Metthiesaen found that the resistance does not change by the passage of feeble 
currents, but W. H, Precce and F. Larroquo found it is increased by strong currents. 
E. Lax studied the effect of itieShamcat stresses on the resistance of copper. Accord* 
iug to J. Bergmann, the resistance of copper depends on the structure, and H. P + Brown 
showed that it is influenced by working the metal. Hard-drawn copper was found 
by G. W. A, Kahlbaum and E, Sturm to have a greater resistance than annealed 
copper since the resistance of & wire 4'2fi m. long and 0‘27 nun. diameter was 
V00953 ohm in the first cose and 1*00321 ohm in the second. For electrolytic 
copper at Q*, the specific reaistdbfce of hard wire is l F 603xK^ # with a temp, ooefi. of 
0'00406 betwfen 18° apJ 48°; and of soft wire, P563X10 -6 with a temp, coefl. 
0*ti041(S between 18 9 and 4*F. h. de Haiehi, H. Tomlinson, J. Hopps, and 

■ * 
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A. Mousson found that the resistance of copper wire is increased by stretching* 
J, and A. Bid well reported that vertical wire conducts better downwards than 
upwards; G. Ercolini, that the twisting and untwisting of copper wire increases 
tho resistance; f Jr b. Grunmach, tliat the resistance increases by transverse 
monetization ; and 13, Habat, that tho resistance is increased by exposure to 
radium radiations. 


The influence of impurities on the electrical conductivity is so marked that 
quantities alnirat inappreciable by chemical analysis raise considerably the electrical 
resistance. Lord Kelvin and P. Drudc investigated the decrease in the conductivity 
of copper by melting the purified metal in air. According ft) A. Matthiesaen, this 
phenomenon does not occur if lead, silver, or tin bo present, because these metals 
retard the formation of cuprous oxide.. Gi-ncraily, the presence of impurities lowers 
the conductivity of the metal, and tliat, an -1. Dewar and J, A. Fleming showed, 
particularly at low temp. U. Kamensky found the conductivity of copper is reduced 
if antimony he present; A. Matth lessen and M, Holzmann that phosphorus, arsenic, 
or iron acts in thesime way ; and L. Add irks, that the presence of 0 H 0013 per cent, of 
arsenic, or OLKI71 per mil.. of antimony, lowers the electrical conductivity of copper 
1 per cent, os illustrated in Fig. 17. He also noted that oxygen is inclined to raise 



ft'r i ent imparity 


the electrical conductivity as indicated by the 
dotted line, FEg. 17 ; in this case, the oxygon 
possibly itfiU* by oxidising the impurities. 
W* H. Mordey studied the effect of arsenic; 
and J. 0, Arnold and J, Jefferson that of 
bismuth. According to the latter, bismuth 
acts by forming small crystals which offer a 
greater resistance to the passage of the current, 
J* Dewar and J, A r Fleming studied the effect 
of aluminium; 1C. Feussner and S. Lindeck, 


ETio. J7.—KlTert of ImpuritiM on tho that of manganese; and E, liranly, that of 
Kbutriutd Uumiuutmty of Copper. ^inc* The presence of one-eighth per cent* of 

magnesium is said to improve the conductivity 
of cast copper. A, L, Williams and J* C, McLennan found that when fused with 


mica there is a marked fall in the resistance with a rise of temp. 

Good conductors of electricity are in general good conductors of heat. In 1852, 
G* Wiedemann and It. Fruuz 30 discovered empirically the interesting relation that 
the electrical conductivity of the metals at 2(1° is approximately proportional to their 
thermal conductivity; otherwise expressed, the ratio of the thermal to the 
electrical conductivity of good conducting metals has always the same value 
when the temperature is constant—Wiedemann and Franz’s law ; meaning 
that the ratio of th« thermal to the electrical conductivity is a universal constant 


and independent of the nature of the metal. This rule has been found to bo valid 
for silver, cupjmr, gold, sine, tin, lead, platinum, bismuth, and for a numbdr of alloys. 
A. W, Porter and F, Simeon showed that with sodium and mercury tho ratio holds 


quite well when carried through a change of state, for while the thermal conductivi¬ 
ties ohongp abruptly in passing from the solid to the liquid state, their electrical 
resistivitieB likewise increase abruptly on fusion. Similarly, E. F, Northrop and 
F. R. Pratt compared bismuth and tin under like conditions; tho electrical resist¬ 
ances of those two metals change abruptly in opposite directions on fusion, and they 
found, in agreement with G, Wiedemann and II, Fraxz's rule, that tho thermal re¬ 
sistivities likewise change abruptly in tho opposite directum. The results with iron 
are not so eatisf acton'. G.Kirchhaff and G, Hansemann consider that the disturbance 
is connected with the magnetic properties of iron, but E, Griineisen showed that the 
exceptional behaviour of iron is due to the impurities present in tho metal, Tho law 
holds exceedingly well for pure metals, less accurately for alloys, and not at all for 
poor conductors. How well may be gathered from^he comparisons id£ tho thermal 
and electrical conductivities of the^metals shpwn in Table V. 
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Table V.—Tmumial anu Uuictwcai CoNUTJrnviTijrs cv Some Mktai.b. 
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In I87li, L. Lorenz showed experimejitolEy that in many casea the tOl&pdCfttttTO 
variation ol Wiedemann and Franz’s ratio between o° and ]oo° u proportional 
to the absolute temperature : nr G. Wiedemann and It. Kraal s ratio Is equal to 
l /; or, if A denote llm thermal rojuim/tivity, and k the electrical conductivity, 
k\m The observed values for the constants an : 

Uojtpsr .HiLiuiuJuiu. rLnJmiwii, Iron. Tin. Lead. 

I 358 J 3'Jti l 3i;7 1315 J-saw J-m ' J 304 

More, generally, for flic nude Is r op per, silver, gold, nickel, zinc, cadmium, lead, tin, 
L Lorenz's temp. riiHT. i> appreciably coustunt within tho limits of experimental 
error W, Ah issuer showed tlsut the divergence* n[ cupper from the G, Wiedemann, 
It, Franz, and L Lorenz's law inmtw 1 aw the temp, is reduc'd. With platinum 
and palladium, both G. Wiedemann and K. Franz » ratios and tlm temp, eoaff. uro 
rather large ; with aluminium, G. Wiedemann b and K. Franz’s ratio is rathur low, 
and tho temp, met!. ral her large ; and with bismuth, t hi* run verso obtains, 
L l H. Lees found llutt I ho deviation from L< Lovn/fi l-'llIT i> rather larger at Iho 
temp. of liquid air than ,if ordinary temp, In a jienernl wuv cl rmiv ho said that 
alloys show confide ruble donations from both G. Wiedemann and R. Franks and 
L Lorenz's laws, although wilh mjiiim alloys tho two lawn apply very' well, The 
increase in thu ch'dricid n-M.-'l.niiT of soimi met;iln, *n\ silver, with the addition of a 
trai* 1 of impurity has not ln-cn explained by a decrease in the mini bar of mobile ions. 

1 A>rd Rayleigh has pointed out that, .n rim the I low of an (dec trie current from one 
mot til to another prod ue vs an absorption or development of heat at the junction* 
the Peltier effect- -the observed resistance of heterogeneous alloys will bo affected by 
the hind thermoelectric junrfitu^ in the interior of the metal. 

Table V seems to show that, the two effects are somehow related, and it 1ms 
hrrn assumed that both lir;it and clrelrifitv are conducted l;v the same agent, 
Miudv, rapidly ‘moving electrons assumed to he normally present in the glctal. 
With good conductors, the amount of heat, distributed by radiation and the dynamical 
action of the molecules is assumed to he small in comparison with that distributed by 
l he rap idly-moving electrons ;* and with poor ronductorw, tho amount of heat 
distributed by radiation and mol. motion is appreciably greater than with good 
conductors. Accordingly, Gf Wiedemann and U, Franz's ratio will bo greater with 
poor than with good conductors. 

The mathematical investigation of the assumption that the conduction of both 
heat and electricity in good con due ting meUds is effected mainly by the agency of 
free electrons, leads to the 1 ron^tasion that the ratio of the* thermal and electrical 
conductivities is a eoushfnl which is independent of the nature of the metal, and 
proportional to the absolute tamp. If k denotes the thermal conductivity ; *, the 
electrical conductivity; it, the gas rewtant; cf the electrical charge carried by a 
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univalent electrolytic ion; and T t the absolute temp,, then N. B. Campbell ha* shown 
from the electron theory of conduction that, at 18°, G, Wiedemann andR. FVanz’tr 
ratio, will be; 
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This Je in close agreement with the observed results \ and with the assumption that 
the deviation with poor thermal or electrical conductors is duo to an appreciable 
contribution to the thermal conductivity by atomic or mol^motions. Substances 
like quartz or paraffin wax, which are exceedingly poor electrical conductors, have an 
appreciable thermal conductivity— e.g t the thermal conductivity of quartz, 0 + 029, 
exceeds that of some of the metals. r 

According to H, Davy,two pieces of the same polished copper introduced at 
the same time into an aq. so In. of potassium sulphide, exhibit no electrical effect, 
but if introduced in sueccrision, there is sometimes a marked electrical effect—the 
piece of metal lirnt immersed in thi- liquid k negative, the other positive. Again, 
copper hardened by hammering is negative to roiled copper; a specimen of brittle 
copper, in which no impurity could be detected, was negative with respect to soft 
copper; and over-puled or under-poled copper, containing in the one case probably 
a little carbon, and in the other a little oxide, are negative to pure copper* The 
Volta difference of potential of two motala in contact, in air at about 18*, varies 
with the condition of the metal surface, and the nature of the surrounding atm. 
The following results in volts for copper and brass are therefore more or less of an 
approximation: 

• Zli tlual' 

O* C'ii Ft, Fbr Ft Bn Zti. gnm. Jlraia, 

Copper -0-37O - 014ft 0542 -0238 (V4Gft 07BO OWN 0087 

Hram , -0 414 -II m 0 0fi4 0 472 -02H7 0 372 0 070 U 822 — 


Theae results must not be confused with the o.m.f. at the junction of two metals in 
metallic contact, 

A, Walker found that copper filings are positive towards a copper plate if the two 
be separated with paper moistened with sodium sulphate or chloride ; and negative, 
If the paper be moistened with ammonia or dil, sulphuric acid, S, Marianint found 
that a polished plate of copper is positive when opposed in a soln* of sodium 
chloride to a similar plate which has been mode brown by heat; and A. Gouy 
and H. tiigollot found tin? potential difference is augmented when the browned 
plate is illuminated ; hence, H, Rigollot proposed to utilize the phenomenon 
to make an decfnichemirfil actinoinctrr. A. Pacinotti, W. Ilankel, and H* Pellat 
found that an illuminated plate of coppot is electronegative towards a similar 
plate in darkness, and if the illuminated plate has been oxidized, it is electropositive* 
W. Itamscy and J, F. Sponrer obtained an e.m.f, of 10 millivolts by illuminating 
one of two surli copper plates with ultra-violet light. 

E* Abel placed copper next to silver in the electrochemical series, and according 
to G 4 do Gverberk, a film of copper O’OOOOOl mm. thick suffices to show these dectro- 
chemical effects. According to H* Bufl, W* Hankisl, W. 3koy, R. B* Oifton, 
B, W. Gerlund, J. C. PoggetidorfF, and W* Ostwald, copper is negative in aq* potaa- 
aium hydroxide, cone, sol tv zinc sulphate (indifferent in a dil. soln.), aq* potassium 
hydrosulphido, aq, potassium cyanide, positive towards cupric sulphate soln., the 
haloid acida, and towards nitric, sulphuric, phosphdtic, formic, acetic, propionic, 
oxalic, and benzene sulphonio acids. H* Buff says it is negative towards water, 
W, Skey says positive. 

The e.m.f., B, of a metal in contact with a soln* of a salt of this metal is, according 
to W. Nernstk theory,* descril>od in the first volump:' 

B= M l 0 * T -»r h6P 
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irbere * represent# thv valency of the cation; p the osmotic prow, of the motel 
cation ; P=96,540 coulombs ; and P is a magnitude which is called the soln. press, 
of the metal, For copper, at 18*, ^=0'0577n _1 log w (P/p), If E$ he the potential 
of a metal at 18° against a sob, of a salt of the metal with a gram-ion of the metal 
per litre, and p* the corresponding osmotic press, of the ions, in the above cap res* 
non [RTjnF\ log P=E o when p-^po- If C and c denote the cone, of the ions in 
gram-ions per litre, 

* FT. C FT. „ HT . 

E ss „ Jog ; op, ,. log L — ,, log c 
nF c nF 15 nF * 

The ebctrolTtio solotion potential of an A*-#oln. of copper {oils), Cir-iona against 
the hydrogen electrode is reported to bo —043 volt by G. liudliinder; 33 —0 465 
volt by C* Injmenvabr; —l>"47tt volt by G. Bodlitnder and 0. Storbec k; and 
—0'487 volt by R. Luther; for an JV-soln. of cop|>or (ic), Uu'-ions against the 
hydrogen electrode, N. T. M, Wibmmre gives —te329 volt; W, Nernst, and G, Bod- 
lander giv# —0'34 volt; G. Bodlandcr and 0. Storhcck, —0 344 volt. G* Magnanini 
found the difference of potential in volts between sine in a normal soln. of sulphuric: 
acid and copper immersed in the given soln, containing M mols per litre, 43f-HgSO|, 
1 007 volt; M- NaOlf, <pm volt; H-KOH, IS-77U volt; JH-Na^Oi, 1013 
volt; Al'NaaSjjOb, 0388 volt; |l/-K 2 Crt> 4 ,01145 volt; Ll/-K s Cr a 0 7 , 1230 volt; 
IIZ-KuSOij 0'957 volt; LI/-(NH 4 )pS 6 4 , 1015 volt; ^V-K 4 FeCv a , not constant; 
[lifi7jl/-K a FeCv fll l-if>7 volt; ilJ-'KCNS, OWj volt; JH-NaNOtj, lUM volt; 
J4f-Sr(NOj) 2p 1030 volt; ^Mla^O^, 1(>9G volt; JMtNQs, 1'048 volt; 
iUMtClOj, i-053 volt; 0*167 Jf-KBrQ,, 1113 volt; J/Ni^CI,0812 volt; H-KF* 
ii'613 volt; JJ-NaCI, 0^809 volt; jl/KRr, H*73fi volt; jlf-KCl, O'813-volt; 
jM-NaoSGj, D'899 volt; M-NaOBr, with a (quantity of bromine was used corre¬ 
sponding to XaOK, l'O volt; dMartarie arid, 1045 volt; Jjl/-tartarioacid, 1109 
volt; £J/-potsfwium sodium tartrate. 1*008 volt. 

The potential of a normal calomel elec trode is —0 56 volt. N. T, M. Wilsmorc 
hence calculates that at 18" the potential of a aoln, of a copper salt, containing a 
gram-ion per litre, against a copper electrode, in —O'fiflG volt; it follows that the 
electrode potential is — OIKJti—0 0289 log 10 P, if the unit of press, be 23'9 atm., for 
this is the osmotic or soln. press, of the metal at 18"; and therefore log p—log 1 —0. 
Hence the soln. press, of copper in its passage from Uu^fV* at 18° is 3 XlO _w atm. 
This small magnitude means that metallic copper has but a small tendency to form 
cupric ions. Similarly, for a normal soln. of cuprous iom Cu-*Chr r at 18* 
—0-731 -=0*058 log {P/23'9), or P=24 X lte 11 atm. Hence, also, cuprous copper is 
more electro-positive than cupric copper* If the jwtential of the normal hydrogen 
electrode be conventionally regarded aa Kero, what has been called the absolute 
potential, under the assumption that the true potential of the normal calomel 
electrode is —0'5G yolt, must have 0 277 volt added to it to give the electrolytic 
potential.* Thus, the electrolytic potential of copper, Cu-vCu", is —0'606+0'277 
=-~0*329 volt, where the sign denotes the charge of the soln. against that of the 
electrode* Usually, however, the potential of the electrode is under discussion, 
and since in a voltaic combination, the electrode metal with the higher potential 
ts said to be its positive pole, and the charge of the electrode against that of the 
soln. is to be understood. S* Labendzinaky found for the potential of copper 
against the hydrogen electrode with soln. containing tfgram-eq. of the salt per litre: 
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For the absolute potentials ad<fQ + 277 to these values. The soln* of copper acetate 
marked l'O N feas sat., Iroproihnately O'&N. In addition* many other determina¬ 
tion* of the potential of the copper pJecfcrode Against different sola* have been 
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made; the potential cl copper against aq + sola, of sulphuric, hydrochloric, and 
nitric acid*, by F. Exner and J, Tuma; cupric sulphate, by H. Pellat, J, Miesler, 
N. T. BL Wilsmore, B. Neumann, M, le Blanc, W. E, Ayrton and J. Perry, F. Paschon, 
C, Jmmerwahr and F, Braun; cupric nitrate, by B, Neumann, and F, Einer and 
4. Tuma; cupric acetate, by B t Neumann and C. Inunerwahr; copper anodes in 
alkaline fdn,, hy K. .Ursa; cupric chloride, by F. Einer and J. Tuma ; and cupric 
tartrate and cupric urnmino-compounds, by C. Immcrwahr, The latest-named also 
has studied soin. with suspensions of cupric carbonate, hydroxide, oxide and sulphide, 
and of cuprous chloride, bromide, iodide, and thiocyanate^ and R, Luther has 
dealt with (win, of cuprous sulphate. G. Thompson, F, Spitzer, A, von Oettingen, 
8, B* Christy, and F. Kunsehert have studied the potential of copper against cupric 
salts in solm of potassium cyanide. S. B. Christy found 

I'm* o< nt. K< y li & (Miji O'UllB 0 0000 0 00000 OOGUOftf 0 0000005 

romtiu! t i «u +oom) h-ihsii -o-gbo -W' 2 r>u -ti 270 -(mo volt 

F. Spltzer found the potential increases with the proportion of cupric salt and of 
cyanide which are present. F, Kunscliert found that in normal soln, with free 
Cy'-iona, the potential is b 15? volt, nr, 1130-00575 log (iCuCy^l/lCy'] 4 ). 
Lf. Sborgi and A. Ihuniti, (!. Muguanim, and N. R. Dhar, studied the potential of 
fop|HiT in various wait snln. 

L. W. Oholm studied the e.m.f t of the cell with copper or copper amalgam in 
cupric sutphato soln. against mercurous sulphate and mercury. A, Vollcr found 
that the jatontial of copper in soln, of cuprite sulphate at 9i° is 0'43 of ita value at 
22*; and in soln. cf zinc sulphate at 0'33 of its value at 25*. The potential 

in soln. of sodium rhlorido U raised at. 78 r * to 017 of its value at 21°. G. N, Lewis 

and W, N. Lacey found the normal potential of the copper electrode against cupric 
inns at 26^, to be —volt, E\ Chroustchol! and A, Sitnikoff found tho 
temp, coefl. tatwcon 0* and fj(> a is O'OQUfiti volt per degree, From E. Bouty’s, and 
A. Gockers measurements dEjdf -IWHJ075II, F, Exner also found copper at 92* 
to bo 1m negative in sulphuric acid (1 per cent ), nitric acid (fl'6 per cont,), and 
acetic acid (0 (J per cent.) than at ordinary temp,, and mure negative in acetic acid 
(7 per rent.), potassium hydroxide (5 per cent.), and sodium hydroxide (03 per 
cent *); he also found that thr potential of a copper tube is not affected if one of the 
gases hydrogen, oxygen, cart ion dioxide, coal gas, carbon disulphide, or tho four 
hydrogen halides, U streaming through the tube. According to A. Fischer, and 

G. ColTetti and F, Forster, the dermnpositinu potential falls w T ith increasing current 
density. 

G, Carrara and L d Agostini found the potential of eupper towards soln. of 
cupric sulphate, chlorate 1 , or nitrate in methyl alcohol; N, P. Kazankin, in amyl 
alcohol; and L, KahlenWg. in pyridine soln. J, Brown investigated the potential 
of copper against fused chlorides; J. H. Gladstone and A fc Tribe fused cupric 
chloride : J. L. lloonvrg used a copper-iron couple in fused waxes, sulphifr, etc. 

0, Bod land (T ^ found tlir ionization constant for t!u ->t!u', ft ■d0u‘’|/[f!u t J ,i J 
to be V4xU*”®: R. Luther gave lTi\hr«; fur IV ftT-^CuH, G, Tiodliindergavo 
2xl(T^ B , ami R. Luther. 2*2xll^ 7 ; the latter also gave for Gu--Br'—CuBr, 
&‘2xl(r ft . J. Tratdie found tho atomic solution volume of tifrli ports of (V to 
bo the eanie as H\ and (V. the same ns zinc and nickel. W. R. Bousfield and 
T, M. Lowry found tho heat ol formation of Cu* ia —& G7 Cals, According to 
W, Ofltwald and H. John, tho deereaau of free energy which centra in the ionization 
of a gram-atom of copper in a soln. of copper sulphate Cu^Gu" ia equal to the 
electrical energy developed where E is the electro-potential of copper against 
on N-aoln, o£ copper sulphate at 18 g ; the heat absorbed from the surroundings 
in an isothermal reversible process is 2FTAEjdT pqy'pram-atom of copper; and Q 
represents the decrease in the total energy in cals, per gram-atom of copper. From 

H. von HelmholU'a equation, ^FE-Q^-lFTdEjdT^ and, "from S. fcabendrinsky's 
jneaaUMments, % FE ^ — 2 X 96,5*(Lx 0*68 joq|es, or —26,800 cals.; while 2FTdEfdT 
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=2 X 96,540 X 2&1 xO<HX)7i>6 joules, or —10,300cals. Hence, Q:=~2A,tiLKHUi,2Ull 
=*—I6,GG0 cak Hence, the heat of ionization of metallic popper in an eq, sole. of 
cupric sulphate at 18* is attended by an increase of energy eq. to 16,600 cals, per 
gram-atom ; the consumption of electrical energy is 26.800 eak, and the heat 
absorbed from the surroundings is 10,200* cab. W* Ostw aid's value for the beat 
ot ionization is —175 Cak; and W. Vaubel gave “114 Cak for Cu E =2Ctr 
A, Coolin and Y, Osaka found the oxidation potential of copper iu potassium 
hydroxide soln. to be O Hi volt; and oxygen is given off from the metal or oxide 
at 148 volta. W. P. IJavey gave O'66 A, for the atomic radial of copper in cuprous 
iodide, and I) 76 A. for cuprous chloride and bromide. The effects of telluric acid 
on the depolarization of copper a nodes was studied by F. Jima; and the anodic 
behaviour of copper in noln of sodium sulphide by V, Kohbchutter and H. Stager, 
The separation of a gram-atom of copjwr from an iV-ciipric soln, requires work 
eq. to 0'6UG X2F volt-coulombs, and from an ^-cuprous solu t U 75J F volt-coulomhs. 
In order that one can be compared with tho other, it is necessary that rhamieally 
or elect roc hen i u ally eq. amounts be employed. Henrc, the free energies of normal 
soln. of cupric and cuprous salts are respectively O'til Hi F and 0'761>\ ho that cuprous 
sails have a smaller electro-a I Unity than cupric Bolts. This is in agreement with the 
lower solubility of cuprous suite, and their greater tendency to form complexes. 
Hie electro-affinity of cuprous ions is related with the elect to' affinity of mercury and 
silver, while that of the cuprous ions is related inure to the iron group, 

A. Volta, 51 J. \V. Ritter, J. (J. Poggemlorff. and C t H. Pfaff placed copper near the 
electro-ncgativc end of the electrochemical series : • 

K, Ba, Mg, Al, Mn, Zn, CVI* Fe, Co, Ni, Su* Pb, H, Cu, Hi, 8b, Hg, Ag, Pd, Pfc, Au, 

and A. iMacKarbno did the same thing for the scries with frictional electricity 
S, Kyropoulns showed that different parts of a piece of metal may exhibit different 
electric potentials, and have different degrees of l * nobility 

The relative position of copper in the electro-chemical series changes with 
different, kinds of snhi. Thus, J r lb Jiiut noted that it. alters its position with respect 
lo iron in solo of potassium sulphide ; J. brown found the same thing applies in an 
atm. of hydrogen snip hide; and J. <\ K. .Schrader, in fusedliver of sulphur, M, Faraday 
found that copper retains the same relative position with fused salts aa it 1ms in 
acids, ti, McP. ,Wraith and Me, A. Johnson noted that cadmium and zinc ant pre¬ 
cipitated by copper from cone, KPy snln. nf their suits, although zinc or cadmium 
precipitate copper from aq, soln. of its suits. T. Andrews studied the c.ui.f, of culls 
with copper and platinum in fusisl potassium carbonate, chloride, chlorate', and 
nitrate. According to A, dr- la Rive, copper is negative towards iron in salt soln, 
and in potash-lye ■ and it is positive towards iron mammuniaealfiohc W. K Ayrton 
and J. Perry noted that at commercial copper againat carbon gave o :J7ri volt; 
platmuiiL ti’268 vnjt; brass, —0'087 volt; iron, - 0146 volt; tin, —0456 volt; 
lead, —(>’512 volt; zinc, —0 H 75(I volt; and amalgamated zinc, “(1694 volt, 
II, (jlotz and A. Kura found for copper and graphite a difference of potential of 
b-til volt; F. Bxner for Cu: Ft* 0 567 volt; and with radio-tellurium in air to make 
it conducting, H. Greinacher found, at room temp,, Mg : Cu, —1 974 volt; Zn : Cu, 
—1A44 volt; Al: Cu, 1 055 volt, and the latter at —180°, 103 volt. Other combina¬ 
tions have been studied by G. 43. Himpaon, D. Guede, F, Kohlrauach, B. W. (forland, 
It. It. Clifton, W. Hallwachs, G. T, Fechncr, W. Hatikel, etc. G* Trumpler studied 
I he e.iu.f, of copper agamst*the normal calomel electrode. 

The hardness or softness of the metal and the surface impurities were shown by 
H, Pellat to have an influence on the positionof the metal in the series, and he also 
noted that a rise of temp, made the metal more positive, while a fall of temp, mode 
it more negative. G. Carrara and L, d*Agostini found that methyl alcohol did not 
alter the relative position of*Yoltab series from that obtained with other salts, 
although it altered the difference of potential. The difference of potential of copper 
with various metals in sulphuric, hvdspchloric, nitric acids, aoln, of sodium carbonate* 
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and chloride; potassium bromide* iodide, and cyanide; has been studied by 

B. 0* Damien, W. Wolff, C, R + A. Wright and C. Thompson, T. Erhard* A, Noccari 
and V. JBellati, S. P, Thompson* X and A. Bidwell* eta. Copper and cadmium in on 
JV-soln, of cupric nitrate were found by F. M. G. Johnson and N. T. M. WUsmoie to 

—O'fifi volt- tn —<J h 70 volt; and in ^jY-soIn., “058 volt. 

cdl, Hap, LG, has been investigated by F. Stieintz, C, R. A. Wright and 

C, Thompson* E. Cohen, P t). Chattaway* and W* Tombroek, etc. The direction 
of the current is reversed if an excess of potassium cyanide is added to the cupric 
eotn. The reducing action of the copper-ziiw conpfc of J* H. Gladstone and A, Tribe 35 
has been indicated in connection with hydrogen. 

W. R. Grove, 30 G, Plants and H. Buff electrolyzed dil. sulphuric acid with 
a copper plate an anode and olwerved much gas was evolved at first, but later, the 
anode was covered with a film of what they regarded as cupric oxide, and this 
interrupted the passage of the current owing to polarization. The deposit gradually 
cleared off when thr- circuit was broken. The polarized plate is negative towards 
platinum * ami if warmed with dil, sulphuric arid, the liquid becomes turbid as the 
film is loosened from the plate ; only a little copper passes into so In. E. Wohlwill 
regarded the Jilin as due to copper formed by the decomposition of primarily formed 
cuprous sulphate, Cu^SO*, F. Fischer made a cell with an anode of purified copper, 
2 mm, thick, immersed to a depth of If) mm* in sulphuric acid of maximum conduc¬ 
tivity, and a copper plate as cathode; when an c.m.f. of 20 volts was applied, the 
pulverization of the anode was accompanied by a singing sound ; a cloud of copper- 
coloured dust ms formed; and copper sulphate was found in the solo. When a 
gradually increasing e.m.f. is applied, a coating forms on the anode, and this is 
suddenly pulverized when the e,m,i has reached about 20 volts. The pulverization 
is accompanied by a sudden increase in the current to more than fifty times its 
initial value. The tamp, of the cathode rises to between 106° and lQ8 a during the 
pulverization, It is supposed that the coating which forms on the anode consists 
of cuprous sulphate, which, owing to its high resistance* becomes heated, until 
finally the Linuid contained m its pores boils and disperses suddenly into the surround¬ 
ing cold soln.* where it decomposes into cupric sulphate and finely-divided 
metallic copper. By cooling a hollow ralhnde internally* pulverization occurs at 
a much higher voltage. The resist mice of the anode coating diminishes as the temp, 
rises* and disappears at about &)°, In a more dil. tsnln. of sulphuric acid, or in a 
soln. of sodium sulphate, cuprous hydroxide is formed instead of finely-divided 
copper. The behaviour id aluminium in sulphuric acid is quite similar in many 
ways to that of rapper; by cooling an aluminium anode internally, the non-con¬ 
ducting luycr will withstand 220 volts, whilst under ordinary circumstances 20 volts 
suffice to break it down. The pulverized copper reduces potassium permanganate, 
chromic anhydride 1 , ferric aulpliate, etc, W, Holtz prepared electrolytic-valve oells 
of copper in cupric chloride or sulphate, whirh resembled thq aluminium cell for 
moderate e.m.f. * 

In 1831 * A, Seebeck 37 discovered that if two metal wires be in contact at one 
of tltqjr ends, and a low resistance galvanometer be in circuit with the free ends 
of the wires, an electric current is generated when the wires are heated and flows 
from copper to iron through the hot junrtion—See beck’s affect. With some metals 
the e*m*f. E of the current is nearly proportion a) to the difference of temp, between 
the hot and cold junctions* and the prinriplc is therefore applied in the construction 
of thermo-electric pyrometers, and in the construction of thermopiles, etc. 
Again, if a galvanic battery replugs the galvanometer in A* Sectmdrs experi¬ 
ment* A. Peltier (1834) found that heat is absorbed at what was previously the 
hot junction, and generated at what was previously the cold junction. This 
phenomenon is called Peltier's effect. F. Rziha,< and P, Cteimak have studied 
Peltier's effect with a copper-nickel couple; F. FVle Roux, with the copper-iron 
couple; H. Jatm, with copper coupled with nine, cadmium,*iron, nickel, silver* or 
platinum; and^E, Sedstruin, with copper covpled with xmo or nickel 
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The thermoelectric proptrtiei of copper are discussed in F t Peter's Thenno- 

t nte md ThermosAuUn (Halle, 1906), Copper is rather strongly negative, and 
the more, tlie purer the metal. Between 0 5 and 100°, K, NoUW found a 
nwcurtfwpiKT thermocouple of mercury and iron-free hard-drawn Cop|»r gave an 
e.m.f, of 725 58 microvulte ; and with artneaied copper, 725(14 microvolt*; that 
copptT-leatl thermocouple gave an e.m.f. of 322 microvolta. and with commercial 
copper, 1'37G microvolt. J. Dewar and J. A. Fleming found the e.m.f, of a copper- 
lead thermocouple diminished as the temp, fell from 100* to —205 1°. Expressing 
tile c.m.f. in C.G.R. unt*,s ; 

lour si-c - sr -a-w* -m'** -iwj 1 -mm* 

K.m.f. I + 14320 + lHKfl - 2«30 -8830 -15130 -24180 - 41 SJ 5 G 

At atm. press,, and 0 y , the c.m.f. of the copper-lead thermocouple is (27770 
volts; the Peltier effort -(2 777 H^hti01(0+a73) Xll^ * 
volts; aiidthcTbomaonafleot^r ^)(KJ96G(0H-276}X1O 8 volte per degree. E. Lecher 
measured the Thomson effect of copper between 252° and 076° and found+(3‘28 
-f-O'UL)34O0)lO 7 "rumx-als, per cnuhmib, P. W. ftrulgmair* observations on the 
effect of press., in kgrms. per m]. cm., on the too beck, Fcltier, and Thou won effect* 
arc indicated in Table VL; where the heat effects are with couples with the compreared 
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and uncompressed rnetala. The toeberk and Peltier effects arc positive and rise 
regularly with temp, and press.; Thomson’* effect is sera at low press,, becoming 
positive at higher press., and passing through a minimum with rising temp, and 
constant presa. E, Wagner made some observations on the effect of press. on the 
Seebeck effect. The c.m.f, of rouptes with a copper wire under ordinary conditions 
and one with tensing up to 71)0 kgmw. per s^p cm. were found to vary linearly with 
tension, so that at 95°, the c.m.f, (0 0<i<i5Gr)10"^ volte. The direction of the 
c.ra.f. is from the unstretched to the stretched wire at the hot junction; this 
correspond* to a current from the compressed to the uncompressed metal ^t the 
hot junction, and is opposite in sign from the pure press, effect, U, Borcliu* and 
F, Gunneson found the Thomson effect, m microvolts per degree, to be 2 36 at 
Wn°K +J r6.Ut30G & K.,G7(Ut2i#^ K„<mat 140° K., d'Ofi at 120° ft,, and 
—075 at 1M0° K. A. Cohn and A. Lotz studied the contact electricity of copper 
against glass in vacuo. * 

A, Hell measured the thermoelectric force of thu oopjwr-eontfan&m (an alloy 
of GO per cenk copper, 40 per cent, nickel) thermocouple ; K, Lecher, and F. F, le 
Roux, the copper-iron thermocouple; F. Rriha, and P. Czermak, the eopper- 
niefci thermocouple. G. Gon* found that hot copper is positive to cold copper in 
many sob., and in othefa negative. If the two copper-iron junction* be initially 
at 10°, the maximum current obtains at 270°, and there is no current at 530 fl , above 
that temp, the direction of the current i* rewired, Let the two junction* of the 
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couple be initially at T°, and let one be raised in temp- dT when the c.m.f. dE is 
generated—the ratio dEjdT is called the thermoelectric power of the two metals 
&tT a . FromW, Jogor and H. Diefleelhorat s, J, Dewar and J, A. Fleming's, K. Noire, 
and W, H, Steele's measurements, the thermoelectric power of copper-platinum 
•thermocouple at 100* is 4-074 millivolt; for cstppw-cortsttirUan couple at —190°, 
E, G. ^ick gives +520 millivolts; +3'10 millivolts at —100°; —4'00 millivolts 
at 100° ; —8 80 millivolts at 200+ and -J4y millivolts at 300*. G. Reichard 
obtained similar results at !0Q°-200\ G Ruichard also obtained for copper-coMt 
and copper-nickd couples at 100° respectively —2 74 and -^'GD millivolts, and at 
200 4 , respectively —6 30 and — G'G5 millivolts, H. Pichanx measured the Cu: Co¬ 
couple un to 9fJ0 ft when —284 millivolts were obtained. W. W, Coblent® found 
that with the tungsten-copper couple at — 1 Wi' j , an e.m.L of +0 08 millivolt was 
obtained; at -100°, -\<Y2i\ at HK/\ +0-04; and at 300°, +034 millivolt 
L. H. Adams' value fur copper-platinum at 0 fl , is aE/d0=5'85+OO4OG0—7'46 
XlO“ ,B fl®H~l'Ofl(ixlO-and for the copper-lead couple, dEjdB is 2‘84+0‘00820 
—0 l 84xlO^ D 0 a +O'23flxlO- 7 0 a . The thermal min t K obtained by integrating 
i(dE/d6)dO between IV and fl° is E- 5 85^-} O iJ2(»r^ 2 —2 + 48 Xl0 _5 fl a -H0'2T4 X l(k 7 0* 
for the Cn-Pt ct.uple, and £ 2 81 J Cl iir>| 10 j-0 004102-O'28xK^ 6 0 3 +O’OG(>D 
XlO Jnr the Gu-Th cuiiplc, For the nj|j|ji'r-oonstantan couple, L, H. Adamft 
and J, Johnston, and k R &nun jui give /iVX18 lOr>0d-OO4420 E ^axXJ28&G0 a 
K, Noll obtained for tin*™ pper-wf'rntry couple between0°and 100°, 72u microvolts 
both for hardened and annealed copper; and -f 443 and -1-435 microvolts respec¬ 
tively for himhmcd and annealed brass P, W, Bridgman gave for a thermocouple 
of commercial ami electrolytic copper (o OG4G80+O Cm)1330 £ ) X Ur® volts. 
W, (>. Duflicld, T, H. liurnliam, and A. If, Davis studied the electric arc between 
COpjicf electrodes, 

Ji> IH70, E. H, Hall ^ discovered thal when a jKJwrrful magnet is made to act 
on a current flowing in a wry thin atrip nf metal, the cquipotcntial lines are deflected 
from their original pasiliim at right angles to the lines of flew of the current in the 
atrip. Tins is the ao railed Hall effect H a magnetic held of strength H, carding 
a current, / in n plate of IhiekueoH t , the difference of potential c produced by the 
deflection of the r(|uiputrnt.ial 1 in erf is e Rtltjl, where R is a Hall Constant 
For copper, /f= -- rnuHnil The attendant. thcnnoinagnetic and thermoelectric 

i ihenomena have been studied by A von Kttihgbau&eu and W* Ncrnflt, A, Ledue, 
:f. Zakn, and V. Unwin. M, Faraday found copper to be feebly diamagnetic. 
Tho magnetic susceptibility* or the intensity of magnetization of electrolytic 
copper per unit field, is 0 82 \ tu i! vol, units, according to J. Konigabeiger, and 
twcordiug toH. Me) rr h te m x Ml 6 at I-V 1 . O. Q. CI i (ft>rd gavo — 1 22X 10“ fl mass 
units for native ropper ; audfiJlieneveim, -USKixUi A . Tho magnotic behaviour 
is profoundly altered bv truces uf iron ; as little fls<) ll4 per cent, of iron makes the 
metal paramagnetic, M Owen found for electrolytic ropprr^ith 0 0004 per cent, 
of iron, —0 085 X10 <\ and for electrolytic copper with 0 008 per cenV of iron, 
K* Honda found — O’PtfxUi D moos units. Kdnigabcrger found for the temp, 
rocff lp — 0 0015, w that thr magnetic* susceptibility decreases with liao of temp. 
8, Meyer gave (JuOJtxlO ® for tho atomic magnetism. A + Gunther-Scbulae ^ 
studied the dflctrolytlc valve-action of copper in sulphuric acid. V. L. Chrialer^ 
studied the potential gradient in the are with eopptr electrodes, 

» 
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K B Bardwatl TtoiMh Amtr, InttPMin. Eng., S07% 1914; O. GoluuntLti, Atli Act&L Lima, (ft), 
SB lfl% 22% 421,1914; U Tea HiibJ* Mtit, Mihtw. Gcog, InH>, B 51, IftSft; C, W. Bennett, 
Tran*. Amtr, SI edtodton. Sac., 91. 253,1012; K, H, Thurston, Material* of Engineering, Ke* 
York, 1880; G. D. Benfough and B. P. Hill, Jmtrn. Inte if^B23,19l0; F. Johnson, A., 
B 21% 1912; B 16% 1910; Si. 355, 1919; Jl*. Cbm. Eng., B 648, 1916; W. EL Atkina, 
Metal I*L, IB 307, 1920; JatnL MtlaU, SB 3% 1818; 0. W. EQii, A., St 319, 1918 ; 
& & Ol, B 16% 1911; 131,1807; V. Qgatam, Oarntgie Scbtar- 

*hMtmdn, B4S0,1811 1 W, R Webeter, &r. MS., IB 10% 1913; K. F, Blalto, Otfe. Ft**bt, 
9E, ltt>; 1% 1699; 29, 1900; A-fcorlay and G, A. Tondtosoo, PhiL ^.,(6111.380, 1906; 
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F. JohnjdD, Jmtrn. Inf'.. Mrlult, S6. 173, 11121; p. [J Miix.Ji, if ft. 1% .... E:u) . 16. 121, IBIS; 
A. IbILock, Proc t Roy r See, 40. 231, 1 m ; R Chatpy. Cvmpt. fond,, 121. 49 L LH0i>, 

14 R. )i. Thurston, M fit trials of Etigmearing, New York, 1090; F. Johnson, Jours. Imel 
Mads, 8-210, 1012; 4. 103, JfllO; J ftt. them. Eng., ft, 048, 1016; A. K. llmiiin^on, Jaaru. 
but t MdakX 12ft HH2; 12. 2.14, 1914; 11. Baucko, Intern. Zat. JfrU3 193, 1912; L. CuiUet 
*and V. Bernard, 6Wpi. ItemL, 16ft 1H00, 1890. 

*• H. Fimiu, G'em/ft fowl,, 68, 1125, IH60 ; H. le Chuti lii r, ift, 108. 1097, 1 889; 1. Zikrc^ 
wwaky, JiuU. Aunt. Cracovie, 2, 1080 ; A. Mattbicssen, Phil Trans,, 166. 231, I HAG; Phil Mag., 
(4), ftl. 140, 1806; (4), 32. 472, ISOfl ; (ft Wiedemann, Fogy. Ana., 106 180, 1059 ; P, Ulatid, 

160. 407, 1077 j G. ft, Dablander, t'ft, 146, 147, 1072 ; P. L Duiung and A. T, Petit, Ann. 
Chim< Pky (2), 7, 113, 1818; H, Tomlinson, Pnc. Pityx Sac., ft, 07, 1887; Phil. Mag. t (5), 
24. 263, 1888; H, Kopp, Liebig'* Ann., 81. 1, 1832; Fhti. M*vj„ (4ft ft 208, 18*2; W. Voi(R 
WUd. Ann., 4ft 007, jHflJ; P, WrhrenforuuH, Centr. Opt, Ahch„ 7, 1.34, 18HH; A, L. IjftYoiisicr 
and P. S. LaploOc, M£in. Aotd^ 303, 1700 ; focutil dr* tnetnmnn da eftiinr* da Lni'tnWr, Furis, 1- 
121. 1806; UtlveikPs Ktas»iker r 10, 1802; A, T. KupiliT, Mbn. ,1rfld. SK Petersburg, 1ft 273, 
1870'; W, DHtonbargor, Ze.il Vtr. (but. tng„ 4ft 1332, 1002 ; J 1 '. A. J.mdcjrmnn, Phys, Zei (., 12, 
U97, 1011 ; W, Bjfflnlowskyj JWo, Chin Phyt., ft 292, F.8MS; F, Henning, Aww. Physik, (4). 
IS. 031, 1907 ; K. tiriinaueo, ifc., {4), 33. 03, J0LO; E. J[. Hull* Prve. Xal Acad, Bcientu, ft 
013, 1021; T h Turner and D, AT. J<nvy, Pfttr. liny. Sue., 80. A, 1, 1008; P, 1). Morjca, Met. Chan, 
Eng., 1ft 121, 1UJH; W. SUhl, Af*t»iKii t 16.44ft IU19 ; W. E, liuwoy, Phyx Rtv., JJ, 25,087, 
J 002; L Hollxirn and E, GrOnvisiiti, /Inn. Phy* ifc, (4), ft 130, 1901; F. Hnltiort, fount. Paper 
Bur. Standard*, 410, 192L 

11 G. Polimi, fitud. Jut. Lotntfurdi, (2), 15, 1ft 1882; (ft Wiedemann and K, Fnira, Pogg. 
Ann., SO. 408,1833; L Tjorcnz, Wwl. Ann., 1ft 422, 382, J88l ; (I. Kirt'hli^ff and G. Hanscmaim, 
tft., 1ft 400, IH01; 11. J*’. Wnbcr, Zurich ytertetjnhr,, 26, 184, 1K80; HVJ. dnw., 11. 345, 1080; 
A. G. Mitchell, Tram, ituy, find. L'din.? 33- 53ft 1887 ; 36. 917, Proc. Jioy. Woe. AViri,, 17. 
300, 1800; W. Jiger mid \l. JJi«mfilhorat, Wdebfr. Altai, Ifttlin, 710. IKiI 0; A. Ikrgct, CmnyU 
fowl., 107. 1624, 1888 ; W. ycJmufulLuiger, Ann. Phymk, (4), J. 389, im ; A. Kiet^ch, tL, {3}, 
ft 403, 1900; ii'Criinmnen, 16., {4) 3. 43, 1009; G. Ucruig, ln«t t Mut. kmj,, 29. 

485, 1010; iX 11, Lew, Roy. Roc„ 80. A, 145, LW)8 ; U. \X. Stc'Miirt, th., fift L51, L8EI3 ; 
J, H,tJroy, 50, A, 190, 1804 j F, Olwor, Met,, t 125, 1004; E, Hide, Mem. Ctirtttmttics Acad. 
Bely., 27, I860 1 F. A. Schulio, Wi*t. Ann., 0ft 297, 180S ; 63. 23, J807 ; 3. Ticm Iridge, Si-trnn 1 , 
ft 0, 1098; G 11, Child audit. W, Quick, Ftiy.n. Rev., 3, 412, 1805; G. C. Lluld nnd 0. S r Lmphcar, 
iO., ft 1, 1005; P- Neumann, Ann. CAm. Phy#., {3), 60. 280, 18^2 ; Jr. /Ltn. piujcitc, (4), 

1ft 004, 1905; K, L HaystnOui, Qtir.re. A lad. Fork., 45. 280, 381, 1801; K h Anv^tidtn. Pogtj, 
ndnu., lit 51ft 1801; lift 423, 1862; 123.020, 1894; R Schott, iku tfvni, phy*. ih*. t 18,27, 
1916 ; W, Molssucr, IVrA. dcuL phy*. tie*., 1ft 202,1014 ; O. {'liivwlaiHi Mtm. At ad, M. l*ifcr.dtufq, 
37. 1ft 1890; JfiENrr> foperL, 27, 1, 1891 ; R H. Unll, I*hk\ A'trt -J tad rjf>« P 6. 9111, I93i; 
L>. W, Bridgmuh, Phy*. fov., |2), 18,115. 1921. 

11 U. J. J* la Verriur, Vatnpl, Rend., 114. 907, 1892 ; J. E'lurn lnm, At., 102, 07ft |W80 ; P. - 
Aohft Ann, Chim, Phy&„ (7J, 30. -Wl, 1003; P. L. Ihdong tmd A, T. Petit, f2), 10. 305, ls|0 ; 
ff. V. Kegnaidt, ih., (2), 7ft I, 1840 ; (3), 1, 120, M41; (3), ft 322, 1843 ; L 11 u|li»ru und 
fi, GrMsfln, Ann, Phyeik, (41. ft 145, J9U1 ; (4), 33. lift 1910; (4), 55. 371, )9J8; 
F. Wuat, A. tteiithnn, mul R Uumn, Zcit. InstmmnRnt\, 39- 201, 1010; 11. Ko]>p, Lhbtg’jt 
Anfu ^upjd., 3. 290, 1804; tf, BnH, Fvyg. Ann., lift 020, 1H7J; PhU. Mag., (4). *4, ML 
1872; H. X. Weber, Ziirtrh Vtrrtrtjuhr.. 2ft 184, L8S0 ; H'mJ. dim., II. 34 ;j, 1880; 1L Tmn 
Union, J*roc, Ray, Sue,, 37. 107, 1884 ; ft E. SchiniU, jft, 72. 177, t*K>3 ; W. A, Xddtu, th., 06 
244, 1900; CArm, Aiu*, 7ft 10. L80H; A. Burtoh and E. tStTAcrinli, (lax. t'fom. tud., 25. 380, 
1896; A. Noooiri, n&., 1ft 13, I88H; ftlf* Aeuvt. Torino, 2ft K)7, 1S87 ; L T . Helm, If icJ. 

6ft 237, 1898; I* JSchiiz, ift, 4ft 177, 1802 ; F. JKiriacLnl nnd M. UVnu-r, Zui, nnottj. Uhm., 
lift 1, 10211; G. J. Jktcvur. Zur Throne dcr Ahschmcizjm'hcrangen, Mmu hen, ISMIO; \X. Ni'nisl, 
Ann. Phytik, (4), 8ft 39ft 1011 ; F. Korof, tl„ (4J, 36, 40, 19U ; R |Su-ald t th , (4), 44. 1213, 
1014; L Rolln, Qau. Chin t, Ital., 44. i, 040, 1014; \X. Nurnst nud V. A. Lindens mi *Znt. Plitu* 
c*stn, P 17.8l7, 1911; Steber. Ahad, fotlin, 203, I9LO; 300, 4H 1011; W, Nernit, V. JWd. 
mid F. A, liudcmami, ih. t 247, 1010 ; T. W. Itidiiirds ami Y. (ft Jackson, ZtuL phys, 70. 

414,^910; H. Sohinjpff, ift, 71. 257, 1910; A, Magnus, Ann. Phyttik, (4ft 31, 597, 1910; 
W. 11. Krcaom and 11. K, Onnes, Voinov. Phya. 1 m, Ltidtn, 143. 24, 11114 ; 147. 3, 1015 ; 
D. It. Harper, Pull Bur. Slttndardit, ft 259, 1014; J. W, Richards, Chen. AVhs, 6ft 58, Ojft m 2, 
90, H1 h>, 1893; P, Schiibeft Zcit. anory. (Jhatt,, 37. 01, 1914^ E. H. and E. Grifliths, i J AW. 7'm«*, 
214. A, 319, 1014 i fttthdetAfta, Van™ nice Acad. Belgique, 27, F* GJtuer, 103, 

121, 1904; F, A. Waterman, Phil Mag., (5ft 40. 410. 1805; J. lfcwar, Pror , Roy. See., 88. A, 
1913; J. Trowbridge, ^cunce, (2), ft 8, 1808; (ft W T . A, KhTjUjhuei, K. RitJi* Hnd P, SicdJcr, 
Ztit. mare. CJWna, ftft 177,1902. 

41 J, t DauieU, Phil Tmiu., Bft 257, 1030; 8ft 443, 1831; J, K. aeiumt, Phye. Bcv. t (1), 34. 
531, 1907; L HoLbom and W. Wien, Rie-tAnn., 6ft 300, 1895; 47,32, 1092; L.llolbom and 
A, I* Bay, ift, 6ft 817, 1899; Ann, Phpik, (4J, 2. 523, 1900; (4), 4. 99, 19U1 ; A. L. Hay, 
R, B, Soaman, and K T. Alien, ritmr, Joan. 2ft 93, 1910; A, li. Bay and 

J, K. Qmrtt tft, (4), 2ft 40ft 1908; F, Wiiat, A, Meuthm, ud A. Buirer, Ztil, hutrnminUnk., 
2ft 394 1919; A. Ledabur, Witd. Ann., A, 830,1801; Cft Aar^ 13ft 1*1,1869; 

CL Blaehot i5., ft 196, 1026 ; Due Kitqfcr und ttfoe Legicrungtj^ Berlin, 1S6S; J* Viidle, Comjrf. 
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Jfrad, 0ft 70ft 1870; EL M. Lteieny. i&t 1201, 1000; CL Mdtnon And R. 7kunoy k 
lift J2U, 1006; G W.DBSpretx,it.,te3iia p 1658; H, Blondtot, ift.lOft 310, 1880; H. Moran 
andT. Watanebe, ft. t 144, 17, 1007; H. Uirivui, ib. Y 114. 430, 1W3 i 141, H5ft 190ft ■ A**. 
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Joun i. Am*r. Chem. 8oc„ 84 786, 1012; W. Spring, Bvti L Acad. Bdgiqtu, 2& 23, 1804; Ztii. 
phgt. Chem., 1ft. 77 t 1804', ¥. Knit, Btr., 36. 1706. 1903; F. Kraft and EL Bergfeid. it,* 34 tfti, 
1005; W. IL Roberts-Austen, fVw. Roy, Hoc*, 6ft. 460, 1608; W. CL Roberta-Austen and 
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Mrt., ft. 28ft I9CS; F. Glaser, it., 1. 1U3, 12J, 1904; A. von Riemsdyk, L'ton. New#, B0. 32,1889; 
C- WL Siemens and A. K. Huntington, iA h 4ft 163, 1682; J. KoskcU, it., 83. 77, 1876; 
a A. Mftbnney, ift., 2ft 243, 1872; F, R Hiigct, Bcv. Meet., ft 37, 1007 ; H. L. Callender, Phil 
Mag., (5), 4ft, ft 10, 1899; A. ButU, Met Chrm. Eng., lft 94, 1017 ; (IH Groves and T, Turner, 
Joun. Ckrm. Six., 101- 58ft, 1912; T. Turner, Jour n. /ash Metal*, T. 105, 1912; W. EL Thcimey- 
un>ft and T, Turner, 12. 214. 1914; O. J). Beiigough nnd Ik EL Hill, ib,. 4 94.1910; J. Johnston, 
i/otrrh. Aner. 2net. JllcUili, 12, Lft, H. {]. (Jreenwtxwl, j J rte. Hag. Soc. r 82- A, 396, 190ft; 

82. A, 483,1910; O. Ruflfund R. BergdaKI, Zrik anorg. Chm., 104 79,1919; J. A* M. vanliempt, 
it/., 114- I Oft, 1920; A. Flunglein, Zeit. Elrktrathrm*. 26- 431, 1920 ; 1, 1. lkuiA and 1C D. Foote, 
7’riHH. famday St*,, lft. 188. 1920 ; W.GuertW nnd M. Pirnni* ZniC MriaUkttnde, 11, J, 1911 ; 
L Hambu^r, KoU, frit., 23. 177, 1016; J. H. Hildebrand, Jour n. Aumt. Chnn. Soc >,%4 4ft, 
1918; -W. H. Bavsetl, Jqu rit. I rut Eng, Chr n*,, 4, 164, 1912; J, Johnuton, th., ft 873, 1917; 
T. K, Ruse, Javm, Eoc. Ckrm. 2nd., 33- 170. 1914 ; K. Hcheel. Zfit* attgev. Chem, t 82. 347, 1919; 

T. K. Nairand T. Turner, Proc- Chrm. AV-, 24 lftl, 1913; ■!- W. Richards, i/iwtm. FiwtidtH /ns<„ 
143- 379, 1697; \ 4r B, Guyton dv Morvvau, Mtm Vhwt.. lft ii. 69, I8H ; R- Wright and 
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** E. Priwomik, DingUr 1 * Jowrn., 221. 3H, 1»7« j G. lo lion, Compt. Reiut., 13ft, 32, 1902 ; 
A. Golwm, >b , 133. ftl, 18Et7; R th-rtainn and P, Curie, ift.. Ml 1509, 1JSS4F; J, Waterbuuw, GfteiH, 
Xtm, 80. 161, 1899; J. H, Vincent, ik, 7ft IttB!, 1MU»; W. J, Kwvil'IL iV, 76, :102, 1897; 77. 
187,1898; Pfot. Hag. Hor, r ftft J02, 1698; Ik McFatiano, ib., 20. 90, 1872 ; N. R. Campbell, 
Frw. Camhridgt Phil Soc„ 13- 282, JBOtt; J'M. («), ft ft31, (fl), 11. 20ft 1906; 

F. Strdnta and O. StroherhnridiT, Anv. J’hytfk, f4), lft 198, 190ft ; M, Kuudaen, ifr,, {4J, fiO. 472, 
HH rt; F. HtrdntE, /%s. ft 730, 1904; B, vun Lcngyel, }V*td. Amt., 06. 1102, 18U6; 
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Wit& Ann., 36, 214, 1889. 

11 L. R. IngeraolJ, Adrophyt, 8ft 205, 1910; U. W. Minor, Ann. RAysift (4), 10. 581, 

lOtyg ; KL. Fdattrling and V. Freedmckm, ih,, (4), 4ft 201, 1913: EL Hagen and H. Kubena, t6., 
{4), 1, 352, 1900; (4), ft 1, 1902; (4), 1L 873, 1903; ft Nakamura, ift, (4), SO, 807, 1900; 
W. Rathcnau, Die Absorption dr* Ltrfti* iu MrtalUn, Berlin, i860; E. A. Javil, Ann. Chun. Phy*. t 
{8h4 137, lft05; J. H. Gladstone, Rr«. Hog. Eot r., 60. 140, 1896; B. Pbgany, Ann. Phytik, (4), 
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U. C- Bid veil, it., ft 439, 1914; <L K. Burgess, Bur. Standards A’eirnk Paper, 121, 1909; 

G. K. &urge« and R. U r Waltanburg, it., 242, 1914; A. Kundt, BxUber. Akad, iirHm*2fiO p 
U87, 1888; Phil, Mag. t (3), 2ft 473, 1889; Ikied. A»n., 84. 499, 1869; 8ft 602, IH89; 
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fiys. Che* k, 3ft 66ft 1809; J. D. Mackenzie, Elat. Mt p„ 60. 701, 1907; J. Kannonikofl, Joutn* 
pn*L CKn Bl. 33ft 1885; W, J. Po|», /ounk Vhem. Hoc,, 60. 1539, 1896; I. C, Gardner. 
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** W. Hall weeks, Ami. PKytk, (4k 3ft 46ft 1007; E. Lfldenbuig, it., (4), lft fiflft 1003; 
K A. MilHkan art a Winehster, PkiLMag (6k 14 188,1007; O. Stuhlnunn, ift, (6), Bft 331, 
910 ; (6), Eft 854,1011; W. Rams*>W J, R flnttuer, ift, (6^11397, 1906; L T. Mora, it,, 
(6k 1ft Tftft 1907: K. Hermann, Btifnl?* turn PMuaekmffdct, Bartlii, 1906; A. EL Heohlngs 
«d W. H, XadeAih, fW KM2),ft JOft 1910; T, G Sutton, Phil Jfay,, (01,47. Sift 19l6j 
& Reboal, Compt W, lift 477, 1914; ^ W. C Kaya, A, 427, 1017; 
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4J8, IWfij J. R. Ton CleUlcr. Am. Pipit, (<t). UL 249,1907; W. DumflMdT. flm/*!»■ 
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R Walter, Wied. Ann., 61. 8ft 1897; A- Hubert and a Hcynaud, for*** fand. t 131 408,1901 ; 

I, CtoW, Amcr. Joum, Stktux, f4), Oft 201, 1007; J. H. Gladatone and W. Hilbert, CKem, 
Nan, 7ft £58, 1006 ; J. A, McCMand, Phil Mag., (6), ft 230, 1905; J* Chadwick, *&., (6), 40. 
734* 1920; W. H, Bragg, Phil Mag., («), 11. 017, 1906; J. CrowUier, tb„ (A), It 370, lOQflj 

A. 6* Runaell and F. Soddy, ift, <«). 21, 130, 1011; A- Duvnliiej-, Compt. Rt*d, r 173. 640, J02I; 
174. 443, 1922; D. HurmuieKii, itafciir. £'Uet.. (A), 15. 106, 1308; (5), It 3U, 1898; Compt. 
Rend, t 127. 423. 1899; Ann, Scitnl Jatsy., 3. 2,18. 1005; Y. K, Kichtmyur, Phys. Act)., [2), IB. 
13, 1931; E. H. Kurth, tb.. (2), IB. 461, 1021; W. Frew, Ztit. wits. Motoehm., 21. 37, 1021; 
E. Hjalmar, &if. /%**. 7. 341,1921. 

17 H* Boyle; An Eemy of the great Effects of even languid and unheeded nation, uihereunto is 
annexed an experimental discourse of some little observed fuu«.j of the InMiubrity and Salubrity of 
the Ait t and tit Effect*, London, 1686; C. L, Ikiurdolin, Min. Acatl, 307,1766; A. ft llarggraf, 
Chpmischt Schriftcn t Berlin, 1768; B, Higgins, Phil Tran**, 03. 137, 1773, 

M J. Formonek, IMt qualitative Speldtalanalyse anorganischfr and organisthtt KOrper, Berlin, 
167, 1005; W. Lanrntb, Usher duo Barnkturpektrum dw Kitpfers in der Kiuitlgasjlamme, Bonn, 
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■ohweig, 1906 ; M, A. Catalan, Ann, St k. Espati, fin. (fain, 15. 432, 1017; J. M, Eder and 
£L Valentn, IkUrdgr xur Photochemts uttd tiiiektrafonalyue, Wien, 1904; E. Bauer, Kvtzer Abrist 
Spektrotkopifi und K*dormririr., Luijiug, 1907; G. A, Hcmualtch, Ittchfrche* aitr leu Spectres d'iiin- 
CtUcs, Bari*, 1001 ; J,. lie BuiabiLiidran, Spectres lumiieur t PiiriSj 1874; W. II. Watts, An Intro¬ 
duction to the Study of Spertrum Analysis, Igundun, 1904 (fr\ga 13 and 14 are leaned from this 
work); C. K. Gluing, Spark Spectra of lb Metals, London, 1010; J. Landaecr, IXt tipekfral 
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^ 6. The Chemical Properties ol Copper 

According to R, Fink , 1 the affinity of t'opjjer for oxygen jn greaha thnn tliat of 
magnesium, mungunew^, z\\w, cobalt, or nirkid, WJiib pimfietl eb^rolytic copper 
has no catalytic activity on certain react iui>n -oav, f j If 1 0H--11^+011 jCHO-- 
copper ] trepan*! by reducing the ox ale \n active. Thi' activity was found by 
W. 0 . FaJmer to be greater the lower the temp, of reduction ; and it afoo depend* 
on the reducing agent. The difference may lie tine (i) to the presence of an oxid« 
in solid ftoln, in the copper ; (ii) to the presence nf one or more labile forma of 
copper which slowly paaa into a stable inactive form ; or (iii) to different degreua 
of fineness of the particles. Copper is so reodily nttaekwl by various reagents that 
the old alchemists called it tn^rdrix mcfr///«rwwt—this harlot among metals. 

F, A. von llonsdorfi show ed that the surface of a piece of copper does not oxidixo 
at ordinary temp, in dry air, or even in moist air unless carbon dioxide bo present. 
According to C. R. A, Wright and A. P. Lull, copper obtained by the reduction of 
cupric oxide by cailwn monoxide at 100° la ytjrophtric; and J. J. Berzelius found 
that copper reduced by hydrogen below a red heat is readily transformed into 
cuprous oxide under conditions where the metal reduced at a rud-hutt in hydrogen 
is stable, A. Smits, A. Kettnerj and A, L W, Gen believe that the pyrophorio 
condition of a metal is not only due to the fine state of subdivision, but also to tho 
initial formation of the metal jp a metaatablc state; the metal loses ito pyrophoric 
character when heated. 

C. R. A. Wright and A. %* Henke observed that no change occurs when the metal 
is heated in air for many hours at 100°; at 130 D a slight action was noticed after 
two hours; and at higher temp,, the action was more vigorous. According to 
H. Debray and A, Joaittus, copper begins to oxidize at about 350° when the vap. 
press, of cupric oxide, CuO, is i ajwut 0‘2 atm.; at about 500°, finely-divided copper 
forms cuprous oxide, Cu^t), Avoiding to F, Kmioh, finely-divided copper and wire- 
gauze are rapidly and*qtiantit$tiveiy converted into cuprous oxide at 500°; while 
E. F, Anthon found that when copperplate is heated in a muffle to bright redness, 
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cuprous oxide is the mein product jso long as any metal is present, after that a larger 
proportion of cupric oxide appears. Copper burns with a blue flame when heated 
to a Jpgh temp,, and cupric oxide is formed as fores cupri or flowers of copper. 

According to fl. Schwirkus, and F. von Leichteiistoin, when the temp, of a piece of 
dbpper is gradually raised to redness, the surface of the metal appears to acquire a 
brownish-orange colour at about 200°, and it then passes through a gradation of 
oolours^rose-red, violet, steel-blue, brass-yellow, red, greenish-grey, grey, and finally 
block. The red coloration is probably due to the formation of cuprous oxide, the 
black to cupric oxide, so that the surface of a plate of copper, after beating to redness 
in air, w covered with a film of cupric oxide, CuO, and below this is a layer of cuprous 
oxide, Cu^O. If the hot metal be now quenched in water, the oxide Jails of! in scales 
furnishing the so-called scale copper oxide. L. Maumene assumed a scries of inter¬ 
mediate oxides are formed, but this is probably wrong. IV. Elkan obtained what be 
called a red patina by polinhing the outer black film so as to leave the red exposed. 
Some of the oxidation colours aru produced as a special effect on ornamental vessels, 
although usually the metals aro coloured by “ pickling ” in suitable reagents as 
described in G. Buchner's Die MetttllfliTbung (Berlin, 1020) and other special 
works— vide infra for jwtina effects. 

W. J. Eusaell and A. Matthicsami - detected no absorption of gas when OXfgen 
is passed into molten cupper, but W. Stahl found that an al^sorption of gas does 
occur, and E, Heyn further showed that cuprous oxide is formed and dissolved by 
the molten metal. When copper is heated in oxygen gas, the results resemble 
those obtained with air C. If. Mathewwm and G + V. (kesar have studied the action 
of cuprous oxide on copper. Tn m Emu facto ring commercial copper, a little oxygen 
is alkrtvcd to remain combined with the metal in order that it may retain the 
desirable qualities nf malleability and ductility, and in order to prevent the spitting 
or ape wing of the metal during the cooling of a canting. The easy with which 
copper takes up oxygen during the smelting renders " poling TP necessary until the 
small amount nf oxygen required to produce tough pitch copper remains. Thin 
oxygen i a present as cuprous oxMc m all copj^r not *pccinl1v deoxidized, and it 
forms a matrix around the. primary groins of copper. According tn F. Dezeine, 
the difference in the? chemical reactions of colloidal and compact copper with acids 
and salt soln, in which copper ions or basic copper precipitates are formed without 
evidence of any reducing action, may ta cxn la inn! by the action of the dissolved 
oxygen on tho very extensive surface of copper. W. Mnnehot showed that copper 
reacts with ozone at a tom]), rather lower than that at which it reacts with oxygen. 
According to A. Berliner, finely divided copper begins to act caUlytically on electro¬ 
lytic gee at about 280*; and according to M. Trnuhe, finely divided copier arts 
caUlytically on hydrogen peroxide without forming cupric hydroxide as supposed 
by F. Cintotcsi. 

According fro E. MitwHierlich, 3 when copper is melted iq air, comparatively 
large crystals of cuprous oxide art' wmetimes formed. The cuprous oxifle formed 
on tho surface of molten rapper is immediately dissolved, but it is rejected as tho 
motak solidifies ; as a result, a polished surface of the metal, when magnified, shows 
the presence of this oxide. According to ft. Linns, as the metal, which has been 
melted while exposed to thu air, solidifies, some oxy gon may caeape and make tho 
metal porous, or the gas may force its way through the skin of solid which first 
forms on the surface, and prwluce a kind of spitting or spewing— das Spritzen odtr 
ftprattendes Kupfirs. L. W. Gilbert records the projortion of particles of copper to 
a height of 8 ins. during tho spitting. C. M. Marx stated that a hissing noise attends 
tho escape of gases from spitting copper. Tho spitting produces the ao-called blister 
popper— Blesenkupfer. Copper which spits after re fining is brittle owing to the presence 
of cuprous oxide, whereas that which does not snikig ductile. E. Abel found that if 
copper bo melted in a graphite crucible and allowed to cool while exposed to tho 
air, spitting occurs just before the metal solidifies. - H, Cartm melted the metal in 
glued porcelain crucibles in an atm. of hydrogen or carbon monoxide, and noticed 
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that the cooling liquid remains at rest until, just before solidification, it seta up 
internal movements as the evolution of gaa begi ns. Soj ae carbon dioxide was present 
in the evolved gases; it was formed by the oxidation of carbon monoxide during 
the reduction of the dissolved cuprous oxide. It is doubtful if the gas which 
escapes from the solidifying metal is realty oxygon as 3. Lums f 0. L. Erdmann and 
R. F, Maichand, and T. Schaerer supposed: W. J, Russell and A- Matthiessen any the 
gas is a mixture of carbon monoxide and sulphur dioxide. T. Graham extracted both 
hydrogen and carbon monoxide by heating copper in vacuo ; M, Guirliard says that 
the gas so extracted is mainly carbon dioxide, A. Caron, 8, Stein, W. Stahl and 
W. H&mpe also attribute the spitting to the escape of these gases, T, It, Merton 
proposed to utilize the ready absorption of gases by finely-divided copper to produce 
high vacua. 

According to W. Hampe, spongy copper docs not adsorb hydrogen at ordinary 
temp.; but, according to A. diverts, copper prepared by reducing the oxide at a 
rntbhcafc in a stream of hydrogen, contains 0'7t) to 0’49 vol of hydrogen, and there 
are no signs of the formation of a hydride* H, Modena showed that the hydrogen 
absorbed by spongy copper reduced from the oxide affects the weight of the metal 
to the extent of about 3 parts in 100,000, or 00U29 grin, of hydrogen (at a red-heat) 
per 1<JU grow, of niutal reduced from oxide \ and in another experiment (at 175°) 
he obtained (KI20O grm. of hydrogen, T. Graham obtained OiXKJtt grm, of hydrogen 
per 1(H) gmis, of reduced utidu ; O'UOUSgrm, porlOUgrms. of wire ; (LS, Johnson, 
0 0174 grm, for rolled win;; and 0. Leitzomncyer O k (HJ(>l for wire-gauze. Otherwise 
expressed, H, Musfens, and 0. L, Erdmann and R, F. March and dounrl 3 veto. of 
hydrogen were occluded by copper at n red-heat; T, Graham, O'fi vol.; G. Neumann 
and F. Strewtz, 4 S1 vols, ; 0, P, Baxter, 14 to 2 1 vofe. \ A, I^edur, IfPvofe, ; 
G. S. Johnson, 12 to 3 vok ; mid 0* Leitzcnmeyer, 3 to 6 voln. The older reports 
of the amount of hydrogen occluded or adsorbed by copper are stated by A. Sieverts 
to be too high in con no [pie nee of inadequate methods of analysis. According to 
A r Sievorts, a purs* of cop|>er wire begins to adsorb hydrogen at 400°, the amount 
adsorbed increases with temp. E. Jurisch found the amounts of hydrogen absorbed 
- expressed in mgrma. per Lx) gnus, of copper - to Iw 
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vol. of gas per vol. of copper; and the metal retains O'Ofi vol, on cooling. A. 
Sic verts found that the hydrogen ail sorbed between 20 0 ond 9#)*, and atm. preas., baa 
scarcely any effect on the electrical conductivity, R, Lenz found that electrolytic 
copper contained the eq. of 3 4 vols. of hydrogen ; 0'37 vol. of carl>on monoxide | 
carbon cq. to (HO vol. of carbon dioxide ; and 1'14 vols, of water vapour per 
volume of copper. The metal is supposed to have been roofed in an atm. of 
hydrogen. According to J. L. W, Thudichum and H. W, Hake, new wire adsorbs six 
times os ftuch hydrogen as wire which has been re-oxidized and re-reduced, G. S. 
Johnson pointed out the importance of the adsorption of hydrogen by the copper 
wire used in organic analyses. The occluded hydrogen is given off when headed in 
vacuo, J. L + W. Thudichum and H + W, Hake say that the hydrogen can bo com¬ 
pletely expelled by carbon dioxide, but G, Neumann says that this is not the case 
at 230°; and A, Lcdue found, that the hydrogen is not expelled by parsing air 
over the red-hot metal. E. Heyn found that the sp* gr. of the metal, heated in 
hydrogen at GOO*, falls from S'9 to 8'4, and L. Archbutt also found that an expansion 
of the metal occurs during the adsorption of hydrogen. According to W. E. Ruder, 
the brittleness due to the so-called bnTniwf of copper, and the alleged expansion of 
the metal during the adsorption of hydrogen or reducing gases, is essentially due to 
the reduction of cuprous oxid^ about the primary grains of metal (solid) leaving a 
more or leas spongy mass of little mechanical strength. The brittleness begins to 
appear with dlry hydrogen at about 400°, at 000° in wet hydrogen, at 800° in carbon 
monoxide* and at 700° in steam, popper, completely deoxidized while fused, 
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nmiiu unaffected by the reduction. N. B* Pilling also showed that the deteriora¬ 
tion in the mechanical strength of copper which contains disseminated oxide, and 
which has been exposed to reducing gases, is due to a motion with the cuprous 
oxide which ia attended by the formation of steam at a press, great enough to cause 
lack of mechanical cohesion in the puffed copper. At 700 s > the rates of diffusion 
of hydrogen, steam, carbon monoxide, and carbon dioxide in copper, were respec¬ 
tively aa 1000, Gfi, 17, and 0*6. The diffusion with hydrogen was considerable between 
400° and (SCO 0 . W. 0. Hothersall and E. L. Rhead found evidence that solid copper 
retains a little hydrogen permanently in soln., and studied the effect of occluded 
hydrogen on the casting of molten copper; H. Moore and S. Bedkinsalo, W* C. Hother' 
sail and E, L, Khead, and N. B. Billing investigated the action of reducing gases; 
and G, Tamm an n, the evolution of gas during the annealing or reciystallisation of 
copper. H. S. Taylor and R* M. Burns studied the absorption of hydrogen, 
carbon dioxide and monoxide, and ethylene by finely divided copper. 

E. G. Bartlett and W. Merrill 4 obtained what they supposed to bo a cupric 
hydride, CuH a , by passing hydrogen over heated cupric oxide until the weight is 
constant, A. Loduc reported the formation of copper hydride by passing a stream 
of hydrogen for alwut two hours over a quantity of copper, contained in a 
combustion tube, heated to cherry-redness at the middle and to 300° at the ends, 
a solid of a hyacinth-red colour was formed at those |»arts which had reached, 
but not exceeded, dull redness, and when these parts were subsequently heated 
to bright redness in a stream of carbonic anhydride, the escaping gas was found 
to contain hydrogen, together with a little carbon monoxide. He argued that 
a definite compound is formed because the dissociation press, of hydrogen in 
copper attains a definite lower limit—between 013 and O H mm. of mercury—but 
A. Sievorts and W* Krumblmar show that the alleged hydride probably docs not 
exist, but a solid soln* is formed; hut A. Hicverta did obtain what he regarded aa 
cuptom bjdlitle, (!uH, by the action of sodium hypuphosphite on cuprous 
chloride. W, K* J. Sclioor also believed that a copper hydride is formed whan 
a soln, of cupric sulphate acidified with sulphuric acid is treated with zinc, and, 
according to F, Mylius and O, Fromm, a copper-aiuc alloy is precipitated as a 
black amorphous jwwdcr. The black jjowdisr— biack capper —obtained by J, 0. Pog- 
gendorff, H, Buff, C. Ullmann, and M. (’olletas in the electrolysis of a dil. 7 per 
runt, soln. cupric sulphate, with 10 per cent* of free sulphuric acid with copper 
electrodes at 2‘G to 3‘5 volts, and current density over unity, was shown by 
A* 3oret to contain an amount of occluded hydrogen dependent on the temp, 
and acidity of the soln. F. Mylius and 0. Fromm found that the black pro¬ 
duct has only a few vols. of occluded hydrogen. F. Forster and 0. Seidel, and 
F* Mylius and 0. Fromm believe the so-called black copper to be a kind of hydrogen 
alloy, The electrolysis of a very dil., slightly acid, ^N-soln. of copper sulphate 
with a high current density at the cathtule furnishes a deposit of black copper if the 
soln, be not stirred, and of red copjxjr if the soln, bo stirred* With a ^jV*eoln* as 
eleotrolyte, the black deposit is obtained in cither case. The electrolysis of a 
^I^AT-aolb. of copper nitrate also furnishes black cupper, but if ammonium nitrate 
is added to the electrolyte, red copper is de(waited, and hydrogen is evolved. 

So far there is no adequate evidence of the formation of a definite copper hydride* 
A. Wurtf, however, treated an aq, sola, of cupric jrolphate below 70° with hypo- 
phosphorous acid, and obtained a yellow precipitate which soon changed to a reddish- 
brown colour. The experiment haa been repeated bp F. Mawrow and V, Muth- 
monn, 0, F. Eommclsberg, and H* Rose. D, Varlondcr and F* Meyer recommend 
adding 100 grins* of sodium hypophdaphite, NaH a FO a , in 310 grins. of sulphuric 
acid of sp + gr. l‘J3 to a soln, of 7G arms* of crystallized cupric sulphate in 300 c*o. 
of water. If an exceas of bypophosphoroua oo^ia used, same copper remains 
in sob* E* A. van der Burg said the precipitate contains some copper, and 
copper phnspliate* and develops less hydrogen than correspond! with CuIL 
A* W urtre analyses gave 1 f 22 pergnot* of Ijfydrogon, whereas the theoretical value 
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ff CuH is 1*55 per cent. E. J, Bartlett and W. Merrill claim that cupric hydride, 
aHg, is the product of the action of hypophospboious acid or of the hypophoaphitea 
l cupric sulphate or oxide. M. Berthdot has stated that the alleged hydride ik 
raied with an absorption of heat, and always contains water, phosphorus, and 
tygen, probably present as a very basic (cuprous phosphate. P. Schutwnbei^r* 
aimed that hyposttlphurous acid and its salts precipitate cuprous hydride admixed 
tth metal from solo, of cupric sulphate, but J. Meyer and 0. Bruuck could not 
btain satisfactory evidence of the formation of the alleged hydride on reposting 
SchhUenbeiger's experiments. 

& It Nasim and F. AMcrlini say that the hydrogen Line is not present in the spark 
Bectrum or the oxy hydrogen flame spectrum of copper hydride. A, Wurti found 
ihat his product in moist air readily forms yellow cupric hydroxide, and in dry air 
t blackens in about a day. According to H. Mo Usury fluorine in the cold gives a 
green flame with copper hydride, and forms a black mass ; it was also found bv 
Wurtx to inflame in chlorine and bromine. W. K. J. Schoor found that it 


teveloj>s hydrogen when treated with water, and more energetically when treated 
vith hydrochloric add; 0. Brunck found that sulphurous acid decomposes the 
iniduct with the evolution of gas. J. H. Gladstone and A, Tribe found it 
onvsrts chlorates into chlorides, and nitrates into nitrites and ammonia; and 
erricyanidcs to ferrocyanides. According to E. J. Bartlett and W.* Merrill, 
Lrsouic trioxide is not changed, but if a drop of hypopbospborous acid is added, 
arsine is developed. D. Vorlander and F, Meyer, and L, Chiowa have studied 
the reduction of organic compound* by the alleged copper hydride# A. A. Poliitt, 
the hydrogenation of oils with copper as the catalytic agent. F, Mylius 
and 0, Fromm say that copper hydride dissolves rapidly in a soln. of potoarium 
cyanide with the evolution of hydrogen ; with a soln, of cupric sulphate it slowly 
forum sulphuric acid and crystalline copper; it dissolves in solo, of ferric chloride; 
and with auric chloride it gives a black mixture of copper and gold. 

Violent explosions have been reported as a result of paring water on the surface 
of molten copper, and also as a result of a workman spitting in a large crucible of the 
m nlten metal. This, however, is large I van effect of the sudden change in the state 
of aggregation of water, rather than of a chemical action between the heated matal 
and the water. In 1#KJ, J. li. Proust reported that water is decomposed by copper. 
11, V, Begnault & found that the water is slowly decomposed at a white-heat 
forming cupric oxide, S. Kern noted the formation of oxides of ropper when steam 
jh superheated in ropper tubes ; und G. K. Elliott found that under these conditions, 
the copper becomes crystalline ami brittle ; the cause of the disturbance is indicated 
above, L. Wohler and 0, Bale studied the equilibrium of steam in contact with 
copper at 45(J° and observed no other than cuprous and cupric oxides are formed. 

Water alone acts very slowly on copper; this is shown when water is distilled 
through a copper tube condenser, but M. E, ChevreuL 0 reported that such water 
is slightly Contaminated by copper. According to M. T. Mengarini and A. HcaU, 
copper in contact with distilled water gradually yields a colloidal solti. in which 
the particles of copper can he detected ultramicroscopieally. According to M. U. 
Schuyten, copper reduced by hydrogen docs not decompose water even if potassium 
jwrmanganate be present, nor could W, van Rijn or M. M. P. Muir detect any 
action of distilled water on copjttr. H. T, Barnes and G, W. Shearer could detect 
no signs of the formation of hydrogen peroxide when air is passed through water 
in the presence of copper. » 

T. Carnelley showed that distilled water dissolves a distinct amount of copper 
on standing in contact with the metal for an hour. The amount dissolved is increased 
by the time of exposure, Und by the extent of metal surface in contact with the 
water. 100 c.c, of water at onjipary temp, when in contact with 2 aq. deem, of 
copper, dissolved: * ■ 


Time exposed * 1 S 3« 4 S 24 ill - H 73 lim. 

Cu dissolved . G1B5 OUJSG 0070 O Oyf 0-1GG *0108 0 210 0*200 0*380 mgnm 
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The presence of so/dcr diminishes the solvent action of water os copper, but is 

probably itowJf readily attacked, since the wider functions as tic electropositive 
or sacrificial element in tic solder-copper couple, The copper is always discoloured 
if exposed alone, but with solder, the copper remains quite bright. The action ia 
* less marked between 9(J fl and 100° thaa it is at ordinary temp. 

In view of G + T t Moody’s and J. N. Friend’s experiments on the rusting of iron, 
and of B. Lambert's experiments on the corrosion of load, it is probable that in the 
absence of air (dissolved oxygen), highly purified water would have no action on 
purified copper Indeed, G* D. Bengough and 0. F. Hudnon removed all but about 
1 c,c. of air per litre from distilled water, and they could dStecfc no corrosive action 
on copper during tho first 2i hrs.; a very slight tarnish then appeared ; and subse* 
quently no further action could he detected. According to J, Aston, when two 
strips of iron in electrical contact are placed in an electrolyte, and a stream of air 
is allowed to bubble about one of them an e.m.f. is established between the two 
strips—the aerated strip acts as cathode. If one of the strips is covered with a 
colloid, it becomes the anode. J. Aston also noted that the iron beneath a spot of 
rust is anodic to tho neighbouring clear metal. G. D. Bcngough and 0. F. Hudson 
made analogous observations with strips of copper and cupriferous alloys. 

G, D. Bongough and 0, F. Hudson thus described the ionic hypothesis of 
corrosion: Metals puss into soln. by electrolytic action whenever a clean metallic 
surface is in contact with a liquid which contains ions less electropositive than the 
metal itself. The nature and cone, of these ions determine tho corrosiveness of the 
liquid os regapls the olrrtrolytic type of attack ; and : 

Vbfln an atom of copper paswa into soln. it must obtain one or two positive ohing™, 
according as it into &oln, m cuprous or cupric iou. Alternatively one or two negative 
charges may appear, which corn™ to the earno tiling. Tfow in salt isoln., such as sea-water, 
tho cations with the luagt soln, press, arc tho hydrogen ions ; hence if copper is to into 
coin, it must displace hydrogen. Krom quite pure salt twin, copper cannot displace hydrogen; 
but iF there ia present in the dulix nomo depolarizer which will ivmovo thn hydrogen by oxida¬ 
tion sufflciontly quickly at tho moment it w about to bo discharged, then the copper can 
replace hydrogen. The depolarizer in the case of mi-wnter ia oxygen. 

On this hypothesis, thn copper is assumed to puss into spin, displacing hydrogen, 
and to be repreiipitatod back on tho copper as cuprous oxide. In the exchange 
of cuppor and hydrogen ions, N, K, Chaney believes that each point on tho surface 
of copper can act as anode and cathode ; the alternative view is that the surface 
is made up of anodic and cathodic areas, and that the copper passes into soln. only 
on the anodic areas, W, R. Hunstan and J. R, Hill maintain that there ia no 
evidence to show that dissolved oxygen can directly oxidize hydrogen at the cathode 
surface at ordinary temp., or that oxygen can net as a depolarizer, while reagents 
like potassium diebromate, etc., known to act as depolarizers under certain circum- 
stances, may render metals passive and delay corrosion, JG, D. Beugopgh and 
0. F. Hudson were never able to deteet the direct displacement of Ifydrogen by 
copper from distilled water or dil. arids. According to W. Ostwald and H. T. M. Wils~ 
moje, tho electrode potentials of hydrogen and copper at 0° are respectively —0 277 
and —Q'606 volt, so that although the values are close together, the former is the 
more electropositive, while 0. P. Watts and N + D. Whipple say that the position 
of hydrogen in the electrochemical aeries is below that of copper. In any case, 
G, D. Bengough and 0. F. Hudson found that the effects of alight variations in the 
physical conditions are of more importance than small variations in the e.m.f.; 
and that differences in the rate of oxidation have a greater effect on the speed of 
corrosion than small differences of potential. For example, if strips of copper and 
braes he electrically connected while immersed in 1 per dent, hydrochloric acid, the 
brass becomes anodic r yet the oathodic copper is slop attacked. Hence, it is assumed 
that the copper is directly oxidized \ that tho oxHe is dissolved by the acid; and 
that the most important factor in determining tto rate df corroakfti is the rate of 
direct oxidation by oxygen in sola, # 
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G. D. Bengough and 0, F, Hudson found that the action of distilled water on 
copper in the presence of air ifl attended by the immediate formation of a layer of 
tarnish over the surface of the metal. This tarnish consists of the lower oxide of 
copper. Under certain conditions the tarnish may be formed uniformly over tlw 
whole specimen, and be very resistant to further oxidation. The tarnish appears « 
to be formed directly on the metal and resembles and reinforces that formed by air 
oxidation. The tarnish is readily soluble in dil acids, such as hydrochloric acid 
(1 :10,000), and even in distilled water to a minute extent; it undergoes ultimately 
a further chemical change, becoming darker in colour and porous. This change is 
probably due to furfcSer oxidation, and perhaps hydration. Carbon dioxide 
probably also plays a part. 

Some time after the formation of the tarnish its further oxidation may take 
place at certain spots, and increased action occurs at such spots with the formation 
of shallow pita. This increased attack may be due to (r:) electrolytic action, i.e. 
ionic exchange between copper and hydrogen ions in the water, or (6) increased 
oxidation of the copper due to the porous character of the oxide scale at these 
points. The centres of increased action on the metal are definitely associated with 
the dark oxidized areas of the copper. These areas arc covered witli porous material, 
and the result is that oxidation becomes cone, on the underlying metal, a loose 
amorphous and probably readily soluble oxide being formed by the rapid attack. 
The increase in the rate of oxidation may possibly cause the metal to become anodic, 
and electrolytic action may take place to some extent. Later, the dark oxide tends 
to become detached and flake off, leaving the loose, porous, and non-protective 
oxide exposed. The action is thus localized. Part of the copper which passes into 
sole, by electrolytic action or by snln, of amorphous cuprous oxide may be pre¬ 
cipitated as a crystalline form of cuprous oxide. This substance is quite easily 
distinguishable from the amorphous or subcryslalline oxide which forms the original 
tarnish, It may be called the secondary oxide. 

Both the primary and secondary oxides mav undergo slow changes with timo, 
and may eventually form black cupric oxide and blue-green hydroxide, possibly 
associated with traces of basic carbonate. The secondary oxide, however, fre¬ 
quently persists for long periods of time. The hydroxide or carbonate is not in¬ 
frequently seen at the bottom of the pits. After three, months of inuneraion the 
surface condition of cast copper was found to be as follows : (ra) Certain areas still 
exhibit the original tarnish in an unchanged condition. Such areas will usually 
form but a veij small portion of the whole, not more than 1 or 2 per cent,, but 
may amount to nearly 40 per cent, (h) The greater part of the surface ifl covered 
with oxidized and porous primary and secondary oxides and hydroxide, (c) Beneath 
this layer arc present a number of shallow pits formed by electrolytic action, or by 
increased local oxidation. The latter view is the more probable. The net result 
of the whole action, at the end of several months 1 immersion, is to cover nearly the 
whole flurfdtc of the metal with a layer of oxide of varying degrees of thickness, 
oxidation, and physical condition. 

Copper soon becomes covered with a greenish film when exposed bo tho jpint 
Action of carbon dioxide and moist air, as demonstrated by P, A, von Bonsdorff. 7 
A. W. Carpenter exposed sheets of copper (Q9'5-90'7(> per cent,}, aluminium, iron, 
and steel to corrosion in different places, and measured the rate of corrosion in Ions 
of *hickness per surface inch per year : 


Copper 
Aluminium ► 

Iron , 
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According to PT B. Ahrebs, the attack is more rapid in the air of towns ; and more 
rapid in countries with hygroscopic atm. than in dbv climates like that of Egypt. The 
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uA-grecn Wo atom* famed under these conditions is ctMmiqm- 
i*Zd*gru t ftreyish-)!rpi’n— althougb the loiter term » more co^y apphed 
fo the basic Ancient bromr* preserved in museums, ^reliable to develop 

9 licit gram colour at one or more points upon their surfaces, and thia spreads by 
degree* over the whole surface of the mrtawx mdodw* The disease is called rogm 
or caries of bronze, and it is regarded as a pest or plague in archeological museum 
Thfl copper a nd bronze antiquities found in the earth or in graves are also 
usually covered with a green or blue cruet—called patina or &tvgo trouts varying 
in thickness from a very thin film to one several nun. thick. The outer green 
crust la mainly basic copper carbonate, and below this, text to the metal, is a 
reddish layer mainly composed of cuprous oxide. The patina may contain 
malachite, CuCO s *Ou(OH) m ; aaurite. ^CuOO-j.CujOHJs; atacamite, CuCi a .3Cii(0H) e ; 
admixed with covetlite, CuS, tin oxide, silver oxide, iron oxide, lead carbonate or 
chloride, and ammoniacal salts arc sometimes present. s The composition naturally 
depends on the composition of the alloy, the texture of the metal, the nature of 
the soil, and the length of time the metal has been exjxjscd to particular conditions. 
Chlorides are common in the patjim of Egyptian bronze antiquities, and this is to 
be anticipated when it is remembered that Egypt was once the bottom of a sea, 
and that the soil water is brackish with sea-salt. 

Many natural waters can take copper into soln. when passing through pipe* of 
this metal. According to E, ReiHiurdt, ordinary water which had passed through 
copper pipes contained 7 21 mgrms. of copper per litre when the pipes were first laid 
in 1869, but,,in 1872, thirteen yearn later, 0 8 mgrm. ]»t litre was dissolved, and 
even this email quantity gave a perceptibly green roup. B. Roux also reported 
that on epidemic in a village was supposed to be due to the presence of this metal 
in the water which had paxsert through enppor pumps and pipes. G. Wetzlar 
found that cojipur is readily attacked by saline soln., and less readily when potassium 
carbonate is present, A. Vogel rould detect no effect by exposing copper to 
tko action of lime-water, diluted with twice its own volume of water. Water 
containing carbon dioxide in soln. has an appreciable action on copper, and, 
according to M. M. P. Muir, the attack is hastened if the water contains chlorides 
or nitrates in soln. but not so much if carbonates arc present; indeed, if much 
carbonate is present, the water does not attack the copper, 1\ D, Merica and 
R, W. Woodward noticed that the corrosion of manganese bronze in water and 
moist air did not appear to be affected if the metals were exposed while subjected 
to a stress. 

T. Carnelley found that « 48 hrs. exposure of a aq. dcm. of copper to salt soln, 
of different cone, dissolved the amounts of copper expressed in mgnns. indicated 
in Table VI, W'ltli the exception of the ammonium salts, the nature of the base 
appears to have hut little influence on the result, the action dcpemhi principally on 

TaW-e VIa ,—lirvucT or DirrEHFNT Halt Holutjuns on Coppfit. 


draw, of sill in fluln. 

c 

WWl 

1 .y 

11 UTv | 

u&u 

606 

Potassium nitrate i 

UI3 

0 07 j 

0-13 

0J4 

0'lfl 

Sodium nitrate | 

— 

— | 

t oqa 


010 

Ammonium nitrate . j 

0'08 


Q'M 


004)0 

Calcium sulphate | 

— 

— 

oqo 

_ 


Poiaftiiura sulphate . i 

o-n 


frl2 

0'lfi 

0-28 

Vagnmium sulphate. 

— 

— 

O‘I0 


034 

Ammonium sulphate 

O'H 

0-J7 

060 

2-30 

28-60 

Sodium carbonate 

0*00 

ooe 

O'll * 

0-20 

S'80 

Fotaamum oarbonatf f 

— 

— 

0*14 


£30 

Sodium dhlorida j 

0-07 

04)7 

* ‘ 0-14 

1U3 

7-flO 

Potaflium chloride , 

^ 1 

— ! 

* 

— 

8*17 

Ammonium chloride. 

- 1 

— I 

0 02 * 

_B 

168-76 



COPPER 


T7 


me acid radicle, and this inertias in parsing from'nitrates to aulphatea, carbonates, 
pd chlorides. The chlorides are the moat active. The action of ammonium salts 
L far in excess of that of any of the other salts tried. The solvent action increases 
pith the time of exposure, and with the surface area of the metal exposed. The 
lotion with potassium nitrate and sulphite was decreased by raising the temp.* 
to between 90° and 100°, but with sodium carbonate and chloride, and ammonium 
pilphatoj the action was increased. Q. D. Bengough and 0. F. Hudson attribute 
the greater solvent action of soln. of ammonium chloride to the removal of the 
protective film of oxide as fast as it is formed owing to the solubility of the oxide 
in ammonium chloride Wn. 

According to W. A. Tilden, the action of soln. of sodium chloride is greater than 
that of soln. of magnesium or calcium chloride. The air is of great importance in 
hastening the action. W. A. Tilden says that " brass may be boiled with a soln. 
of salt for any length of time without alteration, provided air is excluded ; ” and 
that the action of sea-water on the copper sheathing of ships is generally much tho 
worst near the water-line. Although T. Camel ley found that tbe speed of attack 
increased with the cone, of the soln., W, A, Tilden, in agreement with H. Davy, 
found that very eonc. salt soln. did not act so vigorously as more dil. soln.— 
presumably because eonc. soln. absorb oxygen less rapidly than dil. soln. The 
subject has also been studied by G, Lunge and L« Wcibcl, H. Kell, X. Hocques, 
H. Fleck, H. Ost, A, Wagner, etc. T, Oarnelley reported that the action of sodium 
chloride is augmented by sodium nitrate and more so by potassium sulphate ; the 
action of ammonium sulphate is slightly increased by the presence of jKjtassium 
nitrate, while that of ammonium nitrate is scarcely affected ; the activity of 
ammonium chloride is lessened by sodium chloride, less so by potassium nitrate* and 
sulphate. 0. P. Watts and N. D. Whipple studied the corrosion of copper by 
hydrochloric, perchloric, phosphoric, nitric, chromic, sulphuric, and acetic acids; 
by sodium hydroxide, and by a number of oxidizing agents—hydrogen peroxide; 
sodium arsenate and nitrite ; ferric sulphate and chloride ; jwtassium dichromate, 
chlorate, permanganate, nitrate, bromide, and iodide; and mercuric chloride, 
A. J, Halo and H. S. Foster studied the action of soln. of sodium, magnesium, and 
calcium chlorides, sodium hydroxide and carbonate, ami aq. ammonia. 

The general conclusion is that waters contaminated by sewage and nitrogenous 
products have a greater action on copper vessels, brass taps, and machinery fittings 
than water free from these impurities. According to A. Daubreo, waters containing 
sulphates and organic matter deposit a film of cupric sulphide on tho surface of 
copper, F. W. Shaw and T. Camelley say that a thin layer of cupric sulphide, 
obtained by washing the surface of the metal with ammonium sulphide, facilitates 
the attack by water, but reduces that of salt soln. F. Utehmann puts a spiral of 
iron or steel wire inside copper tubes to protect them from attack by salt soln. 
H. Davy also protected copper from salt soln. by joining it to a piece of zinc. 

If sally* water charged with air and carbon dioxide is allowed to act on 
copper or copper alloys, an oxychloride, analogous with the mineral atocamite, 
3CuO.ChiC9g.3HfA), is said to be formed. H. Berthelot has given an elaborate 
series of equations to represent the formation of patina on copper or bronze vessels 
buried in soils containing salty water. He supposed that the simultaneous action 
of water and the oxygen and carbon dioxide of the air and the sodium chloride 
upon the copper furnishes copper oxychloride: 4Cu+302+C0 2 -f2NaCl+3Hj0 
^SCuO.CuCja.SHjO+NaaCOsr A little of the oxychloride dissolves in the salt 
soln., and this in contact with the copper forms cuprous oxide and a double salt of 
cuprous and sodium chlorides: 3(^O.CuCl 2 .3H i O-f4Cu+2NaCl=2CuHaCli 
+30^0+3^0. The double salt is oxidized by air, CCuNaCl f +30H~3H 1 0 
^SCuOlj-l-aCuO.CuClj.aHjO-t-^aCL The cupric chloride so formed, in contact 
with air and copper, may form cuprous oxide, or be converted into the oxychloride : 
OuCl| -bSCu^-frQ+^Hgfl — flOuQ OuCllg flH^Q The cycle constantly recurs under 
the influence of moist air. The patina crust msjr vary from a very thin film to a 
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crust sevsi&l millimetres m titidbufig. Sonw pafcians ak fos& froJa cUondfifl And 
tots probably formed out of contact with soluble chlorides. Some patinas are 
comparatively stable, and do not change under normal conditions \ others, princi¬ 
pally those containing chlorides, arc unstable, and are liable to spread and deepen. 
t The farmer type of patina is not prejudicial bo the preservation of bronzes, and has 
accordingly been called noble patina or Edelpatina, 

If the green crust of a typical patina be removed by washing in dil, sulphuric 
acid, there remains a reddish crust of cuprous oxide which may be removed by 
washing with aqua ammonia so as to expose the underlying metal. The layer of 
cuprous oxide has been remarked by B, G. Sage (1778), J. Davy (1625), etc. It 
baa been suggested that the presence of cuprous oxide shows that the formation 
of this oxide is the first stage in the patmization of copper objects, and the carbonates 
represent the later completed stage. F. Wilxsl, on the contrary, assumed that the 
cuprous oxide is formed by the reduction of the copper carbonate formed by the 
action of moist air and carbon dioxide on copper. When such a film is moistened, 
a layer of a soluble copper salt is in contact with this metal, the metal reduces the 
aoln. to cuprous oxide or even to copper itsrlf; this is exemplified by the occurrence 
of copper ciystale in some patinas ; and by an experiment due to C. F. Bucholz 
when the lower half of a strip of copper is immersed in a cone, neutral eoln. of copper 
nitrate, and the upper half of the strip is immersed in a layer of distilled water 
au|KJri>Qscd on the copper nitrate soln, The lower half of the strip becomes coated 
with crystals of ropper and of cuprous oxide, 

Copper is rapidly corroded by seawater. When a piece of copper is immersed 
in sea-water, the liquid soun exhibits a bluish-white cloudiness, and, after a time, if 
the metal be exposed to the air, it becomes covered with a green crust. F. C. Calvert 
and R. Johnson v found that the following numbers represent the relative action of 
sea-water on a number of metals ; the results aae expressed in grams of metal 
dissolved by 10U litres of sea-water per sq r metre of surface, in a month, at ordinary 
temp.: 

Stwl. Imii, Oii Onflt). l'(i (i'iLhr) r Zn. Jujii tiealv.). Tin. I/uul. 

^7 37 liMW 5 «U 1J2 H5 trace 

A green deposit is formed on tlus copper, and this is readily washed from the surface 
of the metal if the water is in motion. Hence, if the water be in motion, but little 
of the green dejmsit is seen ; the copper is rapidly corroded ; and the surface of the 
metal of ten becomes dark red owing to the formation of eupro us oxide. F. C, Calvert 
and R. Johnson hence stated that the mechanical action of sea-water accelerates 
the attack. The composition of the crust wan investigated by 11. Davy. A. II. Sex¬ 
ton's analysis (1SXK3) of a sample of the green deposit furnished : 

Upjipur ttirinvutf b. rhlnriJj', t Water 

2!>77 &3a # 2-40 

The action thus appears to be a chemical attack by the oxygen, carbon dioxide, 
and chlorides in soln. in the sea-water. If air and carbon dioxide are removed from 
sea-water* the action it) rather slight. The attack may be uniform over the whole 
surface, more usually it is irregular, if not erratic, bo that portions may be in holes 
while the remainder is quite sound. When brass or copper tubes arc used in marine 
engines with salt waters, the motel may be rapidly pitted or the tube perforated. 
The cause of the pitting is not known; it has been^ttributed to the local voltaic 
action set up by contact with particles of metal or oxides less electropositive than 
copper W. A. Tilden found that the portions of metal which have been bent or 
distorted in any way, are more rapidly attacked than the undisturbed metal by 
hydrochloric acid or chlorides; etc, E. L, Rhefti found hard copper to be mpeh 
more readily corrodible than soft copper. T. A. Eastick attributed local corrosion 
to the presence of bard and soft areas in the metal, Gorrosion «waa found by 
A. Philip to be accelerated locally by contact with electronegative substances like 
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Sarbon or coke, 6. D, Bengough and 0. F. Hudson also found particles of string, 
(tinker, anthracite, sand, glass, and ferric hydroxide may accelerate local action, 
phile calcium carbonate generally exerts a protective action, and red lead is harm- 
esa. Much, however, depends on the physical condition of the particles, 

H. Davy argued that “since chemicah attractions may be exalted, modified, * 
yc destroyed by changes in the electrical state of bodies, and since copper is only 
peakly positive in the electrochemical scale, if it could be rendered slightly negative, 
the corroding action of sea-water on it would be nil.' 1 H, Davy demonstrated that 
the attack by ordinary s^f,-water is retarded if the copper be in contact with the 
ilectropositive metals—*tinc, iron, etc,—but the protective action extends over a 
small area in the vicinity of the protective metal, and the remedy failed \u practice 
because the sheathing thus protected became quickly covered with an earthy 
deposit on which sea-weeds and barnacles gathered more abundantly than when 
protectors were not used. M. Dicgel has studied the protective action of metals in 
relation to their contact difference of potential in sea-water. Tinning the condenser 
tubes may protect the copper so long as the coating of tin remains intact, hut 
directly the underlying brass or copper is exposed, the action of sea-water is 
increased. 

It has long been assumed that the rapid decay of the copper sheathing of ships 
could be hindered by alloying copper with other metals. Thus, J, Keir (1779), 
W. Collins {1S1 7), fi. Mushet (1823), J. llcvere (1830), M, Uzidli (1830), G, G. Bompas 
(1830), G. F. Muntz (1832), etc,, have patented alloys of copper, sine, tin, or iron. 
The brasses containing over 70 per cent, of copper arc attacked by «ca-water, hut 
not bo rapidly as copper. The zinc may be preferentially removed from these brasses 
much more rapidly than the copper, so that the brass is dezincificd ; in soma oases 
the copper is dissolved and partly redeposited on the corroding metal. Brasses 
containing less than 70 per cent, of copper am much more readily attacked than the 
more cupriferous brasses, Thu first attack of sea-water on a brass, with Cu: Zn 
--=1:1, is almost wholly confined to tin? zinc* Acid, mine, and other waters rapidly 
attack the zinc in brass alloys. 

According to G, D. Bcngough and 0. F. Hudson, the action of distilled water 
on brass in the presence of air may bo regarded as taking place in three stages: 
(L) The formation of a translucent tarnish consisting of oxide. It ia nearly uniform 
and not very porous to water or oxygon. A part of the zinc passes into soln +1 
probably after being first oxidized ; most of the copper oxide is found on the metal, 
but a trace is found in solm (2) The further oxidation of the tarnish, beginning 
at widely scattered patches and areas, to form a dark purple or block oxide and a 
basic salt of an amorphous nature. (3) The commencement of local pitting. The 
positions at which, this action begins are definitely related to the oxide areas 
characteristic of the second stage* 

A. Philip 10 explains the corrosion of brass by assuming that the alloy is an 
agglomeration of miiffite metallic couples of zinc and copper, but he says tliat the 
couples may also be formed of the different phases of the copper zinc-alloys, 
0. A. Edwards suggests that in the case of ordinary brass* the metallic couple^ arc 
of copper atid Gi^Zn^ whore the latter is slightly electropositive to copper, 
W, E, Gibbs believes that in brass, the characteristics of the component metals are 
to some extent altered, the zinc more than the copper; as a result, instead of a 
70:30 brass being rapidly detincified in aerated water, as is the case with a copper 
zinc couple, copper is lost rather more rapidly than zinc. He also stated that the 
corrosive action of sea-water results in the dissolution of the copper by the dissolved 
salts, and in the dissolution of the zinc by the dissolved gases. G. D. Bengough 
and 0* F. Hudson say that the normal action of neutral or nearly neutral sea-water 
is predominantly one of oxidation, and that the action of couples, if such exist, is 
too seriously hampered tQ be effective. Under some conditions, such os occur 
beneath certain deposit# of bo^c salts of a semi-permeable nature, and in other 
conditions where the rate of oxidation is sloy, tine may be removed in its 
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TOtfeaty from the bnw together with part of the copper, and some coppw is feft 
!$tf}{wL This suggests that pArt at least of the copper is not dirertiy waoc 
wtththc lino in any form of aggregate. The rest of toe copper may be so aa*^ 1 ** 6 j 
perhaps in the way suggested by W. E. Gibbs; there is therefore tbe pos^miity o 
^couple action tinder tion-oxidkmg conditions. It does not appear ecrtam, 

’ that any copper is left in nto when me passes into sola, ; what appears to be Jett 
may really be redepoeited. Thera is, however, a little evidence that the oxidation 
of the jdne docs actually get slightly ahead of the oxidation of the copper. 

Tbs bronzes resist attack by sea-water and other corrosive agents better than 
copper or brass. If much zinc be present, the bronze ma^ be attacked as readily 
as 3 it were brass itself. According to A. Carnot, manganese bronze resists the 
Action of mine and acid waters better than the other cupriferous alloys. 

According to A. (Jbodneif, J * if potomrinm hydroxide bo fitiwd in romwr vessels, 
without access of air, cuprous oxide k formed ami the mass in coloured blue. Tho 
aextract of the fused cake contains both cuprous and cupric oxide in soln., but 
G. N, Antonoff and B, V. MaJysche/f found evidence of tbe formation of jntf oxide. 
In 1833, A. Payed observed that copper is oxidized in a dil. soln. of potassium 
hydroxide in which iron remains bright, and the action is more particularly marked 
where the metal is in contact with air and water at the some time. Copper wetted 
with a cone. soln. of alkali hydroxide is coloured browniah-black in a few hours by 
exposure to air. The action is slower in dil. soln. The solubility of copper in alkali 
hydroxide soln, has been investigated by K. Murmann, U. Lunge and L Weibel, 
£ Wagner, etc, According to Jtf. Honigmanm copper vessels arc much attacked 
when used for the evaporation of soln. of alkali hydroxide \ the action is lessened 
if A piece of iron wire be present. 11. G. van Name and L, Qrafeiibcrg found copper 
electrodes are oxidized energetically when used with a current alternating 110 times 
. per second. 

According to H. Moissun, 11 * fluorine attacks copper superficially at onlinarv 
temp, and, just over 5<M) 0 , it forms the white Hue ride; at ordinary temp. 

J. Davy found that chlorine forms cuprous and cupric chlorides. The metal 
reduced by hydrogen was found by A. Osann and 8. B, Christy to bum in a 
stream of cbturine at ordinary temp, with a white or bluish-white Name and to 
furnish cupric chloride. In 1889, T, Andrews pointed out that if the chlorine lie 
thoroughly dried, there is no appreciable action. If. Gautier and G. Charpv found 
that a piece of copper wire sealed in a tube with liquid chlorine increa^d 3'241 per 
Gent, in weight after standing four months at 15° According to A, fkrisuii, bromine 
acts at ordinary temp, on copper reduced below 28Q C ; at 500°, it forms copper 
bromide. H* Gautier and G. Charpy found a piece of copper wire 2 mm. thick at 
15* lost (V371 per cent, in weight in 8 days in darkness witb dry bromine, and 
1 h T 40 per cent, in 4 months ; at liXf\ it lost (i 62 per cent, in 8 days ; a piece of 
similar wire 5 cms. long dissolved in bromine water with an excess of bromine in 
over 7 days. Iodine vapour or iodine monoohlorid& 101, reacts with finely divided 
Copper; a plate of copper immersed in an aq. soln. of iodine in soon covered with 
cryqfials of copper iodine, Cul. According to J, B, Hannay, the reaction with liquid 
iodine chloride is very slow for the first few minutes; cuprous iodide and chloride 
ire formed os well os a little cupric chloride. G. Tammaun studied tbe surface 
coloration of copper by exposing the metal to iodiiuyrapour at ordinary temp. There 
ore three different types of action according as (i) the metal has been rolled and 
cleaned; (ii) tbe mew bos been melted and thus cowered with Jorge crystallites: 
or (iii) the metal bos been left unworked and thus covered with multitudinous small 
dendritic crystals, C. Poulenc found hydrogen fluoride to have scarcely any action 
on copper at ordinary temp. According to H. Bertbelot, tiiy hydrogen chloride has 
bat little action on copper at ordinary temp., but jf oxygen be present, some cuprous 
chloride js formed, and the presence of water retorts the action. J. Thomsen says 
the reaction with copper begins at 200* and, t occording to P.* Jannacch and * 
H. Heimamij a mixture of bath chlorides is obtained. According to H. Ribalkm, dry 
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hydrogen chloride begins to tout with copper slowly between 92° and 100°, forming 
cup row chloride: 2Ca+2HCl^CuCl'f Hj, and the action is rapid at 230 fl —aee 
cuprous chloride. 5, E. Patten alec showed that in the absence of moisture, So In. 
of hydrogen chloride in many organic and inoiganio sol vents—chloroform, carbon 
tetrachloride, ethyl chloride, benzene, eilison tetrachloride, stannic tetrachloride,* 
phosphorus trichloride, arsenic trichloride, antimony pcntachloride, sulphur mono- 
chloride, and thiony! chloride—have no appreciable action on copper. According 
to R, J & Norris and F, G. Cottril, liquid hydrogen chloride does not attack copper, 
while liquid hydrogen iodide forms cuprous iodide at ordinary temp. The action of 
liquid hydrogen iodide "on brass was noticed by M. Faraday in 1844. 

According to 0. Poulenc, aq. hydrofluoric acid has scarcely any action on copper. 
H. Berthelot 13 noted that hydrochloric arid in contact with copper is in airrapidly 
coloured greenish-blue, but I. Knpferechliiger says that if air be excluded, hydro¬ 
chloric acid alone does not attack the metal. According to W. Odling, copper 
slowly dissolves in hydrochloric arid, forming cuprous chloride and liberating hydro¬ 
gen. The same result was recorded by J, L, Proust in 1799. Thu action, says 
T. Charlton, is quite rapid if the copper be finely divided. W. A, Tilden confirmed 
W. Odling’s observation with finely-divided copper, and found that rolled sheet 
copper is slowly dissolved in boiling cone, hydrochloric acid. Thin explains how 
“ brass is capable of being dissolved entirely in hot hydrochloric acid ; the zinc is 
for the most part attacked, and the residual spongy copjwr is then dissolved quite 
readily/* F. C. Cal vert and R, Johnson showed that an alloy of about equal weights 
of copper and rinc, immersed in cone, hydrochloric acid, gives up*in a few day* 
nearly the whole of the zinc, leaving the copper behind in a s|wngy state. According 
to J. Lowe, cold hydrochloric acid (sp. gr. l'lii) has scarcely any action on Rhcet 
copper at ordinary temp,; a more dil. acid (ap. gr. 1083) acts slowly, and the hot 
arid forms cuprous chloride and liberates hydrogen. According to R. Engel, the 
action begins between 15° and I9 a with an acid of sp. gr. 1083 flG'h per cent. HC1J, 
and is very slow when the liquid is sat, with cuprous chloride. C. Writzicn, A. Yogri 
and C. Roischauer, A. J. Hale and H, S, Foster, and H. Vogel have investigated 
the reaction. 8. Bushman found that air-free hydrochloric arid sat, with carbon 
dioxide dissolves copper onodically. H. Hager studied the action of copper on 
arseniferous acid, and of hydrochloric acid on arseniferous copper. According to 
J. E, Gcrock, selenifcrous hydrochloric arid attacks copper more rapidly than the 
ordinary acid. W, F. Brugman observed no evolution of hydrogen sulphide from 
copper containing some ferrous sulphide. The action of soln. of jodlnm chloride, 
potassium chloride, and ammonium chloride has already been discussed, vide 
Table V ; and G-. Quincke found that copper dissolves in molten cupric chloride* 
M. Berthelot observed that both hydrobromic acid and hydriodlc acid dissolve 
copper mere readily than hydrochloric arid. H. Rose reported that hydrogeiuis 
given off with the latter, and J, Thomsen, with the former provided platinum is 
present, Obpper is also stated to resist dil. hydriodic acid. 

In 1834* A. J, Balard, 1 * and, in 1903, A, D, White found that copper filings are 
partly dissolved by hypochlorCKU acid, forming cupric chloride, and partly convqjted 
into a green powder of a copper oxychloride. Chlorine gas mixer) with a little oxygen 
is at the same rime evolved. A. J. Balard also added that copper is readily con¬ 
verted into the oxychloride by sqjn. of hypochlorites, and there is a slight disengage¬ 
ment'of chlorine mixed with oxygen. E, Soubeiran (1831) stated that when a sheet 
cf copper is immersed in an wp solution (A bleaching powder* a blue layer of the 
oxychloride is gradually formed on its surface; small bubbles of oxygen arc at the 
same time evolved.. - The reaction is faster with powdered copper, and the oxy¬ 
chloride ia green. The evolution of oxygen is said to be a remarkable fact first 
attributed to the spontaneous ^^composition of the hypochlorite. A, D, White 
, found that with copper turning^, and an aq, soln. of bleaching powder, a green 
' oxychloride is formed, and GO c.f, of 94*3 per cent, oxygen were formed in the first 
12 hts.; 70 e.o. of 96'86 per cent, oxygen were formed in the second 12 hrc.; and 
vol. m. a 
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55 c.c. of 98*85 per cent, oxygen in the third 12 hrs. W. S. Hendrixson found that 
SiY-chloric add, at 50°, acts rapidly on copper; the metal simply disappears, forming 
a clear blue soln, In no case is any hydrogen evolved. When a normal rain. of chloric 
acid is electrolysed in the cold, using a rapper anode, the latter is attacked regularly 
•Over its whole surface nnd bct-onii'u coated with a layer of cuprous chloride which, 
however, disappears on wanning. Similarly, when copper is dissolved in a cold normal 
soln. of chloric acid, the metal becomes covered with a layer of hydrated cuprous 
oxide. It appears, therefore, that the metal passes into sola, in the cuprous form, 
the cuprous compound first produced being dissolved, if there is an excess of chloric 
acid present, forming cupric chloride and chlorate. With th^conc. acid, the reaction 
is complicated by the formation of oxygenated compounds of chlorine, and in the 
absence of an excess of free chloric arid, complex basic salts are precipitated. 
A. L. Voege found that copper, though but slightly attacked by sulphuric acid alone, 
is readily dissolved in the presence of potassium chlorate, and an almost quantitative 
yield of potassium chloride results. This reduction by copper without electrolysis 
is about four times that by Kino for rq, quantities dissolved, though zinc dissolves 
much more slowly limn does rapper. With copper electrodes the electrolytic 
reduction is probably leas than with Jtiuc electrodes. According to W. D. Bancroft, 
a hot aq. soln. of potassium chlorate is not appreciably affected by copper, but 
U. H. Burrows showed that reduction is complete at 9.Y. D. Rossi has also studied 
the reduction of sulphuric acid soln. of potassium chlorate between copper elec¬ 
trodes. 0, 1\ Watts and N. D, Whipple have studied the action of perchloric acid 
on copjicr. A*Ditto found that copper is attacked by rain, of hydriodic acid. 

The members of the family : sulphur, selenium, and tellurium, nil attack copper, 
fornilng respect ively sniphUie, Kclcaide, and tell 1 iridu- -q.v ,C. It. Hay w an 1 1 neaaurtid 
the rate nE petwt ration of copper by sulphur vapour by placing copper rods a definite 
time in boiling sulphur ; when cold, the specimen was broken open, and the copper 
core removed from the shell of sulphide, and weighed. The percentage loss in weight 
represented the eoppor converted to sulphide : 

Jlm<> r> 10 is an tie lyu iau £io mm*, 

Low . HJfi 1 HU :r:pj VMf UU 9'73 L ic-r cent. 

E. Obachfuund that copper acts on impure carbon disulphide, but not on the pure 
liquid; and A. CuvozzL that at a high temp., copper reacts with the vapour < if carbon 
disulphide, forming graphite and cuprous sulphide. In a study of absorbents for 
the vapour of carbon disulphide, A. KiWrt. found that when a mixture of carbon 
dioxide and carbon disulphide vapour is passed over copper heated to redness, 
almost pure carbon nmnoxide is abundantly evolved with niniultancom formation of 
topper Hiilphidc, CuJS. Carbon disulphide alone is decomposed when passed over 
copper heated below redness, and if copper, coated with carbon from the decom¬ 
position of carbon disulphide is heated in a stream of rarbon dioxide, only a limited 
and small quantity of carbon monoxide is slowly produced, " Jtentr, tfic mixture 
of gases )6 necessary for the above reaction, and decomposition and combination 
evidently go on at the same time. Without copper, the mixture of gas is not 
decomposed in this maimer, for instance, when passed overheated pumice. Sul¬ 
phur dioxide and carbon disulphide, when passed over copper or pumice heated 
even below redness, give rise to carbon dioxidq, and os a secondary product 
carbonic monoxide. J, Thomsen obtained what he regarded ns carbon mono- 
gulphide by passing a mixture of nitrogen and carbon disulphide vapour over heated 
copper, V. Iters and \Y, Weith found that hydrogen sulphidfl has virtually no 
act ion at ordinary temp, on finely-divided copper, but if air bo present, a vigorous 
reaction occurs. If copjicr (precipitated from a aoln, of^the sulphate by metallic 
rincjjajbrougbt into a- cylinder containing 2 vols^gf oxygen and 1 of sulphuretted 
hydrogen, it immediately turns black, then grotfb red. hot, and ignites the sul¬ 
phuretted hydrogen. According to A. Ditte, a ra]n. of p«tusiiim»nioiiosnlplud« 
does not act on the metal if air be oxduded, Jmt if air be admitted, cuprous sulphide 
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and potassium cuprous sulphide are formed. A solo, of ammonium hydrosulptudfi 
was found by G. Lunge and L, Wei bn l to dissolve appreciable quantities of the metal. 
According to E. Priwoznik, the ammonium and the alkali polysulphklea are con* 
verted into the monoeulp hides. The reaction lias also been studied by V. Marx 
and W. Weitb 5 and K. Heumann. C. Struver foimd that at ordinary temp, several 
natural sulphides are reduced by topper, forming cupric sulphide^-t?.#. arsenical 
pyrites and cahaltite are not reduced ; hotter ite is reduced in 3 days; pyrite acts more 
slowly, mareanifc rapidly, magnetic pyrites very rapidly. The reduction of aluminium 
sulphide and magnesium sulphide has been investigated by F. Lb Reiohel; of cad¬ 
mium sulphide by A. Colson ; of ferrous sulphide by A. Culson, and K Schiitz ; and 
of nickel sulphide by G. lb Schwedor. Zinc sulphide ami lead sulphide are desul¬ 
phurized by heating with topper. K. Heumann found that mercuric sulphide is 
rapidly reduced when boiled with finely-divided copper and water. 

When copper is heated in a stream of sulphur dioxide, f. Uhl 1,1 found that cuprous 
sulphide, sulphate, and a little sublimate are formed. E. Heyn and 0. Bauer found 
that the sulphide begins to form at 4 JU(G if reducing agent* be present, but not if 
they arc absent. According to VV. Hampe, molten copper absorbs sulphur dioxide, 
and part is retained when the metal solidifies, which is not removed, except perhaps 
superficially, and very slowly, by beating the metal in a stream of an indifferent gas. 
J. Uhl found that a mixture of dry sulphur dioxide and air is not transformed into 
sulphur trioxide when heated in presence of copper, but the surface of the metal is 
blackened owing to the formation of a compound which gives hydrogen sulphide 
when heated in a stream of hydrogen. A. Sieverte ami E. llergner Wild the solu¬ 
bility of sulphur dioxide in copper increases with the temp., and the amount in 
dissolved varies with the *q. root of Hie press, p up to cone, of about 7 per cent., so 
that w ^ where k is constant. The observed results are in part explained by 
assuming that the sulphur dioxide is decomposed in soln., funning cuprous sulphide 
and oxide : SO^dGu^Custt-l-SCu^O, and the corresponding equilibrium holds 
only in a qualitative manner. 

According to S, U. Ihckering, while sulphurous acid under some cireumstaneca 
may dissolve some copper, yet if that metal he heated in sulphurous aeiil while a 
stream of sulphur dioxide is drawn through the liquid, the copper remains untar¬ 
nished and unattaeked, G. Barruel left seme copper and sulphurous acid in a 
sealed tube for six months, and found copper sulphate and a black body wore formed ; 
the latter was probably copper sulphide; !i('u |-iiir i SOij--CuS J-CuSO^4-21^0. 
II, Causae found that an aq. solo. of sulphur dioxide acts slowly on metallic copper, 
forming cupric sulphite and hyposulphuroiw acid ; if, however, n large excess of 
sulphurous acid ia present, hydrogen sulphide is formed, precipitating the sulphide 
from the aoln. of cupric sulphite, and routing the metallic copper with a film of 
sulphide ; a precipitate of sulphur is also produced. These reactions appear to take 
place more rapidly when the copper is expos'd to an atm. of moist sulphur dioxide, 
L. P. he UilJes noticed that when copper filings wetted with hydrochloric acid 
arc treated with sulphurous acid, copper sulphide is formed ; G. Geitncr also obtained 
cupric sulphide by heating copper with sulphurous acid to U<)0 U ; H. iteinsch Tind 
J. Uhl found that copper is converted, by an aq. sulphuric acid or hydrochloric acid 
soln. of sulphur dioxide, into cuprous sulphide. M. Ecrthelot also noted that when 
copper is heated with sulphurous acid, the colour becomes dark red or reddish- 
brown owing to the formation of an oxysulphide or cuprous sulphite, and cupric 
sulphide slowly appears, G, Bredig studied the catalytic action of copper on the 
oxidation of sulphites, and noted the retardation of the action by manuita or 
glycerol; and H. Roller 4 alao noted the catalytic oxidation of sulphurous acid at 
100° in the presence of copper. 

According to E. Divers and ^*Shimidzu,^ copper in not acted upon by lulphur 
triodide provided moisture he rigorously excluded; and when spongy copper, reduced 
in hydrogen, is treated with pyuoflulphuric add —fuming sulphuric acid—there is 
a alight effervescence, the copper soon Slackens, Wl then further action proceeds 
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with extreme slowness. Only traces oE copper «e present in the acid liquid. Wats* 

dissolve* s little sulphate from the blackened copper, but leaves the!black coating 
of cuprous sulphide. It therefore appears that, in the cold, the first reaction is; 
Khi+iH t 80 4 ^3Ca8O t +C\i s S-i-iH s 0, but further progress » quickly arrested 
%y the insolubility of the products. G* Barruel found that the reaction between 
copper and sulphuric Mid occurs at ordinary temp, if sufficient time be allowed. 
G Baakerville said the action began at 0° + B. Salkowaky showed that m the 
presence of hydrogen peroxide, sulphuric acid readily attacks copper. Under 
these conditions, however, the action is so slow that F. C, Qalvert and R. Johnson 
failed to note any action below 130° and supposed that none takes place ; and 
L. W, Andrews says that the reduction of 98'4 per cent, sulphuric acid by copper 
does not begin below 86*, that is, not until the acid has become partially dissociated 
into sulphur trioxide and water—the dissociation of the acid begins just below 70*. 

According to M. Bcrthclot, if air be excluded, cold cone, sulphuric acid acts 
(dowdy on copper, giving, in aWt 8 days, considerable amounts of sulphur dioxide, 
and forming a layer of cupric sulphide and sulphate; the unattached copper has a 
reddish tint possibly due to the formation of a basic: aulphitc. According to 
F\ rintolewi, if air he exc luded, the solubility of copper in sulphuric acid is less 
the morn dil. the acid ; cold dil, sulphuric acid attacks copper only in the presence 
of air. According to S, U. Pickering, at 100* the amount of copper dissolved in 
half an hour by sulphuric acid of different cone, is as follows: 
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3. U. Pickering also gave Table Vtl in illustration of the influence of temp, on 
the products of the reaction, between copper foil and sulphuric acid of sp, gr. 1843. 
J, J. Berzelius mentioned the formation of a black insoluble powder, oxidizablo 
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by nitric acid; and he assumed this product is u Apper subsulphatc ” J. Davy 
noted the formation of cupric sulphate and sulphide; and G, Barruol thus describee 
the reaction between copper turnings and sulphuric add iq a closed vessel, completely 
filled with liquid, at ordinary temp*: 

At the end of one week, the liquid has a pale roerf colour; at the end of three week^ 
the liquid a decolorised, and the metal in bright; at the end of eight weeks, a small quantity 
of brownish powder is deposited at the bottom of the vetAel; this powder inoreaen in quantity 
up to the fifth month, and final# transparent oolourieee ciystal* of anhydrous cuprio 
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sulphate ore deposited on the udu ol the vessel After the rfone^ of six months the colour* 
leas liquid emit* a strong odour of sulphur dioxide* and turn* blue when mixed with water, 
showing that it contains anhydrous cupric sulphate dissolved in the sulphuric add. 
Hence* it follows that sulphuric acid is slowly decomposed by copper yielding cupric sul¬ 
phate and sulphur dioxide : Cu+2H t SO < =CuSO ( +0O,+2H,O J and that the latter ia wholly 
consumed in forming cupric sulphide and sulphate: 2Cu+3H t SO l =»&iS-|-CuS0 4 +211,0* 

B, G, Msumene analyzed the black body and assumed that it contained cuprous 
sulphide, Cu a S; copper oxysulphides, CuO.aCu^S; Cu0.2Co8; and CuO.CuS. 

C. Baskervitie also said thet in the absence of air anoxystdphida, Cu0.2CuS* i a formed 
at about 250*. The black film has been studied by J. Laubheiincr, and many others; 
S, U. Pickering found that it contains copper and sulphur but never oxygen. Cuprous 
sulphide is best formed between 100* and 130°; at a lower temp, leas is produced* 
and at 270° none appears. T, Kliche found that the relative amounts of cuprous 
and cupric sulphides, and of sulphur which arc produced in the reaction* depend 
on the duration of the action ; at 125° or 130°, sulphur slowly unites with cuprous 
sulphide to form cupric sulphide. 

The action of hot sulphuric acid on copper is thus described by 3, U. Piokering; - 
Sulphuric acid attacks copper at all temp, from 19“ {and probably even still lower) 
upwards* to an extent increasing rapidly with the increase of temp.; with the 
exception of a few minute and occasional bubbles of sulphur dioxide, no gas is 
evolved from the liquid till about 130°: as soon as the copper begins to bo attacked, 
its surface becomes dull and covered with a film of black cuprous sulphide ; when 
the amount of cuprous sulphide floating in the liquid is small it exhibits a brownish 
colour* similar to that exhibited by small quantities of the cupric sulphide when 
suspended in a liquid; but as the quantity of cuprous sulphide increases, the iftilour 
deepens and soon appears perfectly block. If the temp, be allowed to rise* the liquid 
generally begins to boil below 300*, the b.p. of pure cone, sulphuric acid bring 
327°; when the source of heat is withdrawn, the suspended sulphide subsides, 
leaving a bluish-green solm containing copper sulphate* which, on cooling, crystal¬ 
lizes out from the acid in white acicular anhydrous crystals, leaving the sulphuric 
acid free from dissolved copper, and, when the proportion of metal and acid above 
mentioned is used* but little diminished in density. After the copper is entirely 
dissolved, and sometimes even before this, a deposit of sulphur appears in the 
neck of the flask. No gas insoluble in water, such as oxygen or hydrogen, is given 
off during the action. 

S. U. Pickering showed that the reaction between sulphuric acid and copper may 
be supposed to involve two primary actions: (i) Cu-f 2 H i ;S 04 =CuSQ 4 -(- 802 + 2 H a 0 I 
which m turn is compounded of a reaction in which cupric sulphate and nascent 
hydrogen are formed: Cu-f H 2 S 0 4 =CuS 0 4 + 2 H; and the reduction of the sulphuric 
acid by the nascent hydrogen: 2HH-H*S0 4 =S0 a +2H a G. The other primary re¬ 
action is (ii) GCu+ifliSOi^Cu^S-t-SCuSOi-h^H-jO, which does not involve nascent 
hydrogen, * Both reactions may take place together, or cither may occur alone. 
The first reaction predominates between 0 ° and 270 6 , and above that temp, it 
occurs alone; the second reaction increases between 0 ° and 100 °, and decreases 
between 100 * and 270°. The several other products which occur may be regarded 
as being formed by the decomposition of cuprous sulphide by the sulphuric acid: 
Cu t S-f2H s S0 4 =CuS-fCuS0*+t) B +2H ! 0 J and of Ae cupric sulphide by the 
same acid: CuS+2H a S0 4 =S-j-CuS0 1 4'S0 < H-2H a 0. According to this inter¬ 
pretation of the reaction* cuprous sulphide is a direct product of the action of the 
acid on copper, and cupric sulphide is the result of a secondary reaction. H. Causes 
found some cuprous sulphite is formed. 

T. Andrews, and 0. AT. van Deventer favour an oxidation theory in which cupric 
oxide* sulphur dioxide, and wa^ are supposed to be the primary products of the 
reaction rather than the formation of sulphate and hydrogen; in both theories 
the acid is reduced and Acte as an oxidizing agent* No direct proof of the formation 
of hydrogen has been adduced. He a]po prefer* the assumption that water plays 
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an important put in first forming cupric oxide and hydrogen: Cu+I^O=CttOH-2H; 
followed by Cu0+n 2 S0. ( =l , iiSG!,+H s 0 and by 2H+H J ,80 4 =2H e O+80 s . 
According to C. H. Sluiter, the only rational explanation of the formation of copper 
guMtfe is the assumption fiat hydrogen isiiherated, and reduces tie sulphur dioxide 
to hydrnen sMttie. The hypothetic^ reduction of sulphur dioxide by copper 
is not supported by evidence. Ibis irftrclion- thwy is confirmed by the reduet^on of 
nitiohewem, to aniline, CANIL, when heated with copper and sulphuric 

acid &h 130°; when, however, sulphuric acid containing 12 per cent, of trioxioe is 
heated with ropjrer and nitrobenzene at I40 & , sulphur dioxide is formed but no 
aniline is evolved. 8. U. Pickering argued that the copper sulphide is not formed 
by nascent hydrogen; nor by the action of hydrogen sulphide on capper sulphate ; 
nor by the union of metallic copper with free sulphur as assumed by Jj\ C, Calvert 
and tt. Johnson. He 1 Sieves that the sulphuric acid is decomposed directly by the 
copper, forming cuprous sulphide, etc. The sulphur is formed by the action of 
sulphuric acid on the sulphides of copper in the liquid, and not by a reaction between 
sulphur dioxide and hydrogen sulphide. The sulphide volatilizes from the liquid 
and is arrested by the simultaneous escape of gas or vapour, 

According to J. T. Cumlall, when copper is heated with cone, sulphuric acid, 
and portions of the dark reddish-brown liquid arc drawn olT at successive stages 
of the reaction until the copper is nearly all dissolved, and poured into a large 
volume of water, a bright red precipitate of metallic copper is produced, and not a 
black precipitate of eo pper sul] ibid e, Itis, the ref o re, i nferred that cuprous sulphate is 
the first product of the reaction of dil. or cone, sulphuric acid on roppur, and this com¬ 
pound is decomposed by water as indicated by A, Keeoura : 0u 3 8Q 4 ^uS0 4 -|-Cu. 

If tht reddish-brown liquid obtained by tins aid ion of sulphuric acid on copper 
is allowed to remain, or is heated, it becomes dark imd deposits a greyish-black 
precipitate of cuprous sulphide, and if more strongly heated, a greenish-black 
precipitate of c upric sulphide is formed which re-dissolves if the heating be con¬ 
tinued : Cu8-[ 4il a 80 4 —CuS0 4 +JH0o-| The primary action is therefore 

2 Cu-f~ 2 H^S 04 =l!ii a SO.|-h 2 H a OH-SOg, or possibly at low temp., 80u-j-4H 3 S0 4 
^ 3 CunS 04 +('u«S+ 4 ]L 0 ; and the secondary products are GUii-JK^-MH^SOa 
=Cu 3 S+MuS0 4 +4H 3 b; and Cu 2 S | 21L80*-Cii8-hCuS0 4 -|-2ILO+SO^ j and 
CuS+ 411280 ^-"CuSO^-f^Ojj-f41 r a O. A combination of five times the first 
equation with three times the third gives one of S, U. Pwkuring's fundamental 
equations, 

8. U. Pickering found that the reaction is faster with impure than with pure 
copper. With acid of sp. gr. IS43, and 30 nuns. nation at he found that the 
percentage of copper dissolved with the purest electrolytic copper wire was 2412 ; 
with electrolytic copper foil, 3'123 ; with a less pure electrolytic copper foil, 4'008 ; 
with ordinary copper wire, 4 897 \ with commercial sheet copper, II'0 ; and with 
a bronze coin, J4’8 He also tried the effect of sulphuric arid qn copper while under 
the influence of an electric current, by connecting a copper plate with Joe pole of 
a small Danish 1 s cell, while another plain was connected with another pole of the 
call,■ and with a piece of platinum foil dipping in the acid. In another series of 
experiments, a piece of copper was made electropositive by attaching it to a coil of 
platinum wire. The more electropositive the copper was made the greater was the 
fljieed of dissolution in the acid, so that as much nvrtal was dissolved in 15 mins, as 
was dissolved in one hour when the metal was neutral or electronegative. Again, 
when the copper was electropositive, the proportion of sulphide to sulphate 
formed was increased, and decreased when the copper was made electronegative. 
The explanation is connected with the speed of dissolution—when fast, more 
cuprous sulphide is produced and decomposed by ttfe add in a given time. 
A. J, Hale and H. 8. Foster have also studied Jthe action of sulphuric acid on 
copper. 1 * 

W* Ostwald interprets the action of dil. sulphuric acid dta copper by saying that 
in consequence of the slow reaction of the dissolved oxygen with the hydrogen ions 
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|Qif the acid, cupric ions are formed ; J. Sebor saya that the dissolution of the metal 
in the presence of hydrogen dioxide is an ionic reaction involving Cu-J-HgSO^CuSOj 
+H a , and the hydrogen is depolarised by the dioxide without a primary oxidation 
of the copper. According to M. Traube, hydrogen peroxide ia formed during the 
alow oxidation of copper in the presence oPdil. sulphuric acid. He say 8 that neither 
moist air nor diL sulphuric acid alone reacts with copper at ordinary temp., arid 
it appears os if the affinity of copper for the acid SO*-group and of oxygen for 
hydrogen suffice for the decomposition, which probably proceeds, Cu-bH a SO*-!-O a 
“HoOjj+CuSU^, followed by the consecutive reaction H^O^-bH^SOj-j-Ou—(J 11 SO 4 
+^H 2 0. No active oxygen is liberated in the reaction. According to V. Lenfaer, 
copper is attacked by warm selenic&Cltt 

If cone, sulphuric acid is mixed with sodium nitrite, a purple coloration is pro¬ 
duced which slowly disappears on standing, or rapidly on warming, or on diluting 
the mixture with water—cuprous oxide and waits are formed. G. J. Burch and 
J, Wp Dodgson found that rupper in contact with aifi'cr in a mixture of 13 part* 
of sulphuric acid (sp. gr. 1 H+) and one of nifric acid (ap, gr, 1 43(1) is scarcely attacked 
at all ■ but the action increases as the mixture is diluted with water, W, R. E. Hodg- 
kinson and N. E. Bel kirn say that molten ammonium sulphate does not appear 
te attack copper, but W. Smith showed that ammonium sulphate does not melt, 
but rathe r d eco 11 iposcs, form i ng an \ i non i u i n hy d rosulp hub s. Thu sol uh U ity of cti p| h? r 
in soln. of ammonium sulphate has been investigated by T. Carnelley, S. W. Tur- 
rentine, and G. Lunge and L, Wuibul— vide Table V, and also for the solubility 
of copper in soln. of potassium sulphate, calcium sulphate* and magnesium 
sulphate* During the alternating current electrolysis of soln, of sodium hydro- 
sulphate, with copper electrodes, BrL le Blanc and K. lid tick say that copper Th not 
dissolved because no complex salts arc formed. The conversion of cuprio sulphate 
in feebly acid cone. aq. soln. into cuprous sulphate was noted by J. J. Berzelius, 
and the equilibrium conditions: Cu+CuSO^CuaSQ^ have been studied by 
F. Forster and 0. Seidell, by T. W* Richards, E. Collins and G + W. Hcimrod, and 
by E. Abel; while It, Nanmis and J, W, Turrtmtinc have studied tho dissolution 
of copper in an ainmoniocnl soln, of a persulphate. G. ticugliarinl and G. Torelli 
showed that copper acts as a catalytic agent in the oxidation of ammonia by 
persulphate#, H. Ditz observed no formation of activated oxygen or of sulphur 
dioxide during the action; but M. G. Levi, E, Migliorini, and G. Ercolini found 
that a gas is slowly evolved* and a layer of cupric oxide is formed on the metal. 
Potassium persulphate acts more rapidly than the ammonium salt. E. Priwoznik, 
and F. J. Fakfcor found that a boiling soln, of sodium thiosulphate rapidly 
converts copper into cuprous sulphide. V. Mem and W, Width noted the re¬ 
action between copper and the molten thiusulpliate ; and J. Girard studied the 
production of iridescent films on the metal by the action of double thiosulphates 
and by the electrolysis of a mixed soln, of sodium and lead thiosulphates and 
cupric sulphate with copper electrodes. 

According to F, ltaschig, a soln. of nitrosulphonic add in cone, sulphuric acid 
is reduced to nitrososulphurie acid* HO.NO.SQaH, by copper; the blue cplour 
disappears with a more prolonged action, forming nitric oxide and sulphuric acid. 
E, Fromm found that a soln. of sulphury! chloride, S0 2 C1 2 , in absolute ether, does 
not dissolve copper. The action of Sulphur monochloride, S^Cls, according to 
p . Nicolardot, Is similar to that of hydrogen chloride; the action occurs only 
at a high temp. F. Wdhllr said copper is but slowly attacked by sulphur 
chloride. 

P, L, Aslanoglou 18 heated powdered copper in open air and obtained no evidence 
of the formation of a nitride such os occurs with magnesium or aluminium under 
similar conditions. W. R. Grow* electrolyzed a eoln. of ammonium chloride with 
a copper plate os cathode and a platinum plate as anode, and stated that copper 
nitride is formed; J. F* Daniell, and H. Pauli obtained confirmatory results, but 
P. L. AaUnoglou, repeating the experiment, obtained only a mixture of cupric oxide 
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and metallic copper, A. Kernel, however, did obtain evidence of the formation of 
cupric nitride by heating a mature of finely-powdered copper with calcium carbide 
in a crucible in the open air; and L. Arons says that the effloreacence on copper 
electrodes formed about an electric arc in an atm+ of nitrogen consists of copper 
Outride— q,v. If a piece of copper wire he heated in a porcelain tube in a stream 
of ammonia gas, L J, Thcnard found that the metal becomes brittle and yellow 
or yellowish- white; hut h« could detect no increase in weight; F, Savart, however, 
did find an increase of ^th and T^nl i* 1 the weight of the metal, and a decrease in 
sp. gr, to 7 792 in the latter ease and 8 S6G in the former. C^Dospreti also recorded 
a M in ap. fir. to JVD, and he stated that the metal became porous and crystalline 
and a/tfuincd various tints of grey, yellow, green, orange, and rose-red or purpJe- 
red. Although the amount of foreign matter in the copper so treated is raiy small, 
the metal probably tck( i a up a large quantity of nitrogen during the operation, 
and gives it up again. {J H H. Ffufi analyzed the gas which had passed over the heated 
metal, and instead ij/obtaininghvilrogcnaiid nitrogen in the ratio of 3:1, he obtained 
a ratio more nearly 3; J, showing that some nitrogen must have been taken up by 
the copper. A. Scbrdtter and W. J. Jfaatncr contradict these reports, and claim 
that on repeating thesu experiment!! they found rathur a deficiency in the hydrogen 
than in the nitrogen, amlthut if ammonia gas is pawned into molten copper, the metal 
retains its characteristic properties, if, N. "Warren also reported the formation 
of a nitride by heating copper or copper oxide to bright redness in ammonia gas. 

C. Matignon and 1b Truancy also believed copper nitride is formed when a red- 
hot cojjper spirt! is introduced into ammonia or a volatile amine. G. T, Jicilhy and 
G* G. Henderson repeated thn px|wrimenta, and showed that the resultfl are con¬ 
sistent with tiie jurcumptioii that a nitride is formed and decomposed in the reaction 
because the nitride can exist only within a comparatively narrow range of temp. 
The evidence turns on (i) the ammonia is decomposed into its elements ; (ii) the 
copper suiters a marked change in its physical properties— c.g. it loses its metallic 
lustre, it acquires a pink colour, it develops a spongy structure, and it becomes 
brittle ; and (iii) the maximum quantity of nitrogen fixed by the copper was 4*5 
per conk- -the nitride (lu 3 N requires ti'85 per cent. Ammonia was found to penetrate 
tho metal quickly, for a copper rod, J in. in diam., was attacked through the centre 
when boated 30 min*, in a stream of ammonia; copper at 800 a for seven days was 
reduced to a fine spongy powder, R. Blondlot heated a disc of copper and a disc 
of platinum about 3 or 4 mm, apart in an atm. of nitrogen contained in a porcelain 
globe, tho surface of the copper remained bright, that of platinum was much cor¬ 
roded and covered with a black deposit. Since no such result is obtained in an 
atm. of hydrogen, it is suggested that a nitride of copper is formed and volatilized. 

In a well-known process for preparing nitrogen a mixture of ammonia 
and ajr is pawed over heated copper, the hydrogen is oxidized to water, and free 
nitrogen remains. A soln, of ammonia dissolves copper if air be present. E. Yamasaki 
studied the rate of dissolution of copper in aq* ammonia, and bo represented tho 
reaction by tho equation Ou-fflNHg-l-JOa+HgO^CutNHjJ^OHJj, where n is 
probably 4. W, K, E. Hodgkinson and it E. Bellairs detected the formation 
of nitrous acid a few minutes after the reaction had commenced; in time, the 
ammonia is completely oxidised, M, Prud'homms made some observations on this 
subject. The phenomenon was noted by 1\ Bccgmann and by L, J, Proust, 
According to C. F, Schdnbein, and N. A* E, Millou, the copper is oxidized to cupric 
oxide and the ammonia to ammonium nitrite ; and M. Berthelot and L. P, de St. 
Giilss said that the copper takes up twice as much oxygen as the ammonia, 
fi, H. PGIigot noted that heat is developed during the reaction, while S, Kappol 
found that the reaction progresses more quickly as the temp, rises. M, E. Sohweiser 
says that the action is favoured by some drops of aq^ammonium chloride; W. Knop, 
by a little platinum chloride ; S. Kappel, by carbon dioxide; and C. R, A. "Wright, 
by iron. C, R, A. Wright and 0. Thompson believe tbit the primary reaction 
which occurs when metallic copper, immersed in aq> ammonia, is exposed to a 
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United supply of air, is the dissolution of the metal as cuprous oxide; this reaction 
(very slow if the liquid be at rest. They said: 

The reaction can be greatly accelerated by arranging horizontally, near the surface ol 
be liquidt a plate, termed the " aeration " plate, of platinum or other oonduotor not acted 
n under the oiwumsioiious, and joining this to the copper by a wire. The voltaic element 
bus formed polarizes rapidly unless the external resistance is very high. Its electro 
votive force varies from 0 7 o 0'S volt, and increases with the eone. of the ammonia win,, 
r when sodium or ammonium chloride is added thereto, or when spongy platinum in «ub~ 
Ljtuted for the platinum plate. In the Utter cue, and with strong ammoniac*! brine, 

.■ may amount io Q'A vult, nearly equalling that due to the heat of formation of cuprous 
3dde (40 810 CaU), or 0>8S volt. 

W, Traube and A. Blitzfound the oxidation of the ammonia to nitrite is 
favoured by the electrolysis o£ the ammoniacal sold*, containing a little copper 
hydroxide m soln. The cathode woe spongy copper and the anode a atrip of iron 
or platinum; a certain amount of free alkali should bv present. If an excess of 
ammonia be present, about eleven per cent, of nitrite can be formed before it begins 
|L ~to oxidize to nitrate. L E. Miillcr and F, Spitzer add that the oxidation to nitrate 
does not cease when a certain cone, has been reached, but proceeds quite indepen¬ 
dently of the nitrite cone. If no alkali hydroxide is present, the oxidation of nitrite 
to* nitrate proceeds more rapidly than the oxidation of ammonia to nitrite, and 
the cone, of the latter tends to decrease ; nitrogen is said to he formed during the 
oxidation. The presence of hydrogen peroxide was found by W, 11* E* Hodgkinson 
and A, H. Coote to favour the action of ammonia on copper. 0. Hau&scrmann found 
that if alcohol be present, some acetaldehyde is formed, 

G, Gore found that liquid ammonia gives a blue soln, with copper; E. C. Frank¬ 
lin and C. A, Kraus also found that copper is attacked by liquid ammonia if air 
be present; but 0, A, Seely, and F. M, G. Johnson and N, 1\ M. Wilsrnore say that 
copper is insoluble in liquid ammonia free from water, and even if water be present, 
it is insoluble provided no free oxygen be present. A (cording to T. Weyl and 
J. Bronn, a colloidal soln, of copper in liquid ammonia is obtained by dissolving 
cupric chloride in the liquid, and treating the sola, with one of sodio-ammonium. 
G. Arth and E. Divers found copper is not dissolved by Divers' fluid If air be 
excluded. 

The solubility of copper in soln, of ammonium chloride or ammonium cupric 
chloride was studied by T. Curnrlley and J. Schlersehmann, W, R. E* Hodgkinson 
and A. H. Coote, vide Table V, Hammered copper, ami copper reduced in hydrogen 
were found by F. Osmond, to give the same rise of temp, when dissolved in ammonium 
cupric chloride. For the electrolysis of ammonium chloride soln, supra. Tbo 
solubility in ammonium nitrate soln, is indicated in Table V, According to M. Prud*- 
homme, a cold Ammonium nitrate soln, gives nitric oxide, and an ammoniacd 
soln, of ammonium pitrate gives nitrogen* W. It. E* Hodgkinson, N. E, BtOlaire, 
and A. H. Coote found that molten ammonium nitrate attacks copper with the 
evolution of ammonia and a little hydrogen; M* Trautw has studied the forma¬ 
tion of ammonium cupric carbonate by the action of a soln* of amniOIUQitt*car- 
bonato on copper in the presence of hydrogen peroxide; he likens the reaction 
to that which occurs with dit. sulphuric acid; Cu+(NH 3 ), i C0 a H 31 4-0(=H !! 0 ! 
+Cu(NH a )*C<\ ; followed by* HjjOjj+Cu+HaCO^lNHaJ^C^NHaJjjCO^H-SHjO, 
If any active oxygen were here formed, ammonium nitrate would bo produced; 
but none has been observed. * J* Tafet found a soln. of hydrosjUunlDA sulphate in 
sulphuric acid does not act on copper sponge or on a copper cathode ; A. Flaechner 
says reduction occurs, but, add J* Tafel and H. Hahl, only when the soln. about 
the cathode is too feebly acid. 

According to F, Sabatier sniJ, B* Senders ns, 40 nitrous oxide does not act on 
reduced copper at 300°, but the gas is oxidized above 250° with the formation of 
nitrogen and cuprous oxSde, With a mixture of hydrogen and nitrous oxide, P, Saba- 
tier and J. B. Seuderens found that reduced copper at 180° gave nitrogen, but no 
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ammonia* where the hydrogen is in excess; and if the oxide be in excess, higher 
nitrogen oxides and a little ammonia are formed, and a slight inflammation. 
F. Endoh found nitric Glide is quantitatively reduced by red hot copper; and 
F* Sabatier and J, B* Senderens found that with compact copper there is only a 
•superficial film of oxide formed at a dull red heat, while with reduced copper the 
gas is slowly reduced even at cuprous oxide is formed, T. Gray removed 
nitric oxide from gases by pawing the mixture over heated copper. A mixture 
of nitric oxide and hydrogen over 180 & was found by F. Sabatier and J. B. Senderens 
to give a mixture of ammonia, water, and nitrogen. The biulic investigators found 
that nitrogen pertttitlejNfX;, forms a brown copper mtroxyl, Cu^N0 2t when in contact 
with freshly reduced copper warmed to JjO 0 ; and at JJSU g cupric, oxide and nitrogen 
arc formed, and the reaction is attended by a feeble glow. A mixture of nitrogen 
peroxide and hydrogen behavea like a mixture of hydrogen with nitric oxide, and if 
the proportion of peroxide is increased, ammonium nitrate and nitrite are formed, 
and when the proportion fixeeioljj a certain limit, the metal becomes incandescent 
and an explosion occurs. The action of nitrogen peroxide on copper was studied by 
H. V. Tartan and W. L. Jfomon. E. Divers and TV Shimidzu found that spongy 
copper pealed up with liquid nitrogen peroxide in a tube at first gives a brisk effer¬ 
vescence owing to the escape of nitric oxide, the action won subsides and the copper 
turns grey with a greenish or bluish tinge. The excess of nitrogen peroxide becorrtes 
an intense deep green which is not due to dissolved copper, because the colour 
disappears when the liquid is partially evaporated. It was believed that the produet 
of the action *wos insoluble cuprous nitrate mixed with little cupric nitrate. 
I 1 . T. Austin says copper dues not burn in nitric add vapour. P, Sabatier and 
J. B? Seiidfrenw found mixtures of nitric acid vapour and hydrogen behave like 
mixtures of hydrogen and nitrogen peroxide when treated with reduced copper 
at 180*. J. J, Sud bo rough found that nitrosyl chloride, NOCl* is not attacked, by 
copper in the cold, but at 10ll y it forms u black deliquescent powder : CuCl.NOCl, 

which decomposes .. heated to lMf, or, when allowed to stand over sulphuric 

acid for several hours, giving off nitric oxide, and leaving a residue of anhydrous 
cupric chloride; GulJLKOCl ^N0-( CuCl 2 * 

The rate of corrosion and train. of metals by different acids- hydrochloric, sul¬ 
phuric, perchloric, phosphoric, and acetic acids—in the presence of oxidizing 
agents, led 0. F. Watts and N. D. Whipple to doss the metals: (1) Metals whose 
potentials exceed the discharge potential of hydrogen; and (2) Metals whose 
potentials are less than the discharge potential of hydrogen. The former are above 
hydrogen in tlm electrochemical series, and, excepting such as form insoluble 
salts, they dissolve readily in the acid ; the latter uccur below hydrogen in the 
electrochemical series, and dissolve in acids only in the presence of oxidizing agents 
copper and silver. The superiority of nitric acid as a solvent for tho metals 
is duo to its aiding at Ihe same time as an acid and as an qxidizing agent; this 
enables it to dissolve metals of the second class which non-oxidizing acids 1 are unable 
to do. 

\. H. Voley 31 1ms shown that copper rapidly dissolves in nitrons add, less 
rapidly in a mixture of nitrous and nitric acid, and still less rapidly in nitric acid 
alone. The metal also readily dissolves in one per cent, nitrous acid. According 
to E. Divers and T. Haga, hydroxy lamina ia formed ’when copper is left in contact 
with the green soln* of copper sulphate and potassium nitrate* 0. Flaschncr found 
that nitrous acid is completely reduced by low catbodi*potentials—e.p. with a copper 
cathode, nitrous and nitric acid are reduced to ammonia, no hydroxylamine is 
formed, \Y. Peters found a i> p*r cent. aq. scln. of sodium nitrite; in the absence 
of air, is decomposed, with the evolution of nitrous and nitric oxides and tho forma¬ 
tion of sodium nitrate, when warmed at 6(1° with.metallic copper. The reaction ia 
chemical, not catalytic, and involves simultaneous oxidation and reduction* 

Chemistry, said V. H. Velcy, presents few problems aFoncc of such technical 
importance and of such almost infinite complexity as the transformations of nitric 
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acid, Ordinary dil. nitric add is regarded ae one of tike best solvents for copper, 
hut V, H. Yeley showed that when a sphere of copper is rotund in dil. nitric acid, 
there is a period of inertness during which no bubbles of gas are evolved from the 
metallic surface for some minutes ; this period of inertness is followed by a period 
of acceleration during which the dissolution proceeds with a gradually increasing# 
velocity until a steady stage is attained. The metal then dissolves readily in 27‘5 per 
cent, nitric acid with the evolution of nitric oxide, and gives a soln. of cupric nitrate: 
3Cu4- BHNOj—3Cu(KOa) a -|-^NO+4H£OH Nevertheless, nitric oxide, NO, is not 
the only gaseous product o' the reaction between nitric acid and copper ; for example, 
I 1 . C t llily found that a considerable quantity of nitrm Jt trxide, is formed when 
copper dissolves in nitric acid under ordinary conditions employed in preparing 
nitric oxide ; ho also said that some nUmgtin is formed, The green colour of the 
Bolu, in the vicinity of the copper appear* deep green, indicating that possibly some 
cttpprr mint?, as well as nitrate, is formed. According to C, Mentemartini, dil. 
nitric acid, below 30 per cent, cone., yield* only nitric oxide and nitrous acid ; with 
a more cone, acid, nitroffen trioxidc and peroxide ure formed, so that with 50 per cent, 
acid only about half the gaecoufl product is nitric oxide. 

J. H, Ktansbie found the volume of gas (calculated dry at n.p.t.) generated from 
a gram of purified copper in 15 c.e, of nitric acid of sp, gr, l - 2 incrooKed with temp, 
aud the contained nitric oxide also increased fc little at the expense of the other 
gases, TIkj speed of the reaction increased 20-fold as the temp, rose from 25 u 
to 9;> u . 


Tritip. 

Time, (mm. 

VoL of NO e.c. 
Vol. of goo, v c.e. 
Velocity vft 
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185 0 

180 0 
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J. J. Acworth and H. E. Armstrong investigated the influence of tump, aud the 
roue, of the nitric acid on the composition of the gases, aud a selection from their 
results is indicated in Table YUI. 


Tauf.h Vlli. UASKoua Pnom jot* Of hie Action of Nitiuo Acid on Coppkb, 
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1 
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8* 

1 

2 
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1 
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1 
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# 
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1 82 
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There is not much difference in the results with the 1 :1 and the 1:2 acids; 


tho amounts of nitrous oxid& and nitrogen increase, while the amount of nitric 
oxide decreases as cone, of the acid decreases. The metal dissolves in acid more 
quickly at an elevated temp., but the composition of the gas is not much different 
from that obtained at ordinary ternp. With cone. soln. of cupric nitrate and acid, 
J. J* Acworth obtained a gas wj1,h 85 per cent, of nitrous oxide with some nitric 
oxide, nitrogen, and ho * also detected tho formation of ammonium nitrate. 
J. H. Htansbie reported the formation of ammonia, but G. 0 + Higley could detect no 
rigna of the production of ammonia by the actwu of nitric acid on copper; and 
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C. Montemartini could find no ammonia when Doing between 3'0 and 27'B per cent, 
acid. He also found that nitrogen peroxide only is obtained from 70 per cent* 
nitric acid, L. fi. Bageter found that gas evolved with 14'5N-jiitric acid, contains 
85-90 per cent, of nitrogen peroxide, and the residue is nitrogen trioxide; with 
•lON-acid there is about 15r-20 per ceflt. of nitrogen peroxide. P. C. Freer and 
G. 0, Higley also said that the sola products of the action of nitric acid of 
sp. gr, 1'40, on copfior, are nitrogen trioxide and peroxide apjjroxnnately in the 
proportion J; 9; and as the gr. of the acid in reduced by dilution, G. O. Higlef 
found the pro|M>rtion of nitrogen peroxide decreases jmd that of nitrogen 
trioxide rapidly increases until, when the #p + gr falls below 125, nitrogen trioxide 
is alone produced. The nitric oxide is supposed to he a product of the decomposi¬ 
tion of nitrogen trioxide and peroxide. This has been confirmed by L. S. Bagster, 

According to G, P, Baxter and C. H. Hickey, if platinum be mixed with the 
copper, a steady stream of nitric oxule is obtained by dropping nitric acid of sp. gr. 
12 on the meld; and 0, Brittle k nofod the accelerated action of the acid on copper 
in contact with platinum. J. H. Stansbic examined the effect of mixing and of 
alloying the copper with arsenic, antimony, and bismuth on the reaction of the 
metal with nitric arid of sp, gr. M2 at 65°, and found that the results arc modified 
“ out of all proportion with the quantity of impurity present.” With arsenic, the 
amounts of gas and of nitric oxidt* formed with alloys rapidly fall to a minimum with 
alloys containing 0'25 per cent, of arsenic, or 0'5 per cent, of antimony, and then 
steadily increase as the proportion of impurity increases up to 10 per cent, ; with 
bismuth, tho rtf is a steady fall in the proportions of each gas for alloys ranging up 
to 10 per cent, impurity. The production of nitrous arid during the reaction was 
aleaVnoasurod. A- J. Hale and H, 8. Foster also studied the action of nitric arid 
on copper. 

In accord with A, do la Rive's view that the dissolution of a metal in an arid 
depends on the formation of local elements between an impurity in the metal, the 
metal, and tho acid, say Cu|HNO a | M, T, Ericson-AurGn and W. Palmacr claim 
that the addition of anything which increases the e.m.f, of tho combination— 

(i) the addition oE certain metal salts, depolarizers, etc.; and (ii) variations in the 
nature of the negative dement M- increases the rate of dissolution, and conversely. 
H, E, Armstrong has adopted u modification of this hypothesis for chemical 
reactions in general. 

Tho various gaseous products are tho result oE complex changes taking placo 
both between tho nitric arid and its reduction products, and between these products 
irti&r If the nitric acid be freed from aEl traces of nitrous acid by passing a rapid 
current of air into nitric acid,sp. gr. 1*41, sheltered from direct sunlight, and at 
36°, and diluted to the given cone., the metal remains unacted upon until nitrons acid 
is formed, when a brisk evolution of gas occurs; ii some agent—say, urea, hydrogen 
peroxide, potassium chlorate, potassium permanganate, be introduced into 
the arid so as to destroy any nitrous acid, the metal is not dissolved at 27*, 
provided it and the arid be kept agitated, Hence it is inferred that nitric acid 
fre^from nitrous acid does not dissolve eoppor. The presence of nitrous acid 
is necessary, for the dissolution of tho metal. N, A, E, Milkrn had previously 
emphasized tho fact that tho reaction between nitric acid and tho metals is 
promoted by tho presence of nitrous arid which is produced by passing a few 
bubbles of nitric oxide into tho arid: 2NO+HN(^-f H^O^HNO^, or adding a 
few drops of a soln. of a nitrite. The reaction was alio shown to be hindered by the 
presence of such substances as ferrous sulphate which removes the nitrons acid as 
fast as it is formed. Ho showed that the oxidation of copper by nitric arid is 
conditioned by (i) the cone, of the acid; (ii) the temp,(iii) the presence of nitric 
oxide; and (iv) the solubility of the product* jtf. the reaction in the arid. He , 
thus explained tho course of the reaction: * 

La mutb gtaArale doe oiydations e’oxpliquo hAb peine * Paoide nitreux forme det 
nitrites da cuivie, de menure, d‘*i£ent qui ddtraiU par Faeuto oitrique a meant* 
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qu'ila « ferment ; oette d«tmotion doone naiinnw «u ctoutoxide d'wote qui, retiouvant 
de IWd* nitriquo ref ait do Taeida nitieux i d’oh teaulte une nouvette atUque et une 
ncmveUe destruction. 

The nitrons acid is thus regenerated, 2N0 f HNC^+H 2 0=3HN0 ai as fast as it 
is destroyed: 3HN0 2 =2H0+HN(^4-H^0 t This makes it appear as if a motsllioo 
nitrite and nitric oxide are among the first products of the reaction, the nitrite is 
decomposed by the excess of nitric arid to form nitrous acid, and (he nitric oiido 
reduces some nitric acid to form nitrous acid. E. Divers also found that nitrogen 
trioxide, N 2 (^ acted £, stimulant—possibly owing to its forming nitrous acid, 
C, Montemartini represented the first stage of the reaction between diJ. nitric 
acid and copper by the equation: 0u-(-^HN0 3 —OufNQaJafHNO^-fHgO, and 
nitric oxide is a result of the decomposition of the nitrons acid: 3HN0 2 =HNO^ 
In tho i^riod of inertness, nitrons acid is being formed, and daring 
the period of acceleration, the rate of production of nitrous acid is greater than its 
rate of destruction, and in the steady state, the rates of production and destruction 
are the same. A revolving ball of copper was immersed in 29'Sfi per cent, nitric 
acid, at 27* to 27*2°, and V, H. Veley found that the amounts of nitrous acid 
expressed in mgrms. per c.c, at different periods of time were : 

Time [min.) .0 2 li 30 (HI 1111 105 m 

Mgrmrtv IlKO a . 0UU42 0 015 0 004 0111 0124 0100 0105 0105 

If copper be introduced into nitric acid which already contains sufficient nitrous 
acid, there is no period of inertness; the reaction starts immediately. Tho speed 
of tho dissolution of the metal by nitric acid is proportional, not to the quantity 
of nitric aqid, but rather to the amount of nitrous acid which majr be present, tho 
two magnitudes vary concomitantly provided a largo excess of nitric acid is present. 

R. Ihle allowed that nitric acid just under SiV-conc,, or 35 jier cent, nitric acid by 
vol. attacks copper without nitrous acid being present. According to M. Drapicr, 
for nitric acid at a given cone., tho amount of copper dissolved in a given time is 
very considerably reduced by shaking or rotating the copper, and if the velocity 
of rotation is increased sufficiently, may l>e reduced practically to zero. This is 
not duo to the destruction of local heating effects, since tho flow of cold water 
through a copper tube haH no effect on its rate of soln, in nitric acid, Tho effect 
is supposed to be due to the distribution of tho nitrous acid primarily produced at 
the surface of tho metal, and to the consequent inhibition of its catalyzing affect 
on the sotn. The addition of increasing quantities of sodium nitrite to the nitric 
add gradually nullifies the shaking effect, 

L, Gmriin explained tho reaction by assuming that the nitric acid first oxidizes 
tho metal. The resulting oxide then combines with undccomposed acid to form 
a salt, and the portion of the acid which oxidizes the metal may bo converted into 
nitrogen peroxide, nitric oxide, nitrous oxide, or nitrogen. If tho metal at the 
same time decomposes water, the resulting hydrogen may produce ammonia. Tho 
nature of tho products thus depends partly on the affinity of the metal for oxygen, 
end partly on tho temp, and cone, of the acid, J* J, Ac worth and H, J£. Armstrong 
hold that the reduction of tho acid is due to the displacement of hydrogen from the 
acid, by the metal, tho successive stages in the reduction of nitric acid being —>nitro- 
H i n pcroxidc->nitrouft acid-»nitrous oxide-*hyponittoun acid-^hydroxylomine 
“^and ammonia, H, B, Armstrong adds that f( the primary product of the reduction 
of nitric add is nitrous acid, whatever be the nature of the reducing agent, be it 
hydrogen, or metal, or orsenious acid.” E + Divers divides the metals dnto .Uqi * 
classes, according to the it behaviour with nitric acid: (1) Those which famish a 
nitrite or nitrate bat exert no further action, forming neither ammonia nor hydro- 
xylamine, Thia clou is typified by silver, mercury, bismuth, copper, ete. The 
second class includes (2) Thos'i which form ammonia and generally also hydro* 
xylamine, but do not yield nitrite or nitrous acid-; on the other hand, they readily 
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form nitrite by acting on their own nitrate- The members of this claw are typified 
by tin, sine, and other metals with strongly marked basic properties. V. H. Veley 
does not believe the distinction is valid because when the members of both classes 
enter into reaction with nitric acid, nitrous acid is formed immediately after chemical 
* change, and that too in the presence ob considerable amounts of nitric acid ; but 
he adds that “ it is probable that the amount of reaction between the metal and 
the nitric acid is dependent on the proportion of nitrous acid in the caseof members 
of the first class but not of those of the second class/’ G. N, Lewis and A. Edgar 
studied the equilibrium between nitric arid, nitrous acid, and nitric oxide. 
J. J, Ar.worth and H. E, Armstrong attribute the production of nitrous oxide and 
nitrogen to secondary reactions, and E. Divers agrees with this, and added: 

iViireiw oHti in actually formed hjh u aecondary product whoa aoiuo of tho nitrile actually 
produced, that is t produced in the primary action, ie decorn posed by nitric acid. This 
dfcomj>o*Htiori occurs (rj) when, as at firut, thcTO is not the luquiriito proportion of nitroua 
acid already jiretjeiiit, and (6) when lliuro ia not enough water present to prosurvo the nitrite 
from the action of tho nitric acid. Nitrii ; peroxide appears an a tjucGuaary product when 
the proportion of water is no low that nitrous acid LnlomcU with nitric acid, lastly, nitric 
oxide roaulta jim a iw^ondary product whun tho pruportion of water to nitric acid is so largo 
that tho nitric acid lailrf tit prevent tho nitrous acid discomposing into this substance and 
nitric acid; *lHN(J,^flN r O ;i -1-2^0 [ II a U. The ai-curdancei of these assertions with 
well-known facts is muontrm'uLlible. 

J. J. Acwnrtli and H, E, Armstrong found Urn reduction of nitric acid to be 
more complete the more dil. tlw ,soln. Tliits in m harmony with the observation 
that the o.m.f. of copper against platinum in cone, nitric acid, sp, gr. 15, is greatest, 
008 L volt; and it falls to 0 57 voEfc with an ai-id of sp. gr. I 42 ; tho addition of an 
equal volume of water raises the e,m,f r to fJ75 volt; and with 3 to 7 volumes of 
water, the o.m.i is raised to II HI volt. M. Faraday showed that nitric acid is not 
a good conductor when pure, but tho presence of nitrous acid (conjointly with 
water) gives it this power in a very high degree amongst electrolytes. G. J, Burch 
and V.H + Veley have also shown that the e.rn.f. of a Cu HNO^I Ptccll is dependent 
on tho conversion of nitric to nitrous arid. The e.in.f. is at first very small; it 
then rises slowly ; then more or less rapidly ; and finally very slowly to a maximum 
value. The effects of the cone, of the acid, temp,, and presence of nitrous acid 
were also investigated. 

During electrolysis, n dil. solo, of nitric acid is quantitatively reduced to ammonia 
at tho cathode, and this fact has been utilized in the quantitative determination 
of the nitrates. The conditions for successful work have been studied by 0, Luckow, 
G. Vorimaun, K, Ulsch, A. Hecker, \V. II. Easton, and L. H. Ingham, The action 
is eq. to a nascent hydrogen reduction: 4H s +HNO a =NH 3 +311^0. On the 
other baud, copper reduces nitric acid chemically, not to ammonia, but to nitric 
oxide, yet it does reduce nitrobenzene to Aniline, J. Girard found that a mixture of 
commercial nitric arid with 7 to 12 times its volume of commercial sulphuric acid 
dissolves silver from silver-plated roppor without attacking the copper. According 
to J ( Tafet* a mixture of nitric and sulphuric acids reacts with copper, forms nitric 
oxide: 2 HNQ s -J- 3 Cu+ 3 HH ; a 04 ^ 3 CuSO 4 d' 2 N 0 h4H^0, and neither ammonia nor 
hydroxyUmiuo is produced ; whereas in the electrolytic reduction, hydroxylamine 
is formed—if tho sulphuric arid be omitted, anynonia is produced. J. Tafel’s 
general conclusion from these and other reactions is that electrolytic reduction is 
distinct in nature from chemical reduction, W. D* Bancroft takes the opposite 
view; he argues that the peculiarity of an electrolytic reduction is that the process 
mquib in two places, at the anode and at the cathode, and this peculiarity is less 
marked by bringing the electrodes closer together until, at the limit, the electrolytic 
and chemical processes are the same. In illustration, when copper is dissolved in 
sulphuric acid, the formation of copper sulphate is the anode reaction, and the 
reduction of sulphuric acid the cathode process. ^ Turrentine concluded from 
his study: Copper cathodes in nitric acid, (hat the apparent discrepancy between 
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the electrochemical and chemical reduction o! nitric acid by copper is entirely due 
to the different conditions under which the two sets of reactions are performed. In 
the electrolytic reduction of nitric acid with a copper cathode, the reaction occurs 
in a soln + practically free from a copper salt; while in the chemical reduction by 
copper in nitric acid, the copper nitrate is jormed at the same place that the reduc^ 
tion occurs. He showed that ammonia is formed in the reaction between copper 
and nitric acid when the cone, of the copper suit is kept sufficiently low. The 
reduction of nitrates to nitrites in neutral or feebly alkaline solm depends on the 
nature of the cathode* c 7 . gold, platinum, lead, or iron cathodes give ammonia 
as the main product * and E. Muller and J. Weber found that spongy copper, 
Hjiongv silver, or on amalgamated cupper cathode give nitrites. E. Muller and 
F. Spitzcr further showed that the chemical behaviour runs parallel with tho 
depolarization values, even though E, Muller, J. Tafel, and U. ltuss have shown 
that theae values are not always trustworthy because of catalytic effects due to 
tlie metals, F. Pearce and C. Courbet found that alkali nitrates are not reduced 
with an alternating current and copper, iron, ur carbon electrodes, but with cadmium 
and zinc electrodes the reduction to nitrites is quantitative* J, H, Gladstone and 
A. Tribe’s coppered nc couple reduces a soln. of potassium nitrate to nitrite and 
then to ammonia—a process analogous with E. Muller and F. Spitzrr’s electrolytic 
reduction with a copper cathode, T. E. Thorpe develop'd a quantitative method 
for the reduction of nitrites to ammonia by working in hot i«iln,,und he showed that 
small quantities of ammonia are produced in the reduction of nitrates by finely 
divided copper, J. F. Pcrsoz, H, Muller and C, Pauli, and Ji, Kunhgim found that 
finely divided copper reduces molten alkali nitrates quantitatively to nitrites, 
K, Divers showed that cupric nit rale is reduced by copper to cuprous nitrate. * For 
the effect of alkali nitrate or ammonium nit rate soln, on copper, rule Table V. 
T. Fairley showed that copper and. indeed, many other metals dissolve with increased 
facility in adds containing hydrogeh peroxide, and that no gaseous products are 
evolved in those cases where they would otherwise be obtained, and the metal 
dissolves quietly without losing its metallic brilliancy. This enables many of the 
mm-IcrruUH metals to be dissolved in nitric add without being troubled with tha 
escape, of nitrous fumes. 

Thfl passivity of COpper*“In 1&37 T. Andrews^ found that copper rod, in 
nitric acid of sp. gr. VI is rapidly attacked, but if the rod lie touched by platinum 
under the liquid, the soln. in the acid is cheeked, although the surface remains 
bright so long as contact with the platinum is maintained. If the platinum bo 
removed, the metal remains in the * l peculiar state” which enables it to resist 
chemical action, and it becomes covered by a black film which is very slowly removed 
by tins acid, M. Faraday pointed out that this action is the reverse of that winch 
would be anticipated from an application of the theory of galvanic couples, for the 
pktuium would be expected to make the copper more electro]jositivc and so dissolve 
quicker. If the copplr, while covered with the film be raised from the liquid, the 
adherent acid immediately dissolves away the film of what T. Andrews supposed 
to be oxide, and the copper is now in its ordinary state, T, Andrews found that the 
peculiar state of the metal is developed in nitric acid of sp. gr, 1J5, When alone 
in acid of sp. gr. 147, there is at first a violent action, and the copper then acquires 
the peculiar state whereby it is hut slowly &oluble in the acid. If a strip of passive 
copper and a atrip of ordinary metal be suspended in distilled water, the former 
remains bright for three or fom weeks, the latter is covered by a film of oxide in 
three days, and is completely oxidized in three weeks. If a piece of passive copper 
immersed in distijled water is scratched with a glass rod, the scratched part begins 
to oxidize in a couple of days, the rest of the surface remains bright. Ordinary 
topper treated in the same waj ^hows no difference between the scratched and 
unmatched parts. Again, if pieces of active and passive copper be dipped in a 
OT per oenti solo, of silver nitrate, the former is at once coated with a furry grey 
deposit of silver, while the latter remains unchanged for three or four minutes. 
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W. field! attributes the protective action to a film of cupric nitrate, E. Jordia to 
the passage of the metal into a metalloid al state; W, R. Dunstau and J. R, Hdj 
to the formation of a non-metallic film, probably oxide; u W. Itennej and 
W* Sp Burnham to the coating of the metal by adsorption with a film of higher 
oxide which, being more nob/e than,the metal, protects it from the jok; 
TGf H D, Bengough and 0. F. Hudson believe the film is a lower oxide, possibly Co^O, 
which is stabilized by the copper—vide the passivity of iron, tipper can be 
rendered passive by immersion in a one per cent, soln. of chromic acid, potassium 
dichromato, or chromate for 12 hrs., and washing in distilled water. Accordu^ 
to W. A. Hollis* tlie copper loses its passivity in nitric acid if the temp, exceeds110*, 
and the critical temp, is affected by the degree of purity of the metsl. G. Wiede¬ 
mann, G, Berson and A. Dcstrem, and E Duter found that a copper anode is 
rendered passive during the electrolysis of a 50 per cent, eoln. of potassium or 
sodium hydroxide ; & Muller thus describes the behaviour of a copper anode in a 
cone, win. of sodium hydroxide : 

When a dntui ropier plate is imrimrnetj in a 14 jV'«u1h h of sodium hydroxide which is 
free from diflridvud oxygen* tho ccqqar in ne^ativo compared with the eoln.; inooflured 
againat tlie '^V-cdomd cloctnodo it* potential is —0 CO volt. When a very small current, 
2 x 10"* amp, pin* tn\, cm.* in patted* the potential rises ai first slowly* then rapidly to 
about —D M volt, If eloctroly^je ia continued with a larger current density, a blue sohi. 
nf cupric hydroxide is fonnod, and tho potential rin™ again, at first ulowly* then rapidly 
to 4fi'7fi volt, at which point oxygen ia evolved and copper ceases to bo dissolved. Tho 
first rise is accompanied by tho formation of a skin of cuprous oxide, the second by tho 
formation of a skin of cupric oxide. During the Last jioriod, a little copper peroxide is 
always formed,* In the oariicufc [>eriod* tho change Cu+l-'^Oi' taken place; when tho 
Holn. is sat. with cuprous ions* which very soon occurs, a Hkin of cuprou* oxide forms, and 
the jtotonlial risen to the point at which tho reaction Cu' + tVHhi" can occur; this goes 
on until tho ueln, (in contact with the anode) ia sat. with cupric hydroxide ; owing to the 
greater solubility of this nutatancti, this stage Lasts longer or requires a larger current; 
when tlw skin of Hulid cupric oxide is formed, tho potential ogam rises until tho reaction 
CtT'+V—Cir 1 * occurs. Tho peroxide in* however* unstable, and decomposes spontane¬ 
ously* giving of! oxygen, 

0. W, Brown and F. C, Mathers found tlmt the cupper anode may become passive 
during tho oleckolysw of potassium sodium tartrate, and instead of dissolving 
u becomes covered with a thin coating probably of cuprous oxide h ’ ; R. Lorens, 
that the passive stato is induced by molten alkali hydroxides; ami M. lo Blanc, 
that a copper electrode which has boon heated in the flame of a blowpipe until 
fusion begins, and then quenched in alcohol, has a smooth even surface; it is in a 
noble or passive condition in a sob. of cupric sulphate; and it gives a difference of 
potential of 13 millivolts against ordinary copper. The passive state is removed 
by treatment with nitric acid. M. to Blanc and K, Schick found that when an 
alternating current, of current density 4 6 amp. per sq. deem., is passed through 
a 4N-soln. of potassium cyanide between copper electrodes, the amount of copper 
which dissolves depends on the frequency of the current alternation^ the cone, 
of tho eoln., the current density, etc. With a frequency 700 per min. the copper 
Went quantitatively into soln.* with 3400 pr min., 91 j«r cent, of the theoretical; 
witfl 17,600 per mm., 58 per cent,; and with 38.600 per min., 33 per cent. With 
a ^N-eoln., current density 2'3, and frequency 40,000 per min., no copper passes 
into soln. A. Brocket and J, Petit obtained similar results. The diminution in 
the amount of copper which passes into win, has been ascribed to a passive condi¬ 
tion of the metal; A. Lob explains the phenomenon as a result of over-voltage— 
as the over-voltage increases* the amount of hydrogen liberated by the current 
jjkcreaaes, and, as a consequence, $he amount of copper liberated wjll increase. The 
phenomenon is more pronounced with a rinc electrode and less pronounced with a 
nickel electrode than with one of copper; this corresponds with the higher over¬ 
voltage of the lino electrode and the lower over-voltage of the nickel electrode over 
, one oi copper. c . 

From the heat of the reason, and the contraction which occurs during 
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pombination, W. Miiller-Erzhach « deduced that the affinity of copper for phos 
phonu is smaller than that of palladium, platinum, or iron, and greater than that of 
manganese, nickel, cobalt, zinc, silver, or gold. According to W. Straub, phosphorus 
can react slowly with copper at ordinary temp. A. Granger did not obtain any 
! marked reaction at 300°, but over 40CP*the copper assumed a grey colour anif 
became very brittle, but the transformation into a definite phosjiludo is incomplete. 

O, Emroerling obtained combination by heating the two components in a sealed 
tube. Many of the metallic phosphides, when heated, react with copper—e.y, 
E. Defacqz found that tungsten phosphide, WP 3 , at 12UU*, was completely decom¬ 
posed by copper. The commercial alloy phmphor-&>pper is made by the action of 
phosphorus vapour on fused oopjHT, and it contains 9-15 per cent, of phosphorus. 
Alloys with over 14 or perhaps 15 per cent* of phosphorus cannot be made by the 
fusion process, although E. Heyu claims to have made alloys with as muoh as 
2M jjer cent, of phosphorus bv mixing copper lilings and red phosphorus m crucibles 
connected together in series like a train of wash-bottles, and heating them enc at a 
time to 300' or 400°—nut over 7tKl°—the vapour from the crucible being heated 
is condensed by the others J'hosphnr-coppcr was made by A. S. Marggraf (17 111), 
and B. Pelletier (17S9), from phosphorus and the metal; bv B, Pelletier (1789), 
Ji. U\ Sage (1792), G. Kiinzcl (1888), H, Schwarz (lb75), P. ISerthier (IHiM), and 

P. MeElmann (1888) from copper, carbon, and phosphoric neid or a phnspliute — 
vq. hone ash; fiom the reduction of phosphoric acid with copper electrodes, by 
II. Davy (Jh 8H7) ; from copper oxide, carbon, and phosphorus, by If. N. Warren 
(1887), l\ Burckhard (1870), and T. Dill (1SS>7); by lb Seyboth, frofh the electro- 
Ivsis of molten phosphates with copper electrodes; from the reduction of cppric 
phosphate with carbon, by P. Berthicr (182G), L, Guctat and J. Ghuvanno (1H83), 
and G. Matignon and R, Trannoy (1905); from the reduction of aq, sola. of cupric 
sal Li either by electrolysis or by treating them with phosphorus, by D r S. Ash- 
brook, E. Goerke, A. Opponhcim, A* Joan ids, O h K Heidenmch, and R, Bofctger. 
Phosphor-copper is stecl-grcy in colour, hne-grumed, and brittle ; it is bo hard 
that it is filed with diifiuulty. It is used in making phosphor bronze; and for 
adding phosphorus to copper which is to be rolled, for the metal then works more 
uniformly. It probably acta by deoxidizing the cuprous oxide. Tho addition of 
a linlr; phosphor copper to brass mixtures cleans tlm metal and increases its 
II nidity. Small proportions of phosphorus make copper hard, copper with O'Ou 
to (HlJ per cent., and not over U U4 per cent, oxygen, can bo rolled J. L Jones 
gives Brinells hardness, the lensile strength (lbs. per h<| + in,), find the elongation 
in 2 ins. of copper with different proportions of phosphorus: 


P per cent. 

KrttrJnt‘3.1 

Ttn&dly 

Elongation 


25 45 

92 lao-w 

52,8(1(1 flihfinu 

282 16 2 


(1-fi 85 JO 

107 0 220 0 212-0 

7SLOOO M.2CO 20,6U0 

2 8 0 0 


12 

S2:H) 


1 H> . A. Abel, A. H. Uiorns, E, Munkcr, H> de lluolz-Montchal and H. de Fontenay, 
etc., have studied the properties of these alloys. E. Heyn and 0. Bauer's equilibrium 
diagram for the binary system, and the coppar are discussed in connection 

with phosphorus. 

According to E. Rubenovitcty^i between 18U° and SKXP copper is attacked by 
phosphine, forming copper phosphide, H. Moissan also obtained copper phosphide 
by heating copper with phosphorus trifluoride ; A, Granger, with all three phos¬ 
phorus htifdtti at a dull red heat; H Goldschmidt, with phosphorus pentachloride ; 
and B. Beinitzer and H. Goldschmidt, with phosphorus Oxychloride* According 
to H. Rose, finely-divided copper dissolves slowly in molten phosphoric acid. 
As indicated above, 0. P. Watty <and N, D t Whipple have studied the action of 
phosphoric acid on copper* D. Wilson found a cone. solo, of sodium phosphate 
dissolves no copper. * » 

Popper forms an alloy with arsenic ^hea arsenic is dropped into molten copper 
vol, hi. a 
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at when a compound dzmtnk k mtod with aw« under charcoal IM 
it r the eighteenth century, reported tint copper takes up fifths of its weight 
under theoe conditions K, Fnednck found th&1 44 pci coat, js the greatest AffiOtmt 
of arsenic which <w he alloyed with copper by fusion. The mechanical properties 
W copper are not harmed by small amounts of arsenic; according to W* C, Roberts- 
Austin, copper with 08 per cent, of arsenic can be drawn into the finest wire, but 
with one per cent, of arsenic, red-shortness appears ; as noted by C.J. B. Karaten, 
much arsenic is injurious, making the metal brittle and hard, P. Jolibois and 
K Thomas studied the effect o( arsenic on the oxygen contcpf, of copper. W. Stahl, 
E. A. Lewis, 0. IX Bengou^h and IX P. Hill, F, Johnson, R. H. Greaves, L. Archbutt, 
W, 0, Jioberts-AtisteiL, 1* Obcrhoflcr, II. D. Law, H. Baucke, etc,, have studied 
the tensile strength, the elongation, and the elastic limit of copper with up to 
1'8 per cent, of arsenic. G, IX Bongo ugh and B, F, Hill find: 


(tj Arsenic in small ^uwUitiefl tpiujs to increase the maximum stress without affecting 
appreciably the ductility of iMihc alloy*. (2) It inoreasoa their resistance to reducing gases 
nt high trmp. (5) Alloy n wi(h low purcmitogufi o( arsenic tend to be unhomo^epe<n^ but 
with iocre&Hu in the artteuic t-hi* ctsasiM to be apparent. {4} In ordinary oxidising atm. 
no heat treatment (for Llm* hour* or lend} ehoit of an approximation to fusion esdoualy 
iiffoctfl the pre|K b rtJOS of Lliotio alloys. Thu only result of annealing is to render tho bars 
slightly more hcmogcncuiia and Lo lower this yield-point somewhat. This fltatamunt, 
however, docs not apply to annealing temp, m the neighbourhood of 1000° C, (5) Alloys 
containing lew than 1 per cent, of arecnic are ruined by the action of reducing gases for 
three hours at C, jjt uboyu it; in Heme cones the action in apparent at 600 s C. (0) Tho 
yield-points of those alloys are somewhat variable and unsatisfactory. 


A, Mathiroaeu and C, Vogt studied the electrical conductivity, and J. H. Stansbie, 
the solubility of coppcr-amenio alloys in dil. nilriu acid. The f.p, curves of mixtures 
of copper ami arsenic have been studied by 
K. Friedrich and 0. IX Beqgough and B. P* Hill. 
K. Friedrich's curve is shown in Kg. 18. 

A wolM Mjln. is formed whieh attains a maximum 
t\t- 664° with 4 jicr tiurtL of arsenic at the torminufl of 
tlic outoctic lino, Tlio outoclic at 684“ with 21'5 par 
cent, areoinc in made up of tho solid aoln, with 4 per 
lent. As, and thu compound Cu,M There is & maximum 
in tJm curvo for cupric arsenide Cu^Aa, at 830“, At 
710° there is evidence of the formation of an unstable 
compound ( H iijAs a with 32T per cent, of arsenic. The 
eutectic at 604° and the tTOJfuiann&tion line at 307° 
have not been definitely bottled. G. U Bengough and 
ft R Bill believe there in a scriefl of solid mb. between 
thu two cQinjKiunds CiijAja and Cu,AB|. 

C. VF. Scheele studied the action of copper on arsenic acid* According flb H. Hager, 
and H, Carmichael, copper separates arsenic from odd so In, of arsenic salts ; and, 
according to K. Friwo&mk and K. Hcumann, a mixture of arsenic, copper, and 
sulphur is obtained by treating ammoniacat sola, of arsenic sulphide with copper. 
The activating of the sine by introducing a little copper, in Marsh 1 # test for arsenic, 
has been studied by C. Mai and H. Hurt, A, Gautier, G. Lockemann, Z* do Yamosey, 
M, Yiaern and L. Quillet, E, T. Allen, etc,, and A, C. Chapman and H. D. Law 
found that the reduction of araenious or arsenic oiide by copper cathodes ia not 
quantitative; H, J, 3. Band and J. E. Hackfoid obtained no reduction in dil, 
win, N. Puschin and E. Dischlor have studied the electrical conductivity of these 
alloys. 

Alloys of copper with antimony are prepared in a manner similar to those with 
arsenic, G, Kamensky prepared a aeries of alloys and showed that with increasing 
proportions of antimony, the colour passes from that of ribpper to violet or purple 
when between 45 and 75 per cent, of antimony has been added; the colour then 
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becomes grey, The alchemists called the violet alloys ragula vrwru. The effect 
of antimony on the mechanical properties of copper resembles that with arsenic, 
P, Jolibois and P. Thomas found that antimony did not reduce the proportion of 
;opper oxide. The tensile strength of the metal is increased with up to half per cent 
"of antimony, but when other metals arc present, the effects of this small amount 
of antimony are net necessarily advantageous. As noted by C, J. B, Kareton, 
r much antimony makes the copper brittle when hot and when cold. Over one per 
cent, of antimony makes the fracture appear dull yellowish-grey, and its injurious 
effects are more marked than with arsenic. The tenacity of the copper-antimony 
alloys has been studied by W, Hampc, & A* Lewis, R. H, Greaves, L, Archbutt, 
P. Johnson, H, D, Law, L. Quillet, G, Kamensky, etc. F, Johnson concluded: 

fi) Antimony up to 05 pBc coat, lum no detrimental iufluem^ on tho hot-forging 
quahtiro of Lough-pitch copper free from other impurities. It is even poatiblc to fcigu 
copper containing 1 per cent, antimony if fiufticimt oxygon bo present. (2) In co^x*r 
which has Ikoti owr-poled, antimony tends to mitigate the phenomenon of Hjumiiyg during 
holidificution. (3) Tough-pitch arecnical copper ((J’4 >^r cent, nmeme) is slightly hnrrfmiid 
after hot rolling by the presence of antimony {0 2 jier ivnt.), hut olhorwiso its mcThamVaJ 
pmjPiirlu-H are olightly improved, (4) Tho mccljimjcid pmpcrlii'H of lough-pitch pure 
copper after rolling and annexing are hut slightly attend Ip> siunll additions uf antimony. 
The trnnilo strength is slightly raised (5 per cent,), and llio dongntion loom'd (JO percent,). 
The slight gain m toughness is probably tnucable to tho greater suun<hieHti uf tlio ingot. 
(51 With regard to the structural condition of unlmmny m tough-pilch copper, it exists 
hi tvu forms : (it) parity in solid soln. (as Cn ? Hh); (b) partly oh an maohiblc eompiautd with 
oxygen [elato-colourcd oxididcti). Oxygen in excess exists as Cu/). r Nn*lnlter together 
with the antimony oxides form a ternary cntoeUc; with the solid sdn. 


P, BracHCo found the mean coeff. of expansion of copper-antimony alloys between 
BK/' and 3tiW° to be a maximum 00000234 for alloys with 38 'G per cent, of antimony. 
The electrical conductivity him been studied by 
(!. Kamensky, E, J. Ball, etc. ; the up. gr. and 
hpecilio volume by G. Kamensky, K. Aluey, etc.; 
the hardness hy A, A- liaikoff; the thermal ex¬ 
pansion by H. lo (■hatelier, and P. Hrauscoi and 
the action of dil, nitric acid by J. H. Stanshie. 

The f,p. eurvru and the mierostrueture of the alloy* 
have been studied by J, E + Stead, A, A t Baikoll, 

G, Charpy, J. A, Mathews, W. Campbell, 

A. H. Hiorns, W, Guertler, etc. A. A. liaikolf's 
diagram is shown in Fig. 10. 



Fin 10,- Frociting Point (Jurvcif 
of Coppcr*Antimony Alleys, 


starting from Antimony melting at 02U k ', a solid win., 
n, is formed which teaches a maximum with 1U pen cut. 

«f cupper, Tlie eutectic A t at 524° and 25 per cent, nf 
antimony, iy a mixture «f the solid golm a and rosier 

entimouldo, Cu^b; the eutectic lino extends to 4U pur cent, of antimony. This com* 
pound has a puqilo colour and it m formed at 584° by the umon of the grey compound 
I'UjSli with antimony. The latter compuund, Cu a Sb, solidities at 581 s ; and between (Wl 4 
and 584 s the sobd boIil. ^ of Cu,8l> and antimony separates, and at 684° is, in j>art, 
iransformed into fi and Cu,8b, The wlid min. fi separator unchanged butween 4(15 and 
1(1 per cent, of antimony i and above 630° with between 31 and 0'4 per cent, of anti’ 
mony, there separatee out a solid ^oln, of CujSb, and a solid aolm y of copper with 
2-5 per cent, of antimony. Below ti30", the solid soln. oF is transformed into the 

■iolid coin, fi and y* Another tra^ifortnation occurs below 407", leaving on the antimony 
Hide of the ordinate—3U percent, of antimony— and a mixture of Cu a Sb and Cu^Sb, ana 
on the copper side, a mixture of y and Cu^b. 


Alloys of copper with btsmqfh were prepared by C* M. Marx ** by heating the 
two metals at a temp, below tho m.p. of copper. The f.p, curves have been 
investigated by H. Gautier, A. H, Hioras, K. Jeriomin, 0, T, Heycock and 
F. 1L Neville, and A. PoHavin, *The general conclusion ia that there ore neither 
compounds nor solid eoln, There is a V-shaped curfs with a eutectic atO l 26 per cent 
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of bismuth—Fig, 20—whore the scale is too small to show the eutectic. H. Gautier’s 
rurvo, with two eutectics and a maximum corresponding with copper bismuthide, 
CuBi, is probably wrong. The eutectic is prone to undercooling. As indicated 
by 0. J, B. Karstcn, a small proportion of bismuth 
in copper makes the metal hot-short and cold- 
nhort W. llampe, for instance, found as little as 
OU2 per cent, of bismuth makes copper red- 
short; and 01 per cent, makes it very brittle. 
H, N. Lawric’s correction,, of H, Bauckc'a data 
show that 0 05 per cent, of bismuth makes copper 
brittle at a red heat, and 0025 makes it cold- 
Khort; H, N. Lawrie says that the presence of 
0'< KX15 pur <ent. of b isn i ti til p re vents copper 
being drawn into wire, F. Johnson found that 
arsenic counteracts to some extent the evil ejects 
Fro. 20,- Kn-ejEinr* i'omt rurve* of bismuth; and N. Parravano says that antimony 
of <'tinier-Hinmoili Alloys ;mti? in the same direction. Y. Johnson concluded : 



The i-ITcct uf hiMiiulh uel the im^'hun^jil prc>|>crl of tuugli arsenical f’oppef which has 
lieen rnLlnl in not m.T icpiim. up to 0 I jjei 1 font-, ; ImE. no emtimcmul ai'si-mcal copper could 
Ui legmih^ ilh lit fur waking ill. n ml In al chilli contained ho much bismuth. With 
0 L U2 [HT run I.„ Although the hot-Hoikm# piepri'Eictt would In- noticeably worse than if no 
hinmuth were prurient, (im copper would nut bo milled . Any erudo copper containing 
over U Ul per i«>nt. hi hi nut-1 1 Hhimld bo recorded with Hunpicion, wineo the copper might 
contain Irnrcri of other impuril.ii'x, ?,g. nickel. which, while inlouxifying the injurious oifoct 
of hiifimitli, would hinder the convetivr lu/iliou ui uranic. 


According to H Jolihuiu mid l*, Thomas, bismuth oxide is less injurious than 
bismuth. C. M. Marx noted that an alloy of copper with twice its weight of bismuth 
expands a. considerable lime after solidification; and W. C, Roberts-Austen 
explains the injurious elTeds uf bismuth by assuming that the bismuth with perhaps 
a little copper remains fluid until the temp, of Uio mass has fallen to at leiud 2G8°, 
the m,p, of bismuth. 

According to ti, J. L, de Huihnut." 7 the affinity of Silicon and copper for one 
another is smaller than tlmt of silicon for iron* manganese, or chromium, and about 
the same as it is far silver and xmc, A. L. Williams could detect no sign of 
combination. M. Hi Slips found the two elements begin to unite at about 775 fl . 
E. lludollVs fusion curve shows the existence u£ two silicides (y.f\). According to 
O, Rult and B, Birgduhl, molten copper mu dissolve a little carbon* J. H. Vivian 5:8 
was of the opinion that a compound of copper and carbon was present in over- 
poled copper; l 1 . J. B. Kursfan believed a compound is formed when copper plate 
and powdered cm bun m e heated in alternate layers for several Louth at a red heat 
whan the copper takes up U 2 per cent, of carbon ; and W. \Lampe thought a com* 
pound is formed when cupric succinate in reduced by hydrogen, Thesis, however, 
no trustworthy evidence here of chemical combination, and C. J, B, Karstcn showed 
thht even if a little carbon is absorbed by the copper, the metal readily gives up its 
carbon when fused iu air. H. Malagan found that carbon is dissolved by copper 
at its b,p., and rejected as the metal solidities. 

According to W. Hampe/^ carbon monoxide behavus like hydrogen towards 
molten copper; E. Jurisrh did not detect any absorption of carbon monoxide by 
copper be twee u 621)° and SK0 5 ; and I. L, Bell faftind that spongy copper is not 
changed by heating it with carbon monoxide. P* Sabatier and J, B + Senderens 
found curium monoxide is not affected by heating it with copper to 460*, but 
M, Berthdot heated copper with carbon monoxide in a sealed tube at 550° and 
obtained some carbon and carbon dioxide. \?.*Hampe found no carbon dioxide 
is absorbed by molten copper, although both G, Neumann and K, Heydenreich 
reported that copper, reduced in hydrogen, occludes carbon dioxide at a red heat. 
According to L. PfaundLer, so mb carbon dioxide is decomposed by copper at 220°, 
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and a little carbon Is retained by the tnetaF; and H. Limpricht also reported a 
slight reduction of carbon dioxide to the monoxide by spongy, not sheet, copper* 
According to F. von Baoho,-copper turning* free from hydrogen do not react with 
carbon dioxide at a full red heat, but at 1070* there is a slight action with the forma¬ 
tion of cuprous oxide and carbon monoxide; the reaction is quicker at the in.j* 
of the metal. F* Sabatier and J. B, Sondm-cns found that carbon dioxide, mixed 
with hydrogen, is reduced to carbon monoxide, not methane, when passed over 
heated copper. For the occlusion of carbon monoxide and dioxide ride supra. 

W, Hatnpe® found copper, at a temp, a little altove its m.p H , decomposes 
methane, and J. C. Bull patented a process for removing oxygen, phosphorus, 
arsenic, and antimony from copper by melting the metal in an atm. of hydrocarbon 
vapour. P, Sabatier and J. B. Senderens found that ethylene is not attacked by 
finely divided copper at 400°. W, R. Hodgkinson found copper heated up to its 
imp. is not affected by acetylene. For the occlusion of this gas ride supral 
Ordinary acetylene, contaminated with ammonia, attacks brass, and, according 
to N, Caro, forms an explosive acetyhdo. A, Donacyor found that the purified 
gas does not act on copper turnings; and E. Caro also noted that dry acetylene 
1 ms no action on copper, on brass, or on bronze, but there is a slow reaction 
with the moist gas resulting in the formation of a trace of ueetylklc in about 
six mouths; if ammonia be also present, 1 lie action is fairly rapid, and the 
explosive acetylide is formed. According to H. Erdmann and P. Kbthner, 
and IT. Alexander, finely divided copper begins to react with acetylene between 
22i)' J ami 2G0 0 , producing graphite, P, Sabatier mid J* 11. Senderens any that the 
reaction begins at 18U" with reduced copper, and between JiDO'-UfjiJ 0 with copper 
wire or foil. More or less of a condensation product, cwpirm*, (('jJLJh, is obttfiacd, 
which can be freed from copper by washing it with hot hydrochloric acid ; cuprum* 
is not attacked by sulphuric arid, but, it reacts with nitric acid. It is deeumjxjard 
over 400", and when prepared with the acetylene under press,, J. Fuchs patented 
its use ua a cork Ersatz. A. Mailhe, and 1\ Sabatier and J. 11. Senderens also found 
that acetylene begin* to lie hydrogenized when it is mixed with hydrogen, and 
passed over finely-divided reduced copper at 13(1°—if compact copper is used, the 
action begins at JPO°. Ethane is formed at 200°, P. Sabatier and J, B, Senderens 
observed no change with benzene between ■'Ji50 u and BJfP, According to ¥. Bellamy, 
w hen a mixture of air and acetylene is passed over red-hot copper, the metal becomes 
incandescent, and an explosion occurs ; and N. (Wo found copper-asbestos becomes 
incandescent in an explosive mixture of acetylene and ilir. 

According to M. Berthclot p ai copper at -KMT has no action on cyanogen, but 
between 500" and AJjO 0 , it forms a little cyanide, some carbonaceous matter, and 
nitrogen. An any win. of potassium cyanide ilineoIvos copper with the evolution 
of hydrogen ; the action takes place if air be excluded, G. A. Goyder found that 
allowing for the presence of a little ey&nate, and fur the solubility of the gas, the 
reaction cofTOaponds with the equation: 2Gu-f 4KGyd-liH a O 2KCuCy^d-2KOU 
-f ; and W* Nernst says the action is turbulent if the copper be in contact with 
a platinum wire, F. Kunachert ba^ investigated the free energy and potential of 
cupper towards jwtassium cyanide soln .—vide passive copper* A. Brocket and 
d, Bet it found that hydrogen is evolved in the read ion which they represent: 
HCu-l-SKCy-J-SHaO —2(('uCy*llKJ^y)d 2K01I fHa* Amalgamated copper dis¬ 
solves about ten times os fast os the ordinary metal. 

In the presence of copper, hydrocarbon oils are oxidized by air, and, according 
to 0, Kngler and E. Kneis, 112 the copjwr at the same time dissolves os oxide ; it 
air or oxygen be excluded, the mineral oils have no action on metals. A, Gawa- 
lowsky also eaya crude petfolcum ia not attacked. S. Macadam found the paraffin 
burning-nib act on metaln and that the different effect* by different samples could 
not be traced to impurities The fatty oils and htf also attack copper slowly. 
The action does not bear any* simple relation to the acid content of the oil. 

L\ W, Vdney found with olive oil, cottQp-eeed oif> and lord oil, the first bad the 
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greatest action on Vasa, atul the lalt had the least action. W. Thomson found 
that olive oil, pabn oil, nealefoot oil , tallow oil, pdm-nul oil, ground-mt oil, and 
lard oil form a green coating on the copper, but a verjMinall quantity, if any copper 
passes into sob*; refined rape oil, linseed oU, sperm oil, cod-liver oil, and seal oil 
left the surface of the copper bright, hat dissolved large proportions of copper; 
castor oil, brown rape oil, mu j linseed oil, and English neatsfool oil tarnished the 
metal and dissolved a large proportion of copper; and seal oil, whale oil , cod oil, 
shark oil, and East Indian jish oil left the copper bright but dissolved moderate 
quantities of metal; W, H* Watson found that after ton davs’ exposure in contact 
with 8 Sf]. ins. of a surface of copper, the amounts in grains dissolved by 500 water 
grain measures of oil were : linseed oil, 0 3000 ; olive oil, ()'22GQ; coka oil, 0 0170 ; 
alntund oil, OiOflO; seal oil, 0 0485; sperm oil, 0*0030 ; castor oil, 0 0065 ; English 
neatefoot oil, 0 IliXi; mime oil, 01700; and paraffin oil, 00015. I. J. Redwood 
also cxjttrimented on the same subject. N. J, B. G. Guibourt found copper to be 
soluble in cojuput oil. A. Livacho, and W, Lippert found copper accelerates the 
oxidation of ails in air. il A. Fodin also recommends copper cathodes b the 
electrolytic reduction jof the fatty acids because of the activity of the occluded 
hydrogen. A* Carpene found the solubility of copper in wine to be greater than 
nickel and less than iron. According to J. Golding and E. Feilmann, copper is 
acted upon by milk, especially in the presence of air, and from one to a hundred 
parts go into sob. per l0 fl parts of milk. D. Klein and A. Berg found copper is 
not attacked by a soln. of sugar between 115° and 120°, but J. H. Gladstone found 
nq. soln. diseohre apprei iahle quantities of copper in a few days. A. Lidow found 
alkaline soln. of gelatine also dissolve copper, 

H. Fleck 88 states that dil. acetic acid acts slowly on copper in the absence of 
air ; the reaction is quieter if air has access. Cold glacial acetic acid in the presence 
of hydrogen peroxide disuclveH copper. P. Rabatior and J. B. Rendcrens found that 
acetic acid is slowly decomposed when heated with finely divided copper at 260°, 
the action is rapid between $H)° and 410°, carbon dioxide, methane, and acetone 
are formed, T. Bergman noted the gradual formation of copper oxalate in aq* 
soln, of oxalic acid, H. C, Bolton found a boiling sat. soln. of citric add in presence 
of sodium nitrate dissolves copper. K. K, Lehmann, T. Behwnrz, and A. Gawa- 
lowsky found that t he attack of copper by organic acids is retarded in the presence 
of sugar, etc. 

Copper or copper oxide dissolves in glasses and glazes producing a blue or a green 
colour- the former when the alkalies predominate* A red colour is produced when 
about tH percent, of copper is dissolved in the silicate. 8 * This colour is exemplified 
by the copper ruby glass, and in the mntj da b<ruf or rowjc jhmme Chinese porcelain 
glares, and the modern imitations. It was assumed by P. Hnutefeuille that the 
green colour is due to the formation of a soln. of cupric silicate ; and the blue 
colour, of a soln. of an alkali cupric silicate. When heated in a reducing atm., the 
cupric silicate was summed to decompose into cuprous oxide and silicate, and the 
former was supposed to colour the glaze or glass red. It is now believed that the 
red colour is due to the formation of red colloidal copper 

Reactions ot analytical interest. -Cupric sulphate (j*v*) is usually regarded 
as a typical salt. The addition of poturium hydroxide in a cold soln. of cupric 
sulphate gives a blue precipitate of cupric hj^roxide, Cu(OH) a ; with cuprous 
chloride a yellow precipitate of cuprous hydroxide, CuOH, is formed* On boiling, 
the former changes to brownish-black cupric oxide p the latter to red cupric oxide, 
1\ G. Wormloy 86 detected one part of copper (ic) in 12,500 of liquid by means 
of a sob* of sodium hydroxide; and F. Jackson, 1 in 16,000. The presence of 
alkali tartrates—e,y, Rochelle salt—prevents the precipitation by alkalies. With a 
mixed soln* of silver and cupric nitrates, P* Jollies and co-workers showed that all 
the silver is precipitated sa hydroxide before the copper hydroxide begins to separata. 
The alkali cubonatM precipitate a pale-green basic carbonate, Cu^OHfoCQa, 
with cupric salts, and a yellow precipitate with cuprous salts. T. G, Wormley 
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detected oe» put of copper (ic) in 13,600 parte-of liquid by this reaction; F, Jackson, 
1 in 16,000, Th«ifshtmMtom of thfr alkafini **rthm »nd magn—inm An no*, piwipitete 
cuprio salts in the cold, but they do so when heated to 60 q . Aqua ammonia added 
slowly to a cupric salt solo, precipitates a green pulverulent basic salt soluble in 
excess of ammonia, forming an azure-blua sola, T. G, Wormley detected one par| 
of copper in 12,500 of liquid by this reaction; A. B. Prescott and E. 0. Sullivan, 
1 in 20,000^ A. Wagner, 1 in 25,000; and F. Jackson, 1 in 8000. If alcohol bu 
added to the cone, blue win., a bluish-violet ammino-sulphate is precipitated. 
Ammonia produces no piecipitato with sobs, of cuprous salts, and the ammoniacal 
soln* is colourless, but turns blue on exposure to air. Similar results are obtained 
with ammonium carbonate. 


When a neutral or slightly acid soln. of a cupric salt is treated with hydrogen 
sulphide, black colloidal cupric sulphide, CuS, is formed, which runs through the 
filter paper. If an excess of acid be present, the precipitate is coagulated. The 
sensitiveness of the reaction is such that T t G. Wormley was able to detect one 
part of the metal in 12,500 of liquid; A. B* Prescott and E. C, Sullivan detected 
1 in 100,000; F. Jackson, 1 in 1ft,(X>0; and A. Wagner, 1 in 2,500,000. The 
precipitate becomes blue on exposure to air owing to ite being oxidized to sulphate. 
Copper sulphide is soluble in hot dil, acid, insoluble in boiling sulphuric acid, soluble 
jn a soln* cf potassium cyanide, appreciably soluble in ammonium sulphide, but, 
unlike mercuric sulphide, it is insoluble in potassium or sodium sulphide. Hydrogen 
sulphide gives no precipitate with cupric salts if an excess of potassium cyanide be 
present—the complex salt, KgCuOy*, is formed* With cuprous salts, hydrogen 
sulphide given a black precipitate of cuprous sulphide, Cu$S, and this is soluble in 
warm nitric acid, forming blue cupric nitrate and free sulphur ; and also in apsoln. 
of potassium cyanide. An aq. soln. of an alkali sulphide gives similar results. 
Cupric salts with potassium cyanide give at first a yellow precipitate of cupric 
cyanide, CuCy a , which immediately changes to white cuprous cyanide, C^Cyg, 
and this dissolves in more potassium cyanide, forming the complex salt, KjCuCy*. 
F* Jackson detected one part of the salt in 2000 parte of liquid by this reaction. 
With cuprous salts, white cuprous cyanide is formed, and this is soluble in an excess of 
tile reagent. Cupric salts with potassium thiocyanate give black cupric thiocyanate, 
Cu(CyS) a , which is slowly changed into white cuprous thiocyanate, CuCyS, or 
quickly on adding sulphurous acid. Cuprous salts give the white cuprous thiocyanate 
directly. This latter salt is insoluble in water, dil hydrochloric, and sulphuric acid. 
When a neutral or arid so In, of a cupric salt is treated with potassium toROCJEnidSj 
an amorphous dark reddish-brown precipitate of cupric feiwyanidfl, Cu^FeCy*, is 
formed, which is insoluble in dil acids, and soluble in ammonia, T. G. Wormley 
detected one part of copper in 31,250 parts of liquid by this Fraction; A, B. Prescott 
and E. (I Sullivan, 1 in 100,000; and F. Jackson, l in 16,000, A. Wagner says 
that the ferrocyanide test is nearly an delicate as the hydrogen sulphide test, and, 
according to A. J. Cboper, it is ten times more sensitive than the ammonia test. 
In acid eoln* one part of copper in 1,000,000 parts of soln. can be detected by the 
ferrocyanide test; in neutral soln., 1 in 1,500,000; and in neutral soln* containing 
ammonium nitrate or chloride, 1 in 2,500,000. The red precipitate does not occur 
in alkali soln. since the precipitate is decomposed by potassium hydroxide, forming 
blue cupric hydroxide andpotasf ium ferrocyanidc; the blue hydroxide when heated 
forms the black oxide. With cuprous salts, potassium forrocyanide gives a white 
precipitate which becomes hfownieh-red on exposure to air. With cupric salts 
under similar conditions, potassium ferricyanlde gives a brownish^yellow pre¬ 
cipitate ; and a brownish-red precipitate with cuprous salts, POtatthuu fodldt 
gives a white precipitate* of cuprous iodide, Cut, with both cuprous and cupric 
salts, T. G. Wormley detected one part of copper in 13,500 of liquid by this 
reaction; and F, Jackson, 1 in 8CHMX Potassium chromate gives a yellowish-brown 
precipitate with a soln* of cupfic sulphate. T, G. Wormley found the reaction 
sensitive to 1 in 125,000; and F, Jackson, 1 in 10,000. PoturiumxAnthate gives 
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a yellow coloration with very dil sok of * cupric salt, and A Wagn er detec ted 

one part of copper in OfAf f OOO parf^ of water by its means. A soi/A 0 

ngptthol m 30 per vent, noetic acid wuh found by 3f* IiinEfcy ftnu w. von A noire 
to precipitate copper quantitatively from a sob, of a copper salt acidulated with 
hydrochloric acid, and this in presence of'leud, mercury, cadmium, manganese, and 
zinc fifl/tfl. it (Deneuve fmiiul that an alcoholic soln. (1:100) of ^dipheuyl- 
carbamide in neutral or feebly acid sub, of cupric salte gives an intense violet 
coloration which can lie recognized with one part of the metal in JtHi p UOO parts of 
sob. ttoln, of silver and gold give rose colorations with the precipitation of the 
metal; ferric salts give a pcuehdlower coloration; mercuric salts give a blue ; 
and chromates a violet. K. W. Charitsehkof! found that a sob. of naphthenic acid 
in benzene in a delicate test for copper giving a green coloration with neutral or 
feebly acid sub. Cohalt suits give mi ensiri-red, and nickel salts a pale green* 
coloration. 

Some uses Of copper. - Chipper is used fur making various utensils— boilers, 
cooking utensils, steam pipeft, etc. Owing to its high thermal conductivity it is 
used for Inert motive fire-boxes and similar purposes. It is used still mere extensively 
in the form of alloys’ bronzes, brasses, etc, Enormous quantities are used in the 
electrical industries ns fittings, buttery plates, etc, Owing to its high electrical 
e[inductivity it ia used for telephone and other conducting wires. Topper nails, 
rivets, and sheets were once extensively used for sheathing wooden ships. Owing 
to it* being little acted upon by many chemical dye-stuffs, unci its being so soft as 
to 1* easily engraved, it Is used for rollers for calico and other kinds of printing. 
The oxide and various calls are used for colouring glass and pottery glazes green, 
Uue,*ur red. The hydroxide, carbonate, silicate, etc,, arc made into blue or green 
pftbb The sails are used medicinally ; for combating plant, diseases and poets ; 
and as an antiseptic. Topper is used in a finely-divided condition na a catalyzer 
in oxidizing and reducing mictions,^ ll w'as once largely used for coinage, but 
it is now generally replaced by alloys—r,g. bronze in Treat. Rritain, nickel-silver in 
Germany and the United States, 
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§ 7. Th« Atomic Weight a! Copper 

Avoiding to H. E. Rosooe and A. Harden, 1 in a nnte-bwk, dated March, 1604, 
J. Dalton wrote 44 for the at. wt. of copper when oitygen ie 6 5; this number becomes 
66 when oxygen is 7, and this is the nnmber—oi 28, £ of 66—employed by J, Dalton 
in his A New tiystem of ChmM Philosophy (Manchester, 2. 352, 1B10)—if oxygen 
be 16, Dalton's number becomes 2x64, In 1814, from the analytical data of 
J. L. Proust and R. Gh&nevix, W. H, Wollaston calculated the value Cu=40 if 
oxygen is 10, or 64, if oxygen be 16. 

(1) Tho d&rminalion of the ratio CuO : (X—Between lSILand 1820, J. J. Bemtiun 
made numerotu analyses of oupria oxide, and determined the weight of metal sot 
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bee when purified cupric oxide is reduced in hydrogen; be calculated the ratio 
BuO: Cu»79*3: 63'3> which* gave the at. wt. of copper 63*298 when that of oxygen 
fc 16. These experiments have been discussed by J. Sebelien, and H, G. Sddurbaunu 
the standard for oxygen used by J, J* Berzelius was 100. As late as 1820, 
6* Dalton's theory had net been refined by Avogadro's hypothesis, and there were * 
Home differences of opinion as to whfether the at, wt. of copper should bo 2x64, 64, 
[or | xf>4—J. J. Berzelius employed the first value, J. J, G, Meinecke the hwuiuI, 
and L, Gmelin the third. The value approximating to 64 fits in with llm rule, 
and the law of isomo^hism. An application of Avogadro's hypothesis to the 
volatile chlorides is not so decisive because the smallest quantity of copper 
present in a molecule of the vapour of cuprous chloride (y,r,} is twice as great as 
corresponds with the accepted at. wt. This is Attributed to the doubling of the 
molecule. With some solvents, J, H, van t Hoff's methods furnish results lii harmony 
with the accepted value as representing the at. wt. of a single atom. Thus* 
G. T&mnianti and G. Meyer have shown that the dement dissolved in mercury is 
probably monatomic on the assumption that the at. wt. approximates 64 ; Y. UaW, 
however, regards this as doubtful. 

In 1844, 0. L. Erdmann and It, F, Marcliaml repeated J, J. licr&'liu* deter¬ 
mination, and corrected the results fur weighing in air; they obtained 63*462. 

J, B. A* Dumas reduced copper oxide, and transformed the product into cuprous 
sulphide. He said that his numbers varied from 63 ly 64, but gave no details, and 
he put 63 5 for the at. wt. of copper. In IH63, N> A. E. Mil Ion and A, bWmaillr 
reduced cupric oxide by hydrogen, and checked the results by weighing the synthe¬ 
sized water. They obtained 63'125. In 1873 , W. llampe tried reducing a silver 
salt by means of copper, but did not get satisfactory results, and fell back on' the 
original Berzelian method, reducing the weighings to the vacuum standard. He 
thus obtained 63*344. In 1891, T. W. Richards showed that all previous results 
were vitiated by the occlusion of guaes by the reduced copper, for these are not 
expelled by heat. By malting the necessary correction, he obtained 63*602 for the 
at. wt. of copper. In 1906, E. Murmann reduced cupric oxide, and reuxidized the 
metal. He selected values vary ing between 63 b 12 and 63 56^ to represent his 

results. 

(2) The analysis of cupric sulphate or cupric bromide,—ll. Baubiguy calcined 
anhydrous cupric sulphate and calculated the at. wt r 63*466 from tfio ratio 
CuS0 4 : CuO, or CuO: SGg. T. W. Richards also obtained 03 065 from the ratio 
CuO : Cu80 4j obtained by the synthesis of cupric sulphate from cupric oxide ; 
G3’472 from the ratio <Ju: CuS0 4i obtained by the synthesis of the same salt from 
copper; and 63 601 from the ratio CuS0 4 : Cu, obtained by decomposing a coin, of 
anhydrous cupric sulphate electrolytically—W. Hampe had previously used the 
same process and obtained 63 32* T. W. Richards also analyzed the pentahydrated 
sulphate and obtained 63*560. He electrolyzed a sola, of cupric sulphate ; 
determined“the free a*cid by titration with a standard aoln. of sodium carbonate; 
and obtained from the ratio On: Na 2 C0 3 ,63 533, He also measured the amount of 
sodium sulphate produced, and obtained from the ratio Cu: Na^S0 4 , 63 558 ; and 
in another series the sulphuric acid was determined aa barium sulphate, Cu ; BuSQ 4 
=63-679, The data enable the at. wt. of copper to be computed from other ratios, 
CuS0 4 ; Na^COg, 63 441; Ct^O*: Na^, 63 481; CuS0 4 : Ba0O 4 , 63*803; 
CuS0 4 .5H,0: NajCQa, 63 533; CuS0 4 .5H 2 0: Na^SO* 63-558; and Cu80 v 5^0; 
BaS0 4 , 6±‘082* T, W, Richards also analyzed cupric bromide—determining the 
copper by dectroylsia, and the acid as silver bromide; this gave the ratios, 
CuBr 2 : Cu: 2AgBr, from which he computed at, wta. varying, in five different 
aeries, from 63548 to 63-689. 

(3) The determination of the dectroehetnicai equivalent of copper , that is, the ratio 
Cu: 2Ag.—Lord Rayleigh and H, Sidgwick measured the ratio in 1886, and obtained 
for the at. wt* of copper 6338 (stiver, 107'&3); T* Gray likewise in 1886-9 obtained 
63 31 to 63 60; W* N. Shaw in 1866, 63*49; T; W. Richards in 1887 and 1888, 



112 


IHORCUOTC ASD THEORETICAL CHEMISTRY 


63*599 and 63*600 respective!y; A, Vanni in 1891, 63*41; T, W. Richards 
E* Collins, and G. W. Hoimrod in 181)9, 63'60; T. W. Richards and G. W. Heirnrod 
in 1902, 63*601; and U, Gallo in 1905, 63‘5fl5. 

Taking all these values into consideration, and applying corrections for the 
♦various known sources of error in the earlier work, W. Clarke arrived at 63 5600 
as the Imt representative value hi the at. wt. of copper; and added: ** This value 
is possibly, but not certainly, a Utile too low. The rejection of the values derived 
from cupric oxide raises the general mean to (l-TOti1, which may be nearer the truth." 
B. Braunor also arrives at what he calls the miiiktr Wert 63 60, with silver Jl}7'93 f as 
the basis of calc illation; and the ittodvrnar Wert 6356, wifli silver 107 883, as the 
basis. The International Tabic of Atomic Weights for 1920 gives G3'57, or, in 
round figures, 63 6. The atomic number of copper is 29. 

Lord Kelvin 2 estimated from the theory of contact electricity that 10" s cuts. is 
the mini mam admissible diameter for the molecules of copper or zinc ; or that it 
would lie impossible to make thinner plates without splitting atoms ; or that when 
these metals combine' le form an alloy, they do not approach closer than this. 

G. .Uigur also ouh uluted a value from the electrical conductivity of the sulphate. 

According to M, Traube, 11 copper is bivalent both in cupric compounds and in 
cuprous compounds. The extraordinary compounds found in the brasses and 
bronzes have kd ft. A. Pu&chin and others to believe that the ordinary valency rules 
are quite inapplicable. fl.Brauncr audB. Kumasuggested that the atom has a maxi¬ 
mum tervideney in the so-called potassium tcllurocuprate, ^KuO.Cu^Oa -iTeOj.TiH^O, 
although then* is very little evidence to justify the deduction. K Muller also 
believes that rupper may he uni-, bi-, ter-, and quadri-valent in its behaviour 
towards oxygen; ho assumes the individuality of the oxides, Cu^O, CuO, Cu^Oy, 
and CuO^, A. Rosenheim and W. Htadkr, aud J. V. KohlwdiutLer assign to copper 
the co-ordination number 3. 

In liia statement of the periodic law, J). I. Mmdeleoff pointed out that when an 
clement like cupper forms two series of compoimils, iu one of which it lias the same 
valency us its neighbour in the horizontal row, its compounds iu this state of 
oxidation will be similar to those of its neighbour, and the resemblance uf copper to 
zinc is cited in illustration. J). 1. Mcridideeff considered the possibility of allocating 
copper to Group VIII, because this clement does seem out of place when grouped 
along with the univalent (dements of the alkali family. In developing Mondeleefl's 
law, it was the fashion to seek for similarities rather than dissimilarities, for analogies 
rather than diacrcpancieiL If the periodic rule be confined to the elements, thorn 
are many striking relations and. analogies. When it is remembered that the cuprous 
and cupric compounds represent two states of matter which are very different, aud 
which have no other relation tlian that the corresponding compounds can be con¬ 
verted ouo into the other by oxidation or reduction, the form of matter representing 
cuprous copper L distinct from that representing cupric copper, although each can 
be converted into metallic copper. The one form is univalent" the othepis bivalent, 
and, according to G. Bodliinder and O. JStorbcek,* and E. Abel, cuprous copper is a 
much nobler dement than cupric copper, perhaps even nobler than silver. In 
allocating the metal copper to Group I of the periodic table, the properties of the 
cuprous compounds arc arbitrarily selected as typical of the clement. Had it been 
necessary to fit the dement into Group II, tiro bivjdont properties would have been 
emphasized. This has actually been done with thallium whose univalent qualities 
are even more pronounced than those of copper, and jret it is as arbitrarily grouped 
with the temlent elements in the periodic table. M. Reingnnum showed that the 
spectral series justified the inclusion of silver and copper in one family; and 
it Lorenz believes his rule of twin elements agrees with'the recognized position of 
copper in the periodic table. 

W. Ramsay and A. T. Cameron 5 believed that they had transmuted copper 
into lithium by exposing sat. soln. of cupric sulphate or nitrate to the emanation 
from radium. E, Oleditach could find no pimple relation between the amounts of 
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Ithium and copper in a number of radioactive minerals such as would bo anticipated 
t W* Ramsay’a transmutation were real. For example : 
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M. &♦ Curie and E. Gledifcsch, however, showed that the inference is faulty sinon 
tho lithium was derived from extraneous sources; by using apparatus—quarts 
and gloss vessels—quite free from lithium, none was found. 
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g 8* Alleged Allotropic Forms of Copper 

The temp, at which there i#on abrupt change in any physical property may be 
employed to determine the transition temperature of a substance. There is there¬ 
fore a comparatively wide range of available methods, and the right choice is deter¬ 
mined by the particular conditions most suitable for the specific problem in hand. 

Tho more common methods employed iu tiio determination ol transition point* arc; 
(1) Solubility; {2) Vapour presa. ; (3) Kuating or cooling carve*; (4) Cliange of colour; 
{ft) Change of volume. In ihie nuHltad, a diLaLornotcr />, Pig, 21, contains tho metal under 
investigation. The dilalometer D is placed ip a bath lifted with stirrer SS, thermometer T t 

VOL. ill* 



Ill 


INORGANIC AND THEORETICAL CHEMISTRY 


and thermostat P for maintaining any required uniform temp. The level I <1 the liquid 
in the ditatometar is read from time to time by means of a eathetometer If expansion or 
contraction occurs, the substance under investigation is above or below' its transition temp, 
If no change in volume occurs the substance Is at its 

# transition temp. (6) Change in the electromotive force 
of a cell- The cell shown in the diagram. Fig. 22, 
contains white tin in one limb, grey tin in the other, 
and is nearly tilled with a solo. of ammonium stannic 
chloride. The cell is placed in a bath which tytzt be 
adjusted at any desired temp. A delicate g&lv&no* 
meter is placed in the circuit. When the temp, is 
^ above 18°, the current flows fAm the grey tin through 
the aoln. to the white tin 

. so that the former ia tfia- 

solved, and white tin ia 
^**' v **^Ji j *il* deposited; briow 18“ the 

w l# T* tiiruction of the current 

A end the behaviour of 

the motels, are reversed. 
JE*L Hence it is inferred that 

^■pjW lft° ia a transition temp. 


I \\ v UB Gw A number of alio- 

* Uk . ^ tropic modiiications of 

^ J copper have been re- 

Fm, 21,—The Determination Fio. 22 —Electrical Method ported, but in no case 
of TraniulioivTonipeniturcH. for Finding the Transition is the evidence clear and 
^ oint - decisive. In spite of 

* the many reports which 

have been made of the uxisUmco of allotropos of copper, it is assumed that the form 
which is stable at ordinary temp, is the same an that which occurs at lower and 
higher temp. The thermal analysis, electrical resistance measurements, and the 


Fio. 22 —Electrical Method 
for Finding the Transit ion 
Point. 


microscopic examination do not disclose unequivocal evidence of a chemical trans¬ 
formation of copper into different allotropic forma, 

P. SchiUwnliPTger'# aiiotropv .—In 1878, 1\ Scliiitzeubcrger * electrolyzed a neutral 
or feebly alkaline 10 per rent. soln. of copper acetate between a copper anode and a 
email platinum cathode, and, by keeping the temp, low, obtained a metallic deposit 
which (i) was extremely brittle; (ii) was easily oxidized, so that plates washed 
with boiling water became deep indigo-blue when exposed to air; the deport also 
oxidized quickly in water (with air in aoln.J, and in tone. soln +j ^i*^ u copper 
acetate ; (lii) develo|o!d nitrous oxide, N 2 0, with ii) per cent, nitric acid ; (iv) Lad 
a ep, gr. of 8 U to 8'11- lower than copper ; (v) was leas red and more of a bronze 
colour than copper ; end, (vij had a higher electrical resistance than copper. The 
deposit passed into ordinary copper when rapidly warmed to 100°, or by prolonged 
contact with tlil. sulphuric arid. Ordinary copper was also obtained if the temp, 
of the win,, during electrolysis, was raised, or if the olortrdlyte was too acid. It 
was accordingly inferred that V. &Vhiitzenburger had prepared an allotropic form of 
copper. If the alleged allotrope be powdered under water and washed, some 
acetate and oxide are obtained; the deposit obtained by P. Schiitsenberger’s 
process contains lens than 5 per cent, of oxide. 

G. Wiedemann (1866) had previously shown that in the electrolysis of neutral 
soln, of cupric acetate, a peculiar bronze-like deposit is produced at the cathode, 
and that “ the copper deposited at the negative pplo takes with it a quantity of 
copper oxide from the solo, and the deposit is then very brittle and dark brown. 
The amount of copper oxide held by this deposit is dependent on the cone, of the 
win." G. Wiedemann prepared specimen* with 12 to 36 per cent, of oxide by 
increasing the cone, of the soln, It was therefore suggested that the alleged allotiopc 
is nothing more than a soln, or an intimate mixture of copper oxide and copper. 
This, however, cannot be right because, as P. Schutzenheiger showed, the sp. gr. 
of the allotropic form is too low, wd the peculiar properties disappear spontaneously 
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when the alleged alio trope is heated to 100° or 150°. J. B. Mackintosh showed that 
tbs alleged allotrope contained appreciable amounts of carbon and hydrogen, as 
well u of oxide, and he explained the rapid oxidation, etc., by assuming that the 
deposit is very porous. j5. I, Meadel6e3 attributed the peculiar properties of 
F, Schttsenberger’s allotrope to the presence of occluded hydrogen or to the forma* 
tion of a hydride. Again, according to C. Benedicks, although the copper prepared 
by P r Bahiifoanbeiger'iS process contains some cuprous oxide, the amount is small, 
and this the less the greater the current density and the Jess the cone, of the sob. 
By using a current densii/ of about 0 025 amp. (10 volts) per sq. cm. between 18° 
and 29°, a rapidly rotating cathode, and an electrolyte containing O'lN-copper 
acetate and 0*3if-acetic acid, a deposit can be obtained practically free bom 
cuprous oxide. Hence, G. Benedicks argued that it is more likely that P. Schiitsea- 
beigerie allotrope is a solid sob. of acetic acid in copper because the product in¬ 
variably contains carbon and hydrogen very nearly in the proportions corresponding 
with anhydrous acetic acid, and, when warmed, sometimes without warming, it 
smells of acetic acid. T. B. Briggs rejects P. Sohiiteonbergers allotrope hypothesis 
and C. Benedicks 1 solid sob. hypothesis. By analogy with other known colloidal 
forms of the elements, and by its behaviour and mode of preparation, the alleged 
allotrope is a colloidal hydrogel of the normal metal. Its formation during the 
electrolysis of acetate sob. is explained by assuming that in such soln. a gelatinous 
protective colloid, probably copper hydroxide, is formed by hydrolysis; and this 
has been confirmed by emulsion experiments with benacne. 

E . (Men 1 * aUoiropes.— E, Cohen and W. D> Heldermann 2 found tljut the density 
of cast copper, 8'8B0 T did not change when kept for 24 hours in a sob. of copper 
sulphate (half eat. at 100°), but if kept for 24 hours at 25°, the up, gr, rose to 8 900; 
and, by measuring the rate at wbch the volume of the copper changes when heated 
in a dilatometer at temp, between 25* and 90°, the minimum rate of cxpAnsion 
occurred about 70*. Hence it is argued : (i) there ore two modifications of copper 
—the form stable below 717° is called ^-Copper, and the one stable above that temp. 

^ COpper ; (ii) the transition temp, from the one form to the other is in the vicinity 
of 70*; (iti) the so-called pure copper at ordinary temp, is always a mixture of two 
modifications—stable and unstable ; (iv) the unstable variety is in a met&stablc 
condition at ordinary temp.; and (v) the physical constants of copper hitherto 
determined refer to indefinite mixtures of the two modifications. A. Smite and 

F. Spuyman could find no signs of a transition temp, at 7<l° in their study of the 
c.m.f. of a copper-silver couple immersed in a sob, of cupric sulphate. 

G. K. Burgess and 1. N. Kellberg could find no signs of tnc supposed modifications 
of copper in the continuity of the curves relating to the electrical resistance of the 
metal at temp, between 0* and 100" ; nor could P. W. Bridgman find any evidence 
of the supposed allotropism in the effect* of press, on the electrical resistance of the 
metal. A. Smits and J, Spuyman could find no sign of a transition point at about 
70° nor did P. W, Bndgman’s measurements of tbe e,m.f, of thermocouples suggest 
any allotropism of the copper. E. Janeckc, however, subjected the metal to a high 
press,, and measured tbe press, at different temp, (hearing and cooling), the resulting 
Pf-curvos showed a slight bend in the viebity of 99°, This was taken to agree with 
the existence of two alio tropic modifications of copper. The fact that the transition 
temp, by E. Cohen and others is somewhat divergent may mean that some other 
phenomenon, not allotropism, is under observation— e.g. (i) press, may distort the 
crystal grains and make them* decrease the interory&taUbc spaces and so change 
the density; and (ii) small changes b density may be produced by the gradual 
water-logging of a specimen heated in a sob. of the metal sulphate, for water can be 
forced through many metdEs when subjected to high press. The small backward 
and forward changes of density on a falling and rising temp, may he explained by 
the changes in the amounts of sob. retained in the interstitial spaces at different 
temp., owing to the expansion and contraction of the soln, It is also possible that 
E. Cohen's results are due to the presence of cuprous oxide or to the use of chips or 
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win* in a state of internal strain or of unstable fine crystalline structure. In rfcply* 
E. Cohen said Chat fij the transformations often take place so slowly that, to 
accelerate them to such an extent as to enable them to be detected, it is necessary 
to work with line powders in contact with a soln of an electrolyte with which the 
*meta) is in equilibrium; (ii) W. Roscnhain’s objection that the electrochemical eq, 
by different observers negatives the hypothesis that the metal eft wwastf is a 
mixture of unstable forms is explained by the fact I bat the eq. is a question of 
mass, and independent of the polymorphic form taken by the metal after losing 
its charge. # 
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. 5 9. The Copper Suboxides 

In the ii rut century of our eru, Dioseoridcs knew that when copper is heated it 
becomes covered with a red film which can be removed from the surface of the metal,, 
and he added that the powder is black if the metal he heated too strongly. Pliny, 
and Gebor also made analogous stetemonto. The chemists of the phlogiston period 
knew that the metal can be oxidized (dcphlogistieated) in different stages, but 
J, L. Proust 1 Jimt showed that in addition U> flic bhuk copper oxide which is formed 
during the calcination of ordinary salts of copper, a definite lower oxide can be 
prepared by reducing u soln, of one of the topper salts with stannous chloride, and 
treating the resulting cuprous chloride with potash lye, The new oxide so pre¬ 
cipitated wns found to furnish metallic copper and a salt ol the higher oxide wnen 
treated with sulphuric or dil. nitric acid. 

Copper thus forma two well-defined oxides, the lower oxidized form is now called 
cuprous oxide, ChijjO, and Ihe other cupric oxide, TuO, Each oxide is the base of a 
characteristic aeries id salts. The copper base in each series behaves as if two 
different dement* are involved -one a univalent element related to silver, and the 
other a bivalent dement related to nickel There are also hydrated forms of 
cuprous and cupric oxides which are colloidal gels, or true hydroxides, • In addition, 
cop-per Btuquioxide, Cu 2 (Ij, arid copper dioxide or (wroxidc, CidX.HfcO, have been 
reported. The so-called mytroitocupric oxide, 2(’UoO.CuO, might be more correctly 
symbolized Cu 2 0.«CuO, since it is probably a solid soln. of one oxide in the other. 
Two sulwxidefi, copper triloxide, Cli^O, and copper tpiadmntozkie, or tdntoxuk* CuiO, 
have been also reported, but proofs of their uidhgduality us homogeneous chemical 
upecies are wanting. 

H. Rose 2 prepared what he regarded aacotn^tflftlkdraatoxldaiCu^O, or oop^ 
tfttlitlffltilto, by adding freshly prepared and moist cuprous chloride to a dil. soln. 
of stannous chloride in potassium hydroxide—if the soln, be too dil or if too much 
Htonnous chloride bo employed metallic copper is precipitated. The same product 
was obtained by using a soln. of cuprous sulphate instead of cuprous chloride, 
H. Roods directions are : 

$00 c.c. of a flofn. of copper sulphate (containing the eq, of 10 grrna. of copper) arc added, 
with constant agitation, to a litre df a well oqplcd soln. of fill grras, of potaa&ium oxide and 
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muted with suJBtiont stannous chloride to oxidize 30 gnus, of iodine*. The oporetjon is 
conducted in a flask just largo enough to hold the boJxl After the mixture 1ms stood for 
24 his, the cdivtvgiwn precipitate is washed in an atm. of an inert g&a—hydrogen or nitrogen 
^first with dil. potassium hydroxide; then with aqua ammontu which flocculate* iho 
precipitate ; and finally with water. t 

J. H. Gladstone and A. Tribe also say that if a copper-silver couple be placed in 
a sola, of cuprio nitrate, a film of this oxide may be deposited on the silver plate. 
A, Ilecoura obtained Hose’s oxide by the decomposition of cuprous oxide, q,t\ 
II. Rose thus describe! the properties of copper quadrantoxido : The oliv<vgre<m 
powder ia stable if kept under water out of contact with air, and it gradually becomes 
denser and Leas readily oxidized; but it cannot lie dried without change. When 
the oxide ia heated in a limited supply of air, it acquires a yellow film of cuprous 
oxide, Dil. sulphuric acid converts it into copper and cupric sulphate in the 
proportions Ou : CUSO 4 —3 :1 (nearly); the equation is presumably (.■u 1 U f H 2 SO 4 
— ILO-j-t'tiSQi+SOu —since cuprous oxide is soluble in dil, sulphuric m id, L, Munei 
navH that the quadrantoxide is either decomposed by the dil, acid or okc it Is u 
mixture of cuprous oxide and cop per. Hydrochloric acid find darkens the quaiWil- 
oxide—possibly forming copper nufx'ttforiik —and then furnished a mixture uf copper 
and cuprous chloride; and hydrocyanic acid forms a black substance possibly 
copper jiitbcwanide —soluble in dil. nitric acid. Hydrogen sulphide transform* 
cupper quaurantoxide into u black homogenenu* huI nstance — ]mssiblv copper xuk 
sulpliitfc— which gradually gives oJf hydrogen and forms a higher sulphide. The 
quadrant oxide is insoluble in aqua ammonia or in an ummuniocul sol 11 . o f ammonium 
rarhonntc, L H. Gladstone and A, Tribe add that silver nit rule is reduced tq fill- 
form silver by cupper suboxide, Analyses of tku product correspond with 05 per 
cent, and 5 per cent, of stannous oxide. The e hem Seal individuality of the 

([Undrantoxide has not therefore been established. and when further investigated, 
Jt may prove to bo a hydrogel of variable composition, ] Jf Wohler and 0 . JJjjIz 
observed no signs of the quad ran fcoxido in their study of the dissociation 

Cuprous oxide, Cui>G.—Tt is probable that the copper mineral likened by Theo¬ 
phrastus to the “carbuncle/’ refer* to a native form of this oxide, and called bv 
(b Agricola 3 (1546) “red copper.” Reference* to the same mineral occur in the 
writings of J, B. L Rome de ITslo (17&*)- A, -f r Gronstedt (1758), R. G, Hugo (1773), 
■I.G, Wulleriua (1778), and R. J. Jlaily (IWIIJ, The filler called it ruivrcftxyde rougo, 
and pointed out that, unlike thcearbonule^it dissolves in hydrochloric acid without 
efiervesting ; he expressed the opinion that the earth is nothing more than rw?W 
fwt chtirtf6 d'Qvtffffaw. This was proved by R r t’henevix, who showed by analy«i* 
that the Cornish mineral mf copper ore is a crystalline form of cuprous oxide - 
copper 885* oxygen 11 '5 percent—and M. H. Klaproth confirmed this by analysing 
a sample from iSiberia. In consequence of this colour cuprums oxi<h- has received 
many different designations —livery capper ore; ruhrite; and Zwfekrz - that is* tik 
*#e —a term which was contracted to 2 tgucliw. In 1845, W. Haidingor suggested tho 
term cuprite which is now generally accepted, A form of the same mineral occurring 
m slender fibres resembling fine hair, is called chukntrichiU’- copper ; 

hair—and also^oiflers of copper, or fores tupri. According to F. Sendbcigcr, and 
hh Weinsehejik, this mineral is the colouring agent of the hyacinth, W, Autunrief.h 
found 0 U 7 per cent, of iodine in some samples of red copper oxide, Octohcdral 
crystals of cuprite have been Reported in copper slugs and furnace product* by 
K Mitsclieriich, J. L. Jarman and J. F. McCahh, J. K. L. Hausutann, A, Arzruni, etc. 
Crystals of the mineral along with cassiteritc havu been found by B. G, Sage, J. Davy, 
C. Growingk, A. Lacroix, etc., in the oxidized crust on old bronze figures. The 
synthesis of the mineral artificially has been discussed by L, Bourgeois, Ck W r C, 
Fuchs, F. Fouqu£ and A. MicheLLevy* etc. 

The preparation of cuprous oxuk by oxidizing vwtaUic capper.— R. F, Marc hand 4 
heated thick copper wire in a muffle for half an hint to a white heat, and then for 
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several hour* to a dull red heat Ho Haiti the cuprous oxide is deposited on the 
remaining button of metal in black masses of crystals which give a purple-red powder. 
A, Yogel and C. Keischauer found that cupric oxide ia converted into cuprous oxide 
t when heated to a high temp. H. Debray and A. Joannis say that even if a Urge 
excess of copper bo heated to redness in a stream of air, cuprous oxide is formed. 
^There is nothing here to show how much cupric oxide is formed at the same time, 
since it is all a question of temp, and press, how much of each is formed. According 
to R. H, Bradford, at ordinary press., cupric oxide is transformed into cuprous oxide 
at L. Wfthto and A. Foss found that the reaction ft of the balanced type : 

iCuO^CtisO-b 0^, and the dissociation press, at different temp, is quite analogous 
in principle with the dissociation of barium dioxide: 2Ba0 2 F^2BaO-bOjj. Thepariaal 
press, p of the oxygen, at different toinp., expressed in mm. of mercury, is: 
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There is a complication, however, for they uwmiucd that cuprous and cupric oxides 
are soluble in one another forming a single phase, and the dissociation press, of this 
aoln. like wise depends on the temp, and the cone, of the cuprous oxide dissolved 
in the cupric oxide. For a mixture of equimolecular part* of tin: two oxides, the 
dissociation press, p' at different temp, arc indicated * 
in the above tabic, and the values of p and p arc 
likewise plotted in Fig. 23. Tbe two-com|xmcnt 
ay stem—solid aoln. of the two oxides, and gas— 
remained until all thu oxygen required by the 
reaction was removed and cuprous oxide alone 
remained. H. W. Footo and E. K. Smith showed 
that the values estimated for the dissociation press. 
by W. 8tuli! are much too small. F. Jl. Smyth and 
ll. S + Roberta sbowiul that it in unlikely that a 
solid soln, of the two oxides is formed at a temp, 
at which hoth oxides remain solid, and that previous 
results are vitiated by inadequate temp, control ; 
and in their study of the dissociation press, they 
found no evidence of the formation of solid aoln. between copper, and cuprous 
and cupric oxides, Tbe reaction lias also been studied by R. N. Pease and 
H. S, Taylor. 

0, H. Bailey and \\\ 3). Hopkins heated cuprous oxide to a high temp.- over IflOO*—- 
in a mi injector furnace, and obtained a yalluwiah-rvd mass of up. gr. 3-fll, Analysis corre¬ 
sponded with Cu,0, 04p|w tritoxMs. The thely-powderod product was not acted upon 
by oona or dll. minend acids, but it woe slowly attacked by hydrofluoric acid. It could 
be obtained in a soluble form by fusion with potassium bydrontido, in which it ditieolved. 
Brown flakes aepuated when tlw rotd cake of potassium hydroxido was digested with 
wow. These flakes drwolvod readily in arid. E. Jofdis and W. Kosenheupt believe the 
product to be a solid sola, of copper in cupravu oxide or of cuprio oxide and copper quadrant- 
oxide. In any tote, although the attempt was made to maintain an oxidizing atm,, it is 
very improbable if the attempt was successful in view of the known difficulties of obtain- 
tog oxidizing atm. in high temp, gas furnaces. 

R. Chtfnevix prepared cuprous oxide by heatup a mixture of finely-divided 
metallic copper with l l 26 times its weight of cupric oxide to a low red heat in a closed 
vessel; and J, J, Beirelius heated alternate layers of copper oxide and copper 
plate. The red oxide can then be readily separated from the ncoxidised metal. 

F* Enrich, and P. Sabatier and J. B. Senderens obtained cuprous oxide of a fine' 
cochineal red colour by heating reduced copper above 3^0° and below a dull red 
heat in a Stream of nitrio or nitrqus oxide. The oxidation is said to go no further 
than the desired Cu t O, A. C* BecqueieT obtained crystals of cuprous oxide by 



Fro, 23.“lliwuciation I'ren- 
auzvs. aCuUr^i^HO. 



COPPER U9 

dipping a atrip of copper in vetted mercurous chloride or a mixture o! mercurous 
and silver chlorides. 

The preparation of cuprous oxide by reducing cupric oxide or satis, —The higher 
temp, n'ducfcion of cupric oxide by heat and by red-hot metallic copper has been 
already discussed. A, C, Becqucrel & obtained crystals of cuprous oxide by forming 
fr-sotn. ot cupric, nitration an excess of cupric oxide and allowing the mixture to 
stand in contact with a copper plate for some time. L. Bourgeois also obtained 
orange-red octahedra by adding cupric oxide to molten calcium chloride—oxygen 
is given off and cuprous oxide formed* L. Bourgeois found that if an excess of 
copper oxide bo melted with tin or stannic oxide in a pontdam crucible, and slowly 
rook'd, dark reddish-yellow crystals of cuprite and colourless needles of stannic oxide 
are formed. Many other reducing agents may be used. A. Knop added a mixture 
of ferrous sulphate and sodium carbonate to a solo, of copper sulphate, ami after the 
mixture had stood some time, he obtained crystals of cuprite. F. Wibcl added 
ammonia to the same mixture. J, do Girard and A. de Sjiporta used hydrazine 
jHiljtktttP, in alkaline soln.—E. Rimini says the reduction lie re goes to metallic copper ; 
W. H. Foster used phenglhijdrttzine ; E. Pochard, 1). Vdrlander and F. Meyer, aud 
b Mtster used hydroxy la mine hydrochloride in alkaline soln. - W, H. Foster says 
some cuprous oxide remains in snln. P. JjmrwHch used an alkaline aoln. with 
tart uric arid and hydror/en perorirfe. Ih Tom mow touted a mixed so In. of jwtuAHium 
chlurate mid cupric sulphate with zinc, 

A. fitard heated a mixture of cuproflocupric sulphite in a current of corkw 
dioxide and obtained a mixture of both cupric mid cuprous oxide ; li> Newbury 
heated a basic cupric sulphite with water ; T. f ’urtius ami It. Jay heated hydrjizine 
cupric sulphate. P. Cazeneuvc heated a soln, of cupric, acetate to 200* ; J. Jtibon 
heated cupric oxide with a soln. of acetic acid ; E, Priwoznik heatrd metallic copper 
with iicctifi acid and ammonium chloride ; A. Vogel heated a so In. of cupric acetate 
with sulphur dioxide; J. M* Eder heated cupric acetate or oxalate with pomatum 
jWm-osahite ; E. Ehrmann boiled Schweinfurt’s green with alkalidye; K. G* Thuru- 
lakh heated a dd. soln. of cupric glycerate ; M, Prud’homine heated a blue soln. of 
cupric hydroxide in alkalidve with chromic arid ; A. Guerout heated malachite with 
ether in a tabled tube at A convenient way of making cuprous oxide is to 

reduce a rone* soln. of cupric sulphate and sodium chloride with sulphur dioxide, 
and ex|xd the excess of the latter by heat. The addition of sodium carbonate to tho 
hot soln. precipitates bright red cuprous oxide, which can be readily washed by 
decantation. 

Many organic: agents reduce copper oxide, cupric hydroxide. For example, 
with sugar, E, MitsoUerLich reduced, cupric sulphate, and It* Bdttger, cupric hydroxide 
suspended in water. E, Mitsoherlich s process often a convenient method of pre¬ 
paring cuprous oxide : 

Sodium Hydroxide in oddud to a soln. containing equal parts uf cupric sulphate and grajw 
sugar until the precipitated cupric hydroxide at first formed is rediwdvcd* When this 
wdn. is warmed, tho cuprous oxide is precipitated as a powder, which is free from hydrojide, 
and is not changed by exjsjsure to air. 

L. Griinhut used benzoic acid; H. W. F. Wackenrodor used gallic acid; J. J. 
Berzelius, t'ftftojro white; A. Vogel, turpentine; A. M. Butferoff, mannitc sob, at 
tiU o -70 c —Ck 0, Wittstein denied this reaction; L. Hunton and W. H. Foster, 
and R* Bottger also used * tnanniie in alkaline soln.; N* A* E. Milton and 
A. Cotmnaille, and E. Mitecherlich employed several diderent kinds of sugar; 
R Bottger used sugar and potassium sodium tartrate ; J. Habcimann and M* Honig 
u*ed letnihse, dextrose, invert sugar, cane sugar, and lactose, and found the reduction 
proceeds faster in tho presence of barium hydroxide. J. Lowe used glycerol and 
grape sugar; P. Degenar, E, Feder, and H. Friacher used potassium sodium tartrate 
in alkaline sob*; T. A/Gkmdinning used maltose. E. Fedor and E* Schiar found 
that the alkali can be replaced by oxides of the alkaline earths, magnesia, borax, 
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sodium carbonate* by many alkaloids, and by organic nitrogen bases, W. Miiller 
and J. Hagen used grape sugar in neutral aoln.; R. Bottgcr, dextrine in alkaline soln. 
F. W. Traphagen and W, M. C>obleigh say that euproua oxide reduced by sugar is 
not pure; and F. Zerlmn ami AY. I\ Naquin m it is more or less hydrated. Accord- 
ki$ to V. V, Sarrn the ydlow sufotimh formed by the reduction of an alkaline 
oupric auk contains beside* cuprous oxido a n appreciable amount of cuprous 
hydroxide, which perautta after heating the substance to HO 5 . Red crystalline 
cuprous oxide is precipitated by boiling Fchliug a soln, with dextrose. 

M, Rucifls prepared a colloidal soJn. of cuprous oxide by bailing I c,c. of Mil mg's 
sob. with 0 5 c.c. of a l per cent. twin, of dextrose, and 15 c,u. of urine, and 7 c.c, 
of water. The hi! rate contains bright red c olloidal cuprous oxide. The character 
of the precipitated uipruLi* oxide depends upon the relative proportion of tartrate 
used ; with on excess of tartrate, red crystalline cuprous oxide is formed, and with 
but little tart rule 1 , the cuprous oxide is yellow and amorphous—probably a 
hydroxide. }, m Moyer soya the yellow pretipitate is probably a hydroxide, and, in 
thii alienee of air, the colour passes quickly through orange to brick-red, probably 
with the loss of water; it can then ho dried without further change—it then con¬ 
tains 'l to 5 per cent, of water. At a low red heat the red crystalline form aj)pears ; 
consequently, the yellow oxide is the primary metustable form, and the red 
crystal I inn oxide the stable form. A yellow precipitate of cuprous oxido k 
obtained by treating a stare of cuprous chloride with sodium hydroxide, and drying 
the washed precipitate in an atm id hydrogen free from oxygen. Home consider 
Ihe yellow pntapitata is ‘UpionH hydroxide Cu(OIl); and the red precipitate, 
cuprous oxide Cu a O. According to ,M. Griper, the djflVreiicc in colour is due 
to tlfe dillereEHe m the size of the gnmuliw. As in the case of red ami yellow 
mercuric oxide. Ihn larger the granules the redder the tint. 

llmKEM'ulh'd Egyptian om+ini-nt., llio i oujwhhtm sEffyjtfiarum of the olflei pharmacopoeia* 
was for a Joog Lime crniriiilrW n valuable uicthcuw : it was piqwunl by boiling a mixture of 
venligTis, Jimmy, and a few drop* of vinegar. A- ItaumA iiHriEiiilrtl Lhe striking clumps uf 
roloor which occurs to Iho phlogirtmi of tho acoiie acid muting with tho verdigris, forming 
metallic (inppor, }[, Vi>gr( {JHJ fi) Mhuwvd that llio rerhhsh-brown precipitate is not metallic 
copjiar but. rupioiis f>Mfle, eiul m uLmq prndiLrul if Hie honoy lw replaced by many oilier 
vanetjus of sugar. J. A. J l urhne i roullri red the result * ufl l. Vi >grl, h utwl iovnd tl ie j ireci pi t at e 
woh a compound of euppn 1 wjiTi turn of Urn cJonvogu products of sugar. <1 Trommcr (J84f) 
Hlitmix] tluit an alkalltiu noire of h popper salt luvi im s a valuable m^rtiiP of iMoreutiating 
Jml WiN'ii dilTercnt nugam r lj. A. ttarnwvil, slimulalcd by u prize offered by tho tioei&ti 
tVrncomagc'mrtU p (mf rittdtwtrii nafiount^ prc|inrc(l a Boin. which could lie employed 
vein met neatly for the quant it nlivo determination of PUgnr. H. Schwartz eittetidod the 
method to starch which wok to be hydrolyzed to gluctwu by it prior treatment with dil. 
sulphuric w jd> II. von Kohtinp uurkrd out many details for Llio succetH of tho method, 
and tho liquid came to be ciillisl otter hint h\ Soxhlut domonsLrated tha exact condition* 
nivotisary m nnler that tlio tout might give anti factory rosulta, and to avoid tins use of an 
ujiHtnblo slandanl JupuiJ, intriKtucL'd tho two-standard soln. to be mixed when required, 
'J'he so-railed FshUng’S solution is on ulknlmu soln. of popper aulphlto mixed ^ilh ftvckrlh 
mU or Sfigntitvi ml* two names for potassium sodium tarttate, (^H^KNo.411,0, 
aji[diud in honour of its disco very by V. Srigmitta of Rochelle in Hi7St-to kop|i tlie cupric 
Oxftift ia aulre When ref^uimi it is mode by mixing equal volume* of a sulre of 34"04 gttns. 
of cilprio aulpliate in BOO e.r. of wah r, with 7B B grms. of sorlium hydroxide and 17B grms. 
fjf Rochelle* B«lt p rJho miulo up to BOO e.o. The mixture is ti \Try pensitive tost for dextrosa 
— 0 00001 ffrm. of dvxtoaw pmiluees a ret! previpitHiu of cuprous oxide and 0 000(101 gmu 
a red coloration. 

A ftimplti of H. von Frhling 1 s aoln. which had wWod 10 years was reported by 
F. Cornu to bat e aponfimeoualy deposited rujirito c'rystala on the walls of the flaak; 
L tl. l'atU i rai^n says exposure for a month to sunlight brings about the same result; 
1. Bolin and G. Under, A. Brnrath and J. Oberbaeh, stJdied the prec ipitation of 
('Uprous oxide from Febling’a sob, by expcisurc to light Altered through glaas, and 
to ultra-violet light. L. RoeentbaW also studied the decomposition of Fehliug's 
soln. F, Gaud reduced Fehlitig's sola, with alcohol in a waled tube; A, Renard 
used fcewMjff glycol / C. Bottbgef, ammonium xmdopytoraeemale; H. Hlasiweta, 
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phlorogliuMi ; H. Hlasiwete and L. Barth, restart; oto. N. A* E- Millon stated 
that when Fehling s soln. is treated with chlorine or a hypochlorite, the precipitate 
first obtained is pale yellow cuprous oxide, and later orange-yellow oxide. lie 
showed that the tartaric acid is oxidiacd by the chlorine. With calcium hypo- 
chlorite, said he, a yellow double salt of cAlcium carbonate and cuprous formate is* 
produced. J. Aldridge and M. P. Appleby could find uo evidence of the formation 
of carbon dioxide, and say the yellow product is finely divided cuprous oxide. 

0 . Ullgren heated cupric sulphate with copjxw filings in a closed vessel; 
F, Forster left a neutra 1 aoln, of copper sulpliate standing in contact with metallic 
cupper in a stoppered vessel \ ami F. Forster and F, Blankcnbcrg assume that some 
copper dissolves, forming cuprous sulphate, which is then hydrolyzed to cuprous 
oxide -E. Abel 1ms also studied the reaction, ft Weinscbenk heated an ammo- 
niacal soln. of cupric sulphate for fi hrs. in a sealed tube at 150°. F. J. Malaguti 
heated a mixture of dry eupric sulphate, sodium carbonate, and copper tilings, 
and lunched the product with, water, L. Guvrard mull’d cupric phosphate with 
cupric oxide ; and l\ Rdelmrd heated the basic arsenate with ulkali-lyo. 

L h Moser found thft best way of making the yellow oxide is to reduce an alkaline 
suln. of a cupric salt with hydrosvJammu ; and he made it eWlrolyticully by 
using a soln. of alkali sulphate as electrolyte, and an anode of cupper. Accord’ 
ing to .1. hlrrcra, a soln, of i upper nil rate may he partially red need by electrolysis 
m the presence of metallic cupper or by aim ply healing the sulu. with the in etui. 

I n a (I ibV-uopper nitrate sola, at 97 C: , in the pn senue of copper, tin 1 mu\ of the 
cuprous ions is 5 x lb 4 g. per litre, while the ratio Un"/(ru H ] 5 Ift 1 ; and, by 
liydmlvsiw, cuprous oxide is formed, ft is probably by some similar reaction that 
Lhis compound is formed in carbonate and silicate eoln., for experiment lias slfown 
that it is produced on heating an iup suspension of the carbonate in u sealed 
air-fru" tula* in the presence nf copper gauze. This ia suggested as a possible 
explanation of the occurrence of cuprite with malachite and native copper in nre 
deposits. 

The pwjiHirtrtmi of cupruu a oxide front vufitoan milted Gup runs oxide can be 
obtained from cuprous salts. For example, M, Groger slowly dropped a soln, of 
itJ grms. cuprous chloride, 50 gnus. of sodium chloride, and c.c. of water, freed 
from dissolved air, mb) a soln, of 10 gnus, of potassium sodium tartrate, JO groin of 
sodium hydroxide, and 15(J tve, of water. The Mask was then filled with water and 
agitated on a shaking machine. The prod net. was allowed to settle, washed hy 
decantation with a soln. of pot omnium sodium tartrate, then with air-free cold 
water, filtered, and dried on a plate, W. Hampn, and F. Wohler and J. von Liebig 
melted a mixture of dry cuprous ehlmide and dry sodium carbonate in a covered 
crucible, and watthud out the red pulverulent cuprous oxide from the cold mass, 
nf, L, Proust had prcviouslv employed a similar process using potassium enrbunatr. 
ft J. Russell reduce^ a cone. soln. of cupric sulphate and sodium chloride with 
sulphur dioxide, and after removing the excess of gun by boiling, precipitated the 
cuprous oxide from the hot soln. by means of sodium enrhunute. A, Gunlz and 
H, Baggett were unable to remove all the cuprous chloride from the preripitsteiby 
150 washings in an atm. of hydrogen. 

The preparation ufcuprous oxide btf^ectrdysis. ft. Bird 7 made crystals of cuproua 
oxide by the slow electrolysis of a soln. of cupric sulphate, D. Tomnmsi found 
crystals of cuprite to be formed on the copper anode during the electrolysis of dil, 
sulphuric acid with high voltage currents. I\ Sehuop, and T, A. Edison found that 
reduced copper in a finely-divided state is oxidized when made t hi * anode during the 
electrolysis of dil. potassium hydroxide. R. Luther electrolyzed H, von Fehling’s 
woln., and found cuprous oxide was copiously produced on the; anode, A. fthassy 
obtained crystals of cuprous oxide during the electrolysis of a neutral soln. of cupric 
sulphate at 100°—current density 1 amp. per xq, dm., platinum iductrodes ; analo* 
gous results were obtained hy E. Wohlwill, F. Oettel, and Q. Majorana, The 
electrolysis of a soln. of sodium chloride butwiSm copper electrodes below 60° 
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furnishes yellow cuprous hydroxide; above 95°, red cuprous oxide J and at inter¬ 
mediate temp, a mixture of the two compounds. A. C. Becquerel conducted the 
electrolysis under high prew. L. Wernicke electrolysed a sain, containing 30 grins, 
of sodium hydroxide, GO gmin. of potassium sodium tartrate, 25 grms. of hydrated 
•cupric sulphate, and TO tx\ of water between a one sq, dm, platinum cathode, and 
two anodes of copper about a sq. mm. surface and % ems, apart, The current for 
electrolysis was obtained from a Bunsen 1 b cell. The surface of the platinum 
becomes yellow, brown, purple, blue, pale green, and finally red. A piece of 
freshly coppered tinfoil was charged with hydrogen by using it as cathode in the 
electrolysis of soda-lye of up. gr. LOSS, and it was then placed in an alkaline soJn. 
of cupric sulphate. The foil then acquires the gradation of colours just indicated, 
and if the treatment he repeated a thick film of cuprous oxide is formed. 

He p»p<trfiw Of cnproufl oxide. 'Native cuprite occurs in well-formed carmine 
or cuch/nruf-red histrocfr oc tahedral and cubic crystals belonging to the cubic 
system. Then? is also the hair-like cfmlcotricliite. It also occurs massive, and 
earthy (lift' ore), Arrurrfiug to W + L. Bragg, fl F. Rinne, W. P, l)avey T and A. Griibn, 
the X-radiogram of cuprite 1 m typical of a face-centred cubic lattice with the 
heavy f-opp'r uterus arranged in n fac e-centred lattice, with the shortest distance 
bet-ween tli^ atoms of l'HI A. The oxygen atoms an; so light that they make 
comparatively little difference to the intensities of the spectra, and. they lie 
on a cube-mitred lattice which intersects the face-centred lattice of the copper 
atoms. This structure has a holuhedral symmetry-the mineral is usually plagi- 
hcdrol. 'Him artificial crystals are also nmuine-red, and the colour is the brighter 
the Jiniir and purer the win pie ; these crystals arc commonly octahedral and less 
frequently dodecahedral and hexahedral. The artificial oxide or hydrated oxide 
may be yellow, brownish-ydlow, or orange-yellow, and amorphous. The etching 
flgum in sulphuric, hydrochloric, and nitric acid, and in potash-lye have been 
studied by li. Traubc, H, A. Minrs, ami F. Wallerant, The Specific gravity by 
J. F. Person varies froni 5;i75 to 5 .'140 ; F. Gaud's sample reduced from Folding's 
scliL. had a wp. gr. 5881; L, Wernicke a electrolytic ally prepared sample, 5975. 
For the natural crystals. J. B. A. Dumas and M. A. le Royer gave 5 749 ; £?. J, B. Ear- 
sten gives 5'093; W. Hcrapath, 5 992; and W, Haidiugcr, 5 975. The hardness 
of cuprite is stated to be 3'5 to 4 0, ami a littlo harder than the similarly coloured 
pruustile, Ag^Ayfls, which has a hardness of 3 5 . 

IF Fizemi’s value for the coefficient of cubical expansion of cuprite js 0 00000279 
at 40*. The linear coeff. a is rMXmum, and da/rfT^OtfKIOOOUaiG. The ex* 
pansum per drgreu decreases rapidly with a foiling temp., and attains a minimum 
at 41°, thus: 

we 4u* au ? sri* i«* w ti° 

* +Qi),Gtf7 +U‘0 t aw +Q0,13tt 0 -0-0,03 

I 

below i* a contraction occurs with a rise of temp. Like water, cuprite thus has a 
temp, of maximum density at 4 fi ; the diamond has one at — 3 & l 8 a , Cuprite melts 
at & red beat. R. Cuanrk gives 11 G 2 ° for the melting point j H. S. Roberts and 
F. H. Smyth gave 1235* at U l (S mm. mercury' : E* Heyn gives 1084°, and R. E. Blade 
and F, D, Farrow give 1210 °. The three workers taatenamed have also investigated 
the m.p. of mixtures of cuprous oxide and copper, and their results arc illustrated 
by the curves, Fig. 24. There is a eutectic at 1065° with3'3 per cent, cuprous oxide, 
At a temp, exceeding 1195° mixtures haring a composition between 20 and 95 per 
cent, cuprous oxide separate into two layers-~one a soln. of cuprous oxide in copper, 
the other a soln, of copper in cuprous oxide. The solubjlity curves for these soW 
gradually converge as the temp, rises to 1400°, showing that the increase of temp, 
increases only slightly the solubility of each component in the other. The system 
within this range of composition is analogous to that of phenol and water—charac¬ 
teristic of partially miscible liquids which approach a critical soln, temp, where 
miscibility is complete. The cuprous oxidtrteparatea from soln. in the molten metal 
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on cooling* The amount of cuprous oxide in a sample of copper can be estimated 
on a polished surface under the microscope, by measuring the relative areas of 
the portions occupied by the eutectic ana by the copper. Hence, B. Jordis and 
W* Rosenhaupt could say that oxygen 
alloys with copper as if it were a 
metal* H*S* Roberts and F. H* Smyth 
mode observations ranging from copper 
alone up to copper witii 81 per cent, 
of cuprous oxide, h maximum at 
1235* represents the m.p. of cuprous 
oxide, and there is a eutectic at l(>80 l 2 o 
with about 69 per cent, of cupric oxide. 

According to F* Beijerinck, when 
cuprite is heated it becomes dark and 
opaque, owing, it is assumed, to its 
decomposition into cupric oxide and 
copper; on cooling, the mineral again 
becomes transparent and crystalline. 

If the mineral be heated near to its 
m,p., it remains opaque on cooling. 

J, L. Proust said that at a high 
temp, cuprous oxide is converted 

into a brown mixture of cupric oxide ami metallic copper. H. W. Foote and 

K. K* Smith say that cuprous oxide is stable only between 1(125* and iWpV"—* 

below these limits it rapidly passes into cupric oxide—P> T. Walden says that even 
at 750° the change is rapid. Cuprous oxide dissociates when heated to a high temp, 
SCJueO^Cu+Ojj. W. BilU, and h, Wohler and 0, Hub. have discussed the 
dissociation of cuprous oxide. A. J. AUumnd measured the e.m.f, of the cell 
CulGuiO.NttOHIPt.Ha, and calculated the dissociation press, of the system, 
CuaOaoiw—C u b »im —Cuvnijniir, at 17* and found 3xl(l- S3 atm. He also calculated 
this press, p by means of W, Nernst's formula, log p log T*\- C, 

where C—28, and Q--81,60U, whence at 17 a , p— Sx 1ti —B& atm. W. Stahl also 
calculated that at 1662°, p=0'2l atm., and R. K r Slade and F. D. Farrow, at 
1260°, p=0'45x!0“ 3 atm. Cuprous oxide is therefore volatile at about 1300°. 
K Heyn fqpnd that the equilibrium temp, between the partial press, of oxygen 
of the air and that of the dissociating oxide is 1935° K. W. Biltz gave 1800* ae* 
the dissociation temp. E. Heyn computed the dissociation press, to be: 
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H. 8. Roberta and Ft H, Smyth found the dissociation press, between 1119° and 
1184'6° to be between 0 H 1)28 andO U41 mm. The boot o! fusion of cuprous oxide is 
given aa 12 6 Gala, per mol, or 87 cals. por gram. They also show that solid soln. 
between cupric oxide, cuprous oxide, and copper are non-existent, or negligibly 
tmiull. F. E. Neumanns value for the specific heat is O' 1073, and the mot. ht* is 
16'3; H. Kopp'a values are respectively 0’111 and 15'9. A. Magnus gave 01146 from 
17° to 100° and 0*1242 from 17* to 541* J, Thomsen gives for the hoot Of lon n ot ioo , 
(2Cu, OJ^CuaO+W'Sl Cals*; (Cu, OuO), 3*66 Cals.; and (0u*0, 0)-2Cu0+33‘8 
Cols. It Berthelot gave for (2Cu,0), 43'8 Cals*, and added that the heat of formation 
from cuprous sulphide, CagS, is 23'5 Cals.; from the selonide, Cu a $e, 35*0 Cals*; 
and from the telluride, G^Te, 36‘4 Cals* The heat of dissociation is SCu^O—4Cu 
+O a +81'flOO Cals, at 17*; and between 120G 5 and 1200° was estimated at —901160 
Cals.—by R. K. Slade and F* D* Farrow ; and at - -65*890 Cals, between 1200* and 
1324°* J. Thomsen gave 40'81 Cals, for the heat of formation (Cu £ O*nH £ 0) + 
M. Berthelot and J* Thomsen give respectively for the heats ot nentnUutfoii of the 
solid oxide with dil, hydrochloric acid; 17*2 and 14*66 Gals,, with dil, hydriodia 
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acid, 33'B and 33'72 Cak, and, according to J, Thomson, with hydrobromic acid, 

GK K t Bureetw given for the relative em&ivity of cuprous oxide at 1100“ 0‘68 
for X=OWQu, andO'fti fur X erfiffl)/*. Theindeioi refaction by L. Wernicke is 
4f'G34 for the /Mine ; S'hjH for the C-liiib; 3705 for the D* line; 2‘KIG for the E- 
line; carbon dinulplndc b l‘Cd2i>, and he found the magnetic rotatory power, t.c. 
rotation of the plane of pohiri nation in a magnetic field, to he forty-live times as large 
as that of wafer. A. de. Grommit uldubied the spectrum of copper when tha mineral 
J9 aparkrii w. IhUwachs found tha photoelectric eflfeqf for unpnm oxide in 

nearly thu tftutiv a* for copper. 

S. Moyer found the cuprous oxide fe he paramagnetic; the magnetic SUSOflfltl" 
biJlty js-j U‘7.‘Jx10" 11 mass units at 17". Cuprite has rather a low electrical con¬ 
ductivity, K. JiudchiT gives the ftpeedtr resistance of cuprite as 10 when that of 
Copper iatHJOWOiT. F. Ifeijcrinck say a that tin; electrical resistance of cuprite to 
a con tin hour current in Hu am Hii'mima’ units at 13U°, ami thin falls to -lOtHJ at 12h IJ , 
3000 at HO'\ 1800 at IW U 3 IfjfJU at Mt\ find TO at 2ijU u , whim clod roly sin oceurs. 
With an alternating current, the n'sistaiH-e fidln to 23uO units at DO fJ much mow 
rapidly, but no I'fei'MvMm oeeu™, Tin ivsbtaiin 1 of a column of cuprousoxide 1 cm. 

diani and lOcms iongal■ I'17“wusfiuiml by A. Fin. r villa to bo Id* ohms. K.Badeher 

gives 4 WO microvolts per l f for Hie thermocWtric force towards platinum between 
II*' and JlJtr, (i, (\ Schmidt found Oiut ok trode* of cuprife in sodium hydroxide 
gradually he come more positive Imt. ilit nuh alfccfed hv light. T. W. rase found that 
exposure to light made no difference to the i midactivity of chahotrlchife, hut 
increased that, of cuprite us pirdirtcd hv A. 11. PfsiTul. T. W. Ouse also made a 
pliotiseiJHitivc eufl (hi I'u.d), copper formate \-formic acid, (h^O (ht, which gave an 
e.in.f. up to 0 L li8. r f volt and a current of O l <HJ 3 amp with plates 20 X '-\ - cjlls,, wlu'n one 
eleclrodti was illuminated. K. lWcker found this thermoelectric force of cuprous 
oxide against platinum to bo 480 microvilli* per degree between LTund 100°, 

Hu proas oxide is Jiot soluble in water. It forms a colourless poln. in mpia 


An imimoiuaed Hein of cuprous oueJh prol^i My roiiUiuim^ a ftnn|di h x cuprous amnilno- 
0X146 is fern mil by stink u^l'Oiit JO ft ^1 j i f>| Jiri n i I Ilnnk <'ii]j|ht lihn^s unit ui|. iiimnmim , 
or copptT ill imp wiMi H I'omjKiLind ol nipnc o.vtdo jiurL jimfiKmiLi: or cuprous oxide or 
Ilyilratc<I cnpru<ia oxide w 1 1h nt (. an 11 iumui. Tli l' rein 1 hhh u< ■ re .-.I ia 1 1 1 \\ by T. Hergmnnn, anil 
by J. L. i'roust.* li. Wagnei' niiefe llm HLitutomuenl ^oln. hy iriol. [tartsH ^1' 

cupnc Miilpliuti' end HUElnmi 1liL(^ii1]iFm[( i , pn'cipHaleiu Avjlb mi: I nun h\dr<iMde; amt {1 i3hd1v- 
ing the washed pnvipilJtte iti mfiiFi eimmune H. Viniitndei' cm] b\ Mevcr i , i L r]ufc , d t)ie 
cuprin naJt with hy dre^vkuNiin’ or feriim'i rmlphutc mid ill solver l ilie picxlm t m iwpia 
aimTioma; mid Jl. I''ic«idkcr usi‘d soJn. nf ferrous sntl Tin 1 fobmrleis tn[ijnl gradually 
turns blue fiom the Hurhici't ihuvnw mils, mi L X|n.isuit' lu tor. The ihMilaliou Ilam Ihsu studied 
by V. Schiiljienis’i^er mid l\ Kisler, mid 1^ d. Jh'ycr. ’Vlie wohi ot rupremsf mini mm-oxide 
Jk a pimeilnl rt'iliuiiijj; r |'he r,m>ie ]iieiLncl ims nlvi liE'i'n idiLaincd by I be d col July tics 

iTLltiotjon of rtchiveil/.i'r n liquid (I I Uni] under Htmlicd Hie I'loch'ieiU [ins portion of tlm 
(Kilo.; anil S. I\i h m psripoit'Lt in Inko advmild^e lor gas Jinafysis of Lho pnifierty tliw hoIii 
pofiscsaoji uf nhnorbiiig e.xyyen. 

• 

Although precipitated by alkali lyc, Ihts oxide is taduhle in exi^fta. Cuprous 
oxide is tfolubic JU molten COPp^Ii hut. insoluble in the cold metal— r ulr Fig. 24. 
0, 11 Mttttuswsou and V. H. Stokesburg found thar citproua oxide dissolves in 
molten SllTO and that the sjstom Ag-CiiijO elnselv resemblce that of Cu-Cu^O. 
Thoro ia a cufectio at 1’3 ]icr ei. i nt, Cu^O and 94fr. *TJie elojie of the f.p, curve ia 
1'fi times as great as that calculated for the present c of Cu.^0 alone, thus showing 
that a balanced reaction, Cu a 0-f3Agr= i 2Cu-|-Ag20 1 b involved; but in the solid 
state the copper is all present as cuprous oxide. M, Grdger found it is dissolved by 
a sola, ol potassium sodium tartrafe in tho presence of air. J. L. Proust found that 
nitric add Attacks cuprous oxido with tho development of much heat, and evolution 
of nitrous fumes. P. Eckiitrenbergcr showed that when ftjiclv powdered cuprous 
oxide b treated with cold 10 per ctfnt. mtrictfeid it behaves like a tnixture of copper 
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and cupric oxide; cupric nitrate is formed in aoln, without any evolution of gai, 
and finely-divided copper remains in a condition not attacked by dil nitric acwf 
nt ordinary temp. J. L Proust found that sulphuric add or phosphoric add, or 
cold very dib nitric acid decomposes cuprous oxide into metallic copper, which 
separatee as a red powder, and cupric oxide which dissolves. The reaction has aW 
been stud ied by R. Ebrcnfeld, W. Jager noticed hydrofluoric add behaved si m ilarly, 
and J, L, Gay Luseac and E, PeJotize found many organic adds— e,g, lactic acid— 
behaved like sulphuric acid. A solo. of sulphurous add dissolves cuprous oxide 
forming the cuprous salt, J, L. Proust says that hydrochloric add forms cuprous 
chloride; and N, Sehoorl 10 found that hydriodic add forms cuprous iodido, and if 
sulphuric acid and air be present nonm iodine is separated. 

Cuprous oxide is reduced to the metal when heated in a stream of hydrogen. 
The reaction has been studied by A, Osann, and by S. Hauler; the latter found 
the reduction temp, ranges from 232° to248 y . H. Debray and A, Joannis found that 
hot but not molten cuprous chloride absorbs oxygen from the air more easily than 
copper; T. Andrews gives 3fi*i>08 Cals, for the heat of combustion to cupric oxide. 
K NihouT, L. Gran hut, and A. Pmgcr have experimented on the oxidation of cuprous 
oxide by heat with or without a preliminary moistening with nitric acid. H, Rows 
found that when heated with sulphur, in hydrogen, cuprous sulphide is formed; 
and A. Orlovsky found that, unlike cupric and ninny other metal oxides, cuprous 
oxide is blackened by boiling the acid soln, with milk of sulphur, or if it be allowed to 
si and in the cold in contact with a piece of roll sulphur. J. ]J. Sendereiw found that 
when sulphur und cuprous oxide are boiled with water, cupric sulphate is first formed 
and then cupric sulphide—the reaction at 100 * is completed in a tew hours, at Ml* 
i n fi*> me days r . 1 . T! u >msen gi ves 38'53 (-al s. for tli i i h * at of ti ic reaction Ou^H 113 K 1111 , 
A Vogrl, and L. V t dc St. (idles have also studied the reaction of sulphur dioxide mi 
hydrated cuj irons oxide. For the action of alkali poly sulphides see these salts. 
A Landaner found that cuprous oxide is blackened when boiled with a solo, of 
sodium thiosulphate, and K Kmld and C. and J. Hhaduri found that cold sodium 
thiosulphate forum a colourless soln. with hydrated cuprous oxide, and cuprous 
sulphide is later precipitated, 

Acconbng to A, J. Halit rd, bromine water oxidizes cuprous oxide to cupric oxide 
and bromide ; and it is also oxidised by chlorine and by bromine. G. Gore said that 
cuprous oxide is attacked by liquid ammonia. A. (junta and H. iSassetfc say two 
Imurs treatment of precipitated and washed cuprous oxido with ammonia converts 
it into copper nitride, S, Hauser found that above 280° cuprous oxide is 

reduced by the gas. P. Sabatier and J, li, Honderfiift found that nitrogen peroxide 
at 300° rapidly converts cuprous into cupric oxide ; nitrous Oxide acts nt 350 & , and 
nitric oxide does not oxidize at a red heat. With phosphorus, copper phosphide is 
formed. Cuprous oxide is reduced by carbon. C. R. Wright and A. R Luff found 
no action occurred with hydrogen at LXT, but the reduction was marked at ltitr 1 . 
K r Glaser pvas 155 3 'for the temp, at which reduction liegms. W. Mane hot and 
J. A. N, Friend say the hydrated oxide does not absorb carbon monoxide. Accord¬ 
ing to H. Erdmann and P. Kothner, F. A, Gooch and F, Baldwin with acetylene at 
225^ or 25(1°, a polymerized product is formed. B, Hauser found that cuprous oxide 
l* reduced by carbon monoxide at temp, exceeding 1 %*; white 0. F, EJchlagden- 
haufien and M. Page! say the reaction commences almve 100°, and is complete at 
■!UU°. R. Brauns says reel copper oxide can be reduced by carbon dioxide to copper, 
hut R N. Raikow found freshly precipitated cuprous hydroxide is not reduced. The 
■>xide is reduced by the vapour of alcohol. G, ltauter found the silicon tetrachloride 
forms silica and cuprous chloride when heated 14 hrs. at 27O & -280 Q with cuprous 
chloride. When melted with silica and ferrous sulphide, FeS, it forms cuprous 
sulphide, Cu a 8 , and ferrous silicate, Fe a SiO*. 

Molten alkali metals reduce cuprous oxide with incandescence. Magnesium and 
aluminium were found te act similarly when strongly boated with cuprous oxide in a 
closed glass tube. H. Mathewaon and C. H. Stekesburg found that cuprous oxide 
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tsadily dtMolve* in moit«n silver. There is a eutectic at 914°, with 13 per cent, of 

(be olid#; and with 12 per cent, of the oxide, the f.p, rifles to 1005 . Solid k?1d* ore 
1 sot iSftwued* The oh$erved louring of the £p> is greater than the value calculated 
from the latent heat, possibly owing to the reaction: CugG+SAg^Cu+^AgiO. 
Ajqal] amounts of the oxide are not decomposed by melting the eob. in hydrogen- 
J, A. Hbdvall and N. von Zweigbeigh noted that cuprous oxide reacts violently 
with barium dioxide* forming cupric oxide, which then decomposes the dioxide 
eatelytically. M. Grdgcr found that soln. of the chlorides of the AUtttitt And 
alkaline earths—in an ntm. of curium dioxide but not in hydrogen—form double 
suits; and, according to H. Oat, the reaction proceeds Viore quickly at 100°. 
M. Groger says that when a sat* noln. of eodium chloride U digested with cuprous 
oxide in an atm. of hydrogen, only a small trace of cuprous chloride is formed. The 
sulphates do not act in this way, W. Rersch states that cuprous oxide is soluble in 
a soln. of potassium Iodide giving a noln, with un alkaline reaction. When digested 
with a soln. of cuprous chloride, free from hydrochloric acid, M. Gregor found that 
a basir chloride is precipitated. E. Wohhyil! uap a boiling sola, of oapptt Sulphate 
neutral Ired with ammonium carbonate does not affect cuprous oxide; metallic 
copper under similar conditions lx disaolvnl, ho that this soln. can be used for 
separating copper from cuprous oxide, A hoIn. of silver nitrate was stated by 
C. J + B. Karntau to havu no action oji cuproun oxide; but C, F. fUmmdsbeig, 
H. Bose, W, 11 urn pc, J, Dewey, and 1\ Sabatier find that a mixture of silver and a 
boaic cupric nitrate is precipitated ; the reaction with a raid dil. soln. begins slowly 
and progresses with a rapidly increasing velocity ; the reaction begins immediately 
in cone, aoln., or at 10^ in dil. soln., and proceeds the more rapidly the more finely 
divided the cuprous oxide. It, If, Bradford found that with silver nitrato at G70 5 
tho metal is formed. According to It. Gcdmilf:, an ai muon local soln. of ffilvfff 
Chloride forms eupric oxide and chloride. J. If, Gladstone Bud A. Tribe have 
studied the action nf silver nitrate cm hydrated cuprous oxide. T. S, Hunt found 
soln. of magnesium or nine chloride form magnesium nr zinc hydroxide and 
magmiainm or nine ruproua chloride, and that ferric Chloride partially reduces 
cuprous nxido to copper: 4Cu^O \ StH\ -f[Tu(1 f 2Cu | Fc^O^ W. Stahl and 
H, Kneh found with ftorric oxide at TJiUMJOO", a mixture of ferrosoferric oxide 
and cupric oxide ia formed. Arconding to f*, T, Walden, tho product of the 
reaction dors not. include magnetic oxide ol iron, but rather Cu(FcO a )o, cupric 
forrito, which at 7511° decoinjio^s into cupric oxide, etc. D. Miklosich, 
B. K, H. 0, Jones and F t W« Carpenter, F. Thomas, and M. do K, Thompson 
have studied the quantitative oxidation of cuprous to cupric oxidu by soln, of ferric 
salts. (1- F, Schonhoiu found that some putataiuni ferroryanido is produced when 
potaufrmL EerriCf antic IB treated with finely divided cuprous oxide. The oxidizing 
action of potassium permanganate lias been studied by R. M. Caven and A, Hill, 
IX Vorliinder and ¥. Moyer liavo studied the reduction of aromatic difliiflnliini 
Hats in uminomar&l ur hydnoxylamine soln. Platinum was found by E* Ehrmann, 
and B, B. KoSfl to be quantitatively precipitated from soln, of alkali CMoiOptatmatSS. 

fix the reaction hotwwn cupric and Hipmuu oxid« in the decomposition of cupric oxide, 
hy hoati 40u0^2Cu,04 O,, the aob'd product obtained by heating cuprous oxjdo to 
different temp, will contain a mix I lire or a solid poIa, of nCuO with faCujO, and if tho 
hooting be conducted under definite conditions, a product with a constant composition wilt 
be obtained - but not neoiwsarily a chemical individual—a Ittproafe axifa This remark 
apptk* to F. A. Favrvaud L. Maumeni> Cu t Ot» t,s. 2Cu t O.CiiO, obtained by heating cupric 
oxulo to Ihc m,pL of copper, 11 A. Joannis could find do sign of this compound, or of 
CufOj, on the dbeociation pros*. curve of cupric oxide. L, Wohtar and A. Fose showed that 
the onpno oxide forms a solid eoln. with the cuprous oxide formed by its dimooUtion: 
4 CuOp=2Cu, 0 ^0 1 ; the cone, of the eobi. taoreawa slowly avthe dimociation prognose*, 
end this lowers tho diwucial ion pews. 

Bbnilar remarks might be njtpltad to the products precipitated, from soln- containing 
partially oxidised cuprous salts, or partially reduced cuprous uJta For instance, E. Franc ho 
obtained a product which be regarded as CuOH,3Cu(uH^.fiH t 04y adding hydroxyUmin* 
to eupric hydroxidewith a still gfsa|er quantity of reducing agent, cuprous hydroxide 
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obtained. Similarly, the salt 2Na l 8 t O»Cu a S t O t .ai8 t <MNH i obUrned t*y adding am¬ 
monia to a mixed sola. of sodium thiwubhste and a cupric salt, can bo regarded « befi^g 
derived from a partially reduced cupric salt; and when a aofrt is precipitated with caustic- 
(ye furnishes a mixture of oxides, which M* Siewert regarded as CU|0» is. !^Cii B O.CuO,nK a O. 
ML Kiowcrt also obtained a pale blue precipitate of what he regarded as Cti AfcOiiO.MfjO, 
by allowing an ammoniac*! sain, of sodium euproui chloride to stand for 12 hr* 

Cuprous oxide in the form of ground scales is used in preparing some ceramic 
colours; in making some galvanic baths; and in making some anti-rust paints. 
A, Lionet * 2 recommended it for purifying hydrogen. He says metallic copper 
removes all the impurities except hydrogen phosphide and silicide, and the hydro* 
carbons; while cuprous oxide removes all but hydrogen silicido and the hydro* 
carbons; and that cupric oxide removes all the hydrocarbons. 

Hydrated cuprous oxide, cuprous hydroxide. -The so-called hydrocupriie^ 
hydrated Cu a O(H s O) HJ and it is amorphous or colloidal. According to W. T. Schallur 
the supposed wiflodtum ochre from Lake Superior is really hydrocuprite. 
A. Brocket ia obtained hydrated cuprous oxide by the action of a normal soln. of 
cMoric acid on copper. Many of the methods of preparation indicated above f iirnish 
hydrated amorphous orange-yellow cuprous oxide. For example, working with 
dil. win. K. Bottgor reduced freshly-precipitated cuprir hydroxide with milk sugar ; 
T, Randmcycr reduced a soln. of cupric sulphate with grape sugar in alkaline soln ; 

E. Muller reduced cupric hydroxide suspended in alkali-lye with copjwr; 

F. D. Clmttaway reduced an auunouiacal soln. of cupric hydroxide with plienyl- 
hydrazinc —ferrous sulphate can be here used as reducing agent. A..Vogel reduced 
a soln. of cupric acetate with sulphurous add, A neutral soln. of cupric sulphate 
can be reduced by ferrous sulphate and potassium fluoride. J. L. Pftmst treated a 
hydrochloric acid soln. of cuprous chloride with alkali-lye K EWiny used alktili 
carbonate; and T. S. Hunt used boiling milk of lime. The reduction is best con¬ 
ducted in an atm, of hydrogen to prevent oxidation. N. A. E. Millon and 
A. Gommaille found thftt yellow-hydrated cu|irous oxide never contains less than 
4 per cent, of cupric oxide. F, Fincher, K. Muller, R. Lorenz, and J. H. Gladstone 
and A. Tribe, also prepared hydrated cuprous oxide by electrolytic processes— 

R. Lorenz electrolyzed a soln. of potassium chloride constantly stirred with a 
rotating copper anode.. 

C. Paul and co-workers prepared colloidal CUtyCOttS oxide ns an intermediate 
product in, the preparation of colloidal soln. of copper by the reducing action of 
alkali lysalbinate; and by heating finely-powdered and dry colloidal cupric oxide 
to l!50 a -l7O Q in a stream of hydrogen. C. A. L, do Bruyn prepared the hydrosol 
with gelatine as a protective colloid. M, Grogrr also prepared colloidal cuprous 
oxide by reducing a soln. of sodium cuprous chloride with potassium sodium tartrate 
in the cold. P, Pascal made colloidal cuprous oxide by gradually adding a soln. of 
cupric sulphate to a soln, of alkali ferropyroplmphate, The precipitate first 
formed redusolves, forming a colloidal soln. A. Gutbier prepared a colloidal soln. 
by reducing ammoniacal cupric sulphate soln* with hydrazine ; and A. Lottermoser, 
by reducing with stannous chloride. f , 

According to H. G. F\ flehroder, the sp. gr. of the hydrate prepared by reducing 
cupric oxide with lactic acid Is 3*368. K, Mitscherlich found that when heated to 
IQO 9 , J* L. Proust's product holds most of its water, but it retains only 3 per cent, 
at 3fi0°, and becomes orange-yellow; at red-heat, the red oxide is formed. When 
hydrated cuprous hydroxide i& exposed to air it gradually forms cupric hydroxide, J 

Cuprous oxide or hydroxide may be regarded as the basic oxide of QUpfOttl salts 
where copper is univalent, Cti'. Cuprous oxide is decomposed by many acids— 
sulphuric, phosphoric, dil. nitric, acetic, oxalic, and many other organic acids— 
furnishing metallic copper, and a soln, of cupric oxide, and since the same oxide is 
oxidized by many other acids, comparatively few cuprous salts have been prepared* 

E. Fremy 14 said that hydrated cuprous oxide prepared by J. L. Proust's process, 
dissolves in even the weakest of acids* forming cuprous salts, and that if the cuprous 
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onde is dehydrated, it loses its basic property and is decomposed by the same acids. 
Copious salts have been obtained by reducing cupric salts with copper and other 
reducing agents—eg, P. ItohJand nacd a methyl alcohol solo* of ferrous sulphate; 
If, Elder used hydroxytomma or hydrazine salts, etc. 

# The cuprous aa/ta are generally colourless, but some are yellow, others rod. 
They ere usually insoluble in water, hut soluble in Ammonia, pyridine, and hydro™ 
chiorto acid. Ihcy are readily oxidized to cupric salts by exposure to air while 
moist, and by treatment with oxidizing agents. R M. Caven and A. Hill studied 
the oxidation of cuprous salts with nitric or hypoolilorotw acid, and with potassium 
permanganate. P. Sabatier [imposed to detect nitrites from the violet coloration 
produced when a little cuprous oxide, ora small quantity of acuproussalt,isaddcd to 
a soln. containing a little nitrite dissolved in sulphuric acid. The colour disappears 
slowly on standing, rapidly on heating, or on dilution with water. Cuprous oxide is 
reduced to the metal bv many reducing agents —^vide cupric oxide. Soln. of 
potassium or sodium hydroxides, carbonates or bicarbouates precipitate yellow 
cuprous hydroxide insoluble in excess. Aipia ammonia or ammonium carbonate 
gives colour ]pas smln. if air br excluded - if otherwise the soln. is blue—alkalies pre¬ 
cipitate cuprous hydroxide (ruin these soln., but barium carbonate was found by 
H + Rose to give no precipitate Solo. of Kodium phosphate give a yellow precipitate. 
A. Orlownkv foumi milk of sulphur precipitates the copper aa cuprous sulphide, 
ammonium hydrosulphide acts similarly on neutral aolu.; the precipitate is in¬ 
soluble in iwm Pota^ium cyanide precipitates cuprous cyanide which is soluble 
in excess, forming a solm from which hydrogen sulphide, ammonium sulphide, or 
the alkali hydroxides give no precipitation. Potassium ferrocyanide gives a rosc- 
ndotired precipitate ; and potassium ferricyanidn a reddish-brown precipitate. 
According to F* 1W ui:ie in, ferric sulphide oxidizes acid soln. of the cuprous salts, 
but, according to II. K. Kills and W. IT. PoLlicr, only by a prolonged boding. Am- 
11 ionium oxalate gives a bluish-white precipitate, A, Fonseca found with silver 
wulphide and cuprous chloride; Ag.jtf ]-2CuCl -(-nCbd CuS-f-HAg, Acetylene pre¬ 
cipitates uci'tyiidi-s from ammoniucal soln. of cuprous chloride; mid atumoniucul 
or acid solo, of copious chloride are good solvents for carbon monoxide. 
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3 10. Cupric Oxide 

Black oxide of copier, cupric oxide, CuO, must have been known for a very long 
time, since it is formed when copper is lientail in air. Black copper, ettivre oxide nvir, 
or Kupfersckwarze is mentioned by the mineralogists near the end of the eighteenth 
century—C. A. S. Hoffmann, 1 L. A. Kmmcrliug, J. F. L, Huusmaim, eta and the 
beginning of the ninetaenSi century as occurring in nature, and it wap classed with 
the red oxide of copper and iron oxide among the mineral oxides. J. 11. Wallcrius 
called it ockrti cupri nif/ru; and J, 0, DclanuHherie, oxitie mir dtt cmvrc< 
F. S. Beudant called it wtetaconiflc — from ptAac, black; and xuwf, duab-aud this 
term was altered by J. D. Dana to mefoamite ; K. F. Glocker called it chalkomdan 
—^uA*w, copper; ^eAw* blark—and, as others bad done previously, be empha¬ 
sized the fact that it usually contained both manganese and iron oxides as 
impurities, G. Seinmola named the black oxide found among the VYauviau 
minerals, tenorite, in honour of the Italian botanist. Crystalline tamnite is rare— 
samples have been reported from Cornwall, Vesuvius, Keweenaw Point (Michigan). 
Amorphous of colloidal meJaeonite, OuO(H a O) B , is fairly common in the oxidu&ed 
zone of a copper mine. It is considered to be cither an adsorption compound 
or a solid soln. of cupric oxide and water, with silica, and often manganese dioxide 
aa impurities. The so-called melanochalcita of G. A, Koenig 2 is a cupric silica- 
carbonate, and is considered by E. H. Kraus and W. F + Hunt to be a mechanical 
mixture of nielaconifcc, tanorite, and chrysocolla. 

The preparation of cupric oxide from metallic copper. - Cupric oxide can he pre¬ 
pared by heating finely-divided copper or cuprous oxide in air or oxygen. If the 
latter bo not finely divided It. Hefolmann^ found the reaction is not completed ; and 
analogons remarks apply to copper, for E. C. C. Stanford found but a 40 per cent, 
conversion alter 12 hrs. heating in a muffle ; while 1\ Schiitzeuberger found that 
the so-called allotropic copper powder oxidizes very rapidly in air to cupric oxide. 
According to W. Muller, pure oxygen acts more slowly than air, because it forms a 
protective film of a non-volatile oxide on the surface of the metal; while E, Jordis 
and W. Rosenhaupt found that the oxidation of copper by oxygen commences at 
about 80°—with tin at 100 Q , and with zinc at 160 fl . The fact that above 145° air 
attacks copper more energetically than does oxygen, and the more energetic action 
of moist than of dry oxygen isfascribed to the participation of oxidation products 
of nitrogen and water in the reaction. Progressive oxidation depends on tko 
behaviour of the surface layer. An oxidisable surface may be the result of (a) the 
floln. of the oxygen in the metal os such or as an alloy of copper and oxygen; (fr) the 
diffusion of the oxygen through the layer of oxide which may dissolve the oxygen 
or be merely porous to it \ (e) the alternate formation of lower and higher oxides; 
or (d) the layer of oxide scaling off from the metal. The dissociation press, of cupric 
oxide and the formation of cuprous and. tftprotocupric oxides have been discussed in 
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connection with the preparation of cuprous oxide. According to J. C. Richardson, 
copper filing?, dipping in alkali-lye, arc oxidized to cupric oxide by exposure to air* 
Y. Kohlsch utter and T. Goldschmidt found black microscopic plates were deported 
on tho edges of a copper cathode in oxygen* 

' A. C. Beequcrel converted ordinary cnpric oxide into crystals by heating it to 
DOO & -COO° with four to six times its weight of potassium hydroxide ; washing the 
cold mass with water; and separating the floccuhint from the crystalline cupric 
oxide by levigation with water. 

Thz jf/r/if trtiltm <\f cupric ojettk from cupric salt *.—Cujjric oxide is formed by 
heating the hydroxide to RJU 1 ', or by boiling it in water* Cupric oxide is formed by 
the calcination of cupric nitrate, ChijNO^j. By soaking asbestos in a soln. of 
cupric nitrate, and afterwards igniting the muss ; nr by soaking asbestos in a soln* 
of copper sulphate and afterwards treating the mass with dil. potash-lye, washing, 
and igniting, U. Kreusler 4 obtained capper vxidc-asU'xtos, used as a catalytic agent 
iu gas analysis. 0, L. Erdmann and It. 1\ Marohand, and W. JIampe have dis¬ 
cussed tho preparation of a lug My-purified cupric mtrato for this purpose. 
T. W. Richards aim dmissed the preparation of cupric oxide of a higli degree of 
purity, and studied the contend nut-inn of the product with occluded gases. 

0. L. Erdmann and U r K. Mart'hand noticed that cupric oxide readily condenses 
air on its surface, and, according to 1\ Holland, tho absorbed air is given off when the 
oxide is heated to redness, G. S. Johnson found cupric oxide absorbs carbon 
dioxide, and gives it up again on molting; K* Franklund and H. E, Armstrong that 
cupric oxide absorbs both nitrogen and carbon dioxide; T. Hilditeh that red-hot 
cupiie oxide occludes oxygon, but, according to P. Schuteenbcrger, no peroxide is 
formed; -I. L W. Thudiehum and C. T, Kingzctt that in order to obtain cupric 
oxide wholly free from carbon dioxide, the oxide must be ignited in vacuo. 
A. Joanuis noted that water is retained very tenaciously by cupric oxide, even at 
110 U iu vacuo, and it required 8 lira, at 440° in vacuo to remove all the water from 
5 grms. nf tile oxide; li, W. Murley that when cupric oxide is heated in vacuo it 
slowly gives off a gas; and T. W> Richards that cupric oxide prepared from the 
nitrate contained 1HJIJ4 per cent* of occluded gas—mainly nitrogen ; and lie also 
showed that cupric oxide can absorb four or live times its own volume of nitrogen* 
Hence, tho use of cupric oxide prepared from the nitrate is not recommended for the 
determination of nitrogen in organic products. Tliu wire form of cupric oxide pre¬ 
pared by oxidizing the metal is not open to this objection. T* \Y, Richards also 
showed that there is no appreciable amount of oxidized nitrogen or of water in 
copper oxide that has been calcined at a red heat. According to A, Lionet, cold 
cupric oxide absorbed the hydrogen compounds of arsenic, sulphur, phosphorus, 
silicon, antimony, selenium, and chlorine, but not hydrogen or the hydrocarbons. 

II. D. A. Fit inua described the preparation of cupric oxide by calcining the basic 
copper nitrate made by exposing a mixture of copper filings urith twice its weight of 
copper nitrate to the air until all is converted into a basic nitrate. YL Rousseau 
and 0. Tite also prepared the oxide by heating basic copper nitrate with water 
for 20 hrs, in a sealed tube. A. Vogel and C* Reischauer divided a neutral soln. of 
cupric nitrate into two parts, treated one half with ammonia until the precipitate 
just rcdisBolvcd, mixed the two parte together and boded the soln. The pre* 
cipitated black oxide was well washed with water, E. Erlenmcyer removed chlorine 
from cupric oxide by heating tho oxide in a stream of water vapour* T. Klobb 
obtained crystalline cupric oxide by calcining cupriC sulphate or basic sulphate red 
hot; H, Schulze heated cuprous chloride in oxygen and obtained crystals of cupric 
oxide. J. A, Morrell heated cupric sulphide with ammonium nitrate; E, 0* 0* Stan¬ 
ford calcined a mixture of equimolecular parts of cupric sulphate and sodium 
carbonate; T. W. Richards obtained cupric oxide free from occluded gas by 
calcining cupric carbonate; K. Seubert anti G. Hauler calcined cupric ammino- 
oxalate; and A* Ldeben and A. Rossi heated a dil, so hi, of cupric valerianate* 
F* Zambonini obtained artificial tenorite by beating cupric chloride in water vapour* 
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11. Prud’homme found that cupric oxide is deposited when an alkaline soln, of cupric 
chromate has stood some time. The dark rod crystals of cupric oxide prepared by 
J, W. Mallet by leaving a copper plate to stand in a soln. of the nitrate were probably 
basic cupric nitrate. 

The preparation of cupric oxide by detitoliftin.— The black precipitate obtained 
on the copper anode during the electrolysis of dil. sulphuric acid, or of acidified cupric 
aulphate, is not cupric oxide as supposed by H. BufT c and G. Plante, but, according to 
H. Mvidinger, it is derived from the impurities in the metal, and, according to 

E. Wnhlwill, it contains some {I is integrated copper. K. Muller prepared cupric 
oxide by the electrolysis of ft A T -sod mm hydroxide for a long time with a copper 
cathode either at 12 9 with stirring, or at (30° without stirring. E, Muller and 

F. Spitrer also electrolyzed a noln. of cupric hydroxide in 12-lGY-NaOH with 
not too high a current density. W, 1>. Bancroft and Ch H, Burrows electrolyzed A 
5 per cent, soln, of potassium chlorate between copper electrodes at lift”—the anode 
was small. Possibly cupric chlorate is first formed which is converted by alkali 
hydroxide and the topper anode into oxide. A part of the oxide in reduced by the 
hydrogen of the cathode. The subject haw been investigated by M, Wildermami, 
0. Luckow, W, Borrhers. A, Brorhet, K. Kroupa, etc. 

Thfl properties Of Cupric oxidfc—Cnprii: oxide usually appears ns n brownish- 
black powder which is jet block when hot, or rise in brownish-black brittle srales or 
granules. The measurements of N. 8. Mashelyue n shew that the crystals of Cornish 
melaconitc are pseudomonoclinic find biAong to the tridinii; system; they have 
the axial ratios n ; b : c--l 4!Hll!; l: I#Ij 04 with o dKl' 1 ; !)!!• #2'; y Hl°, 

K Kalkowskv showed that these measurements agree with G. Jenzschs for Vesuvian 
fenorite. The X-rEdtGgT&ttl has been studied by -1. A. J Ini vail; and he concluded 
tiiat all the different forms of the oxide—artifieial and natural—have the same 
X-radiograni. The native oxide usually occurs in black or greyish-black earth. 
G r A. Kbuig reported a tetragonal modification of cupric oxide at Bislw’c (Arizona), 
nod it was called paratnehconite —tlie analysis agreed with CuO, fli'fili per cent.; 
f’lijjO, 11'TO, per rent. The reported 7 values lor the specific gravity 

of cupric oxide range from fi'lftG of l\ F. G. Jkmllny and J. F. Fcreoz to fi'451 oE 

G. Jcnz&rli. W, Hcrapath gives fMfll at Ift'ft 0 , and an analogous number was also 
o|jinii]('d by J. F. Pcrsuz. b. Flavfair and -J l J .Tunic obtained ft UO for the dried 
oxide, and f>’414 fur the ignited oxide, 0. F. HoTiimclsherg's value for mclacooito is 
ft bftll, and J. I), Whitney's, tYl'i. G. A. Kbnig gives ftdftl for parnimAaconite, 
The hardness of mclaconitr is between# and 4 ; G. A, Konig gives for paranicl aconite 
a hardness of ft. According to F. Streintz, powdered cupric oxide is not united to a 
rod by a press, of I3,onri atm. 

L. Wohler ami A. Foss s found the melting point to be infi'T. F. II. 8myth and 

H. R. Roberts found that cupric oxide alone does not melt without dissociation 

below 1233", and that the eutectic temp, with cuprous oxide is lOHlT-liJtiG'2* and 
#N> mm,; they also found that from Wj(J° up to the temp, at which no liquid phaso 
appears- tho eutectic tomp, 10N2°- the dissociation press., p, of cupric oxide, 
expressed in mm. of mercury, is logm p - 132107' 1 j I2'3ft. The dissociation 

press* of cupric oxide have been also measured by L W T bhJerand A. Foss, H. W r Foote 
and E. K. Smith, and J, Hagcnackrr—■eupruiih oxide. When melton cupric 
oxide has cooled, it has a crystalline fracture. According to A. Gouy, a flame which 
reduces cupric oxide can retain that compound in the Btato of vapour. The flam® oE 
coal gas is coloured green whcji it has passed over cupric oxide at a dull red heat. 
The oxide also volatilizes in pottery ovens over KXJfJ 0 ; L. Eisner also noticed that 
the oxide volatilizes in porcelain ovens, say, at 1400°. The oxide is partially decom¬ 
posed when the yap. press* of the oxide attains one-fifth of that of the atm,; this 
occurs at a red heat; the reaction is 4CuO—liCu^O-hO^ and the porous mass ro- 
oxidires when cooled in air, H, Moissan found that the decomposition: 2CuO 
-2Cu-(-0o p occurs at 2500° in the electric arc. The equilibrium conditions in the 

dissociation; iCuO^CugO-l-Os have ^cen discussed in connection with cuprous 
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oxide; similar remarks apply to W* Stahl 1 n calculations of the dissociation pmmmi 
for both reactions between 500° and 2BOO° + H, le Cbatelier Bays the quotient of the 
latent heat of dissociation by the absolute dissociation temp, is not constant. 

L. Wohler and A. Foss believed that cupric oxide forms solid soln. with the cuprous 
oxide produced in its dissociation, but F. H. Smyth and H. S. Roberta showed that 
this is probably not the case, L, Wohler and 0 + Bah have discussed the dis¬ 
sociation of cupric oxide, F. E, Neumann gave 0137 for the specific heat of the 
oxide ; H. V. Regnault, 0 1420; and H, Kopp, <H28; the resjwctive atomic heats 
are then If>'9, 1F3, and 10 2. A, Magnus found 0*1342 for the sp, ht, from 17° to 
100°, and O']537 between 17 u and 537°. J. Thomsen's value 0 for the heat Of 
formation irt (On, O) 37'10 Cals.; M H Bertheiot's, 42'0 Cals,; and P. A. Favra and 
J. T. SilWmann\ 43 77 (.'ah,; A, Joannis gives 3212 Cals. for the heat of formation 
from the sulphate ; 323G Cab. from the nitrate; and M. Berthelot gives from the 
sulphide, 30'1 Cals. ; and from the solenido, 22 4 Cab. P. L. Dulong gives for 
(Cu s O, 0), 3!> Oak; J. Thomsen, 33'IH Cals.; and T, Andrews, 3G 2 Cab. 
F, H t Smyth and M. S, Roberts calculate 00,558 cals, for the change 4Cu0->2Cu ? 0 
-j-Ojjj and for the decrease in free energy 2 r ,raZiring]o(p/7G0),Qr —41071 £1 ’f-43’Gti4 J 1 . 

M. Berthelot and J. Thomson respectively give for the heat of neutralization of 
JCu with sulphuric m id (one eq, in 4 litre), 9 2 and 9 4 Cab.; hydrochloric acid, 
7 I> and 71135 Cab.; nitric add, 7 5 and 7 625 Cab. ; and acetic acid, flu and li l 59 
Cals. W. Ostwald has disnissod the affinity of cupric oxide towards nitric and 
hydrochloric ariib. J, Thomsen also found with chloric acid, (CuO, 2HC10^aq.) 
15'91 Cals.; liydrohrmnic add, (CuO, SHBraq.) 1527 Oak; and ethyl hydro- 
sulphuric arid, (CuO, a^yi^EESOiaq.) JbffJ Cab, P. Rabat.br gave (CuO, 2HClaq.) 
164* Oak ; (CuO, 2HRm<p) Pi ! Oak ; (CuO, 2HNO a s+) 15'2 Cab.; and (CuO, 
HgSOjaq,) 1G'2 Cab. 

W. W. Jnques. 10 J. Stefan, and A. Schlcierm acker have studied the radiation 
of beat hv cupric oxide. With respect to the work of the former. II, Kayser says 
ea irf Tiichl ein einzitfrs tier rjefundenen Re sulfate, richfitj, F, Puschen gives for the 
total radiation of cupric oxide at different temp,: 

lisa' w t7:i 3 a;a* < 170 * 77 : 1 * nra* 1173 " jara ■ k 

0'37H ]'Xt 3-U12 H<71 131 341 975 22'S 407 

not far from the corrcsjloading values for carbon. 0. Vogel found that the Spectrum 
in the oxycoal-gits damn gives the characteristic green lines of copper. W, N. Hartley 
found that in the oxyhydrogen blowpipe flame, cupric oxide gives a fine band 
spectrum with two lines of the metal. L, dc Bobbaudran studied the fluorescence 
of cupriferous lime, and V. Klatt and P. Lenard, cupriferous sulphides of the alkaline 
cortW E, L. Niruls and I). T. Wilber observed no signs of flame phosphorescence 
with cupric oxide A. Kundt found the mean index of retraction for forms of cupric 
oxide for the red ray In be 2 53, for the white, 2+4, and for the bine, 318. The 
photoelectric effect was found by W. II ill I wadis to be nearly (lie same as for copper 

According to H. Mover, 11 cupric oxide is paramagnetic ; the magnetic suscepti¬ 
bility is about +31 xlo^ 1 mass units at 17 s ; and, according to G. Cheneveau, 
+S^xlO _ V V, IV Thwing gives lS lu for the dielectric constant. F, S r Smith 
said that additions of small proportions of ouprir oxide to ferric oxide make the 
latter magnetic E, Thomson noted the orientation of finely divided particles of 
cupric oxide in an intense magnetic field. The subject was discussed by 0. J t Lodge, 
R. W, Gray, and J. B, Speakmun. 

F, Streintx said powdered cupric oxido b a nAi-conductor of electricity, but 
it conducts much better when it lias been fused. According to K. Badeker, 
the specific resistance is 400 when that of copper isOO0OOO17. F. Horton measured 
the resistance and conductivity of fused rods of cupric oxide F0O6X1994 xO 2179 
C.c., and found: 

IS* 00 5 1ST* BBS* W8‘ 733* D« 4 lOBBT 

RwbUnoo G4MOO 745(10 5930 96'3 337 1-455 049« 0*031 

Cawduotivity 3-30x1^ 3-07X1C" 1 2-2fiXlO-> 0 03711 01497 1111 IQ'87 
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No sign of electrolysis wm here observed at ordinary temp*, but at 700°, electro* 
lysis can be detected. K. Badekm gave 400 absolute unite for the metallic con* 
ductivity of cunric oxide (the value for copper is 0*0000017), According to 
A, A. Sommerville, a column of oxide, t cm. diam, and 10 cme. long, has a resistance 
of 10 T ohms at 396* if it has been twice heated, and at 1290° if once heated. Th^ 
resistance at the m.p* is 35 ohms. The resistance of cupric oxide after melth^g is 
greater at all temp, T. W. Case found that exposure to light had no measurable 
effect on the conductivity of tenorite. According to P. Fritzsch, the addition of the 
oxides of magnesium, zmc, cadmium, aluminium, or bismuth raises the conductivity 
of cupric oxide, while it is lowered by lead oxido. According to J, Perrin, cupric 
oxide is electrically neutral in aq. soln., positive in acid and negative in alkaline 
liquids; and, according to 0. €. Schmidt, the electrodes of cupric oxide in sodium 
hydroxide gradually become more positive. According to E. A. Byrnes, the o.m.f. 
of cupric oxide against copper in molten sodium hydroxide at 3150* is <J'2lH}'S!5 
volt. E. van der Vcn has also studied the o.m.f. of cells with cupric oxide. 

G. 0. Schmidt and M. Wildermann studied the effect of illumination on the 
potential of electrodes in sodium hydroxide. A. Cochn and Y. Osaka found I 4S 
volte arc necessary for the development of oxygen at an anodo of cupric oxide 
against a standard hydrogen cathode. 

Cupric oxide is hygroscopic, so much so that W. Miiller-Erzbach suggested the 
absorbed water is chemically united with the oxido ■ the hygroflOOpicity is less when 
tin: oxide has been calcined to a high temp., and this the more the higher the temp, 
of calcination; C. F, (Voss 12 that the oxide prepared by heating copper in oxygen 

is not hygroscopic even in an atm. sat. with water vapour, while the oxide prepared 
by precipitation or hy calcining the nitrate is hygroscopic, (Jupric oxide is insoluble 
in water. The oxide prepared at a low temp, quickly dissolves in dil. acids, but the 
oxide which has calcined at a high temp, dissolves very slowly even in hot 
cone, acids, A. Joannis says the oxide dissolves quickly in a mixture of am¬ 
monium iodide and hydrochloric acid. Cupric oxide is readily reduced by gently 
heating it in a current of hydrogttH- During the reduction, the mass sometimes 
heroines incandescent. J. J, Berzelius noticed that the action seems to begin at a 
definite temp., which is lower the lower the temp, at which the oxide has previously 
been calcined. Thus, W. Muller-Erzbach found that the oxido prepared by drying 
the hydroxide at is reduced at 135° ; if the oxide has been pre-lirated to a 
higher temp., reduction occurs at 1411° ; the oxide prepared hy the direct oxidation 
of the metal is reduced at 193°, and that prepared from the nitrate is reduced at 
205°. C. R, A. Wright and A. P. Luff found that precipitated cupric oxide Washed 
and dried at 130° showed no signs of reduction at 83°, but at fl7°-90° reduction 
could be detected; with a sample prepared by ignition, no action could bo detected 
up to 170°, but at 175° reduction was appreciable. F. Glaser gives 150° for the 
temp, at which, reduction begins with oxide prepared from the nitrate; and 199* 
fur powdered cupric oxide prepared by direct oxidation. The reaction has also 
been studied hy A, Osarm, and by S, Hauser, According to R. N. Feast) and 

H. M. Taylor, the reduction of copper oxide hy hydrogen, is uutocatatytic, metallic 
copper being the catalyst. The reaction takes place at the copper-copper oxido 
interface. The presence of water vapour retards the formation of the copper 
nurlei hut does not interfere with the subsequent action at the interface; oxygen 
has the reverse action. For the adsorption a! ga*6S™hydrogen J etc .—vide ttupra. 
The reduction also occurs abtuit the cathode from which electrolytic hydrogen is 
being evolved; A, Lob also found that the reduction occurs in potassium cyanide 
soln. of cupric salte with an alternating current. 

According to H. MoissSn, 13 fluorine does not react in the cold with cupric oxide, 
but when red hot, a black substance is produced which is assumed to be cupric 
wnffittoride. For the solubility of the oxide in hydrofluoric acid* vide cupric fluoride, , 
M + G. Levi and M. Voghera obtained cupric chloride and chlorine when cupric oxide 
ia heated to 300* in a stream of air an^hydrogea chloride, the cupric chloride then 
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form* an oxychloride. L, Santi says ammonium chloride calcined with cupric oxidg 
forme cuprous chloride coloured brown by a little cupric chloride. According to 
W, D. Bancroft, hypochlorites arc decomposed by cupric oxide, and F. Octtel has 
shown that the yield of hypochlorites in the electrolysis of aoln. of calcium chloride 
jit diminished by this agent. W, 0. do Coninck and L, Arzalicr stated that when a 
mixture of cupric oxide and ammonium chloridais pounded in a mortar, or strongly 
compressed, sonic cupric chloride is formed and ammonia evolved ; while with 
ammonium bromide, an unstable ammoniacal copper oxy bromide is formed which is 
soluble in dih ammonia, and gradually loses ammonia, hoping a green hydrated 
copper oxybroirrido mixed with a little bromide. According to G, Deniges, oxygen 
is formed when bromine drops into sodium hydroxide in this presence of cupric oxide. 
Liquid hydrogen iodide was found by Jt K h Norris and F. 0. Oittrd to produce 
cupric iodide, (Ail,. Ji. Szilard has shown that iodine is liberated when cupric 
oxide is added to a soln. of cupric nitrate and potassium iodide. Cupric oxide 
also stimulates the decomposition of potassium chlorate— q.v .; according to 
(!. R, A, Wright and A. 1\ Luff, some chlorine is formed at the same time. 

According to M. Jordan, j4 if cupric oxide be hcatr-d with an excess of sulphur, 
cupric sulphide and a trace of the sulphate are formed; with the cupric oxide in 
rxccss T the products are cuprous oxide and cupric sulphate- in the former case 
much sulphur dioxide is produced, and in the latter case very little. Jf the temp, 
he near the decomposition point of the sulphate, the reaction is symbolized: 
7CuO i S=Cufi0 4 4 fftJuuO. When heated with sulphur in a stream of hydrogen, 
H. Rosa and N. Kluss found all the cupric oxide is converted into cuprous sulphide. 
When cupric oxide Is triturated with Sulphur and water, and heated in a closed 
vorofll to J. 11. Smiderenn noted that blue crystals of cupric sulphate are 
formed. 0. Keppehr obtained a quant dative reduction of tup lie oxide by sulphur 
dioxide at 4fnO' J : SCiiO-pSO., LuStVrClinch H, Rrioglivb showed that the 
cupric oxide may be employed as a contact catalyst for accelerating the union oE 
sulphur dioxide and oxygen lil the formation of sulphur trioxide for sulphuric acid, 

and several patents have ... taken in this connection. It might also be added 

that M, Traube, W, A. Rone and K, V. Wheeler, J. Krutwig and A. Rernoncourt, 
0 . 1). Rrinrlley, ami F. IWhhaum have drawn attention to the use of cupric oxide 
in stimulating the oxidizing action of oxygen. Ammonium monosulphide, accord- 
ing to K. Ilcmnaim, forms cuprous sulphide with some cupric sulphide and yellow 
ammonium sulphide; Hie alkali or ammonium polysulphides were found by 
K Priwoznik to form salts of the type JLCu^ ; IT. Debus says thiosulphates 
are formed. H r E Raker found that dry sulphur trioiide has no action oil dry 
cupric oxide, W h Spring found that sodium hydrosulphate, NallSO^ reacts 
energetically when ground with copier oxide in an agate mortar. 

When ammonia h. passed over heated copper oxide, nitrogen gas is obtained- - 
i/.a.- ami this is one of the recognized methods of preparing that gas in the labora¬ 
tory, S. Hauser l!i found the red net ion ro mine arcs bet ween 2lifT- ,'HtrtA IF, N. Warren 
said that if the cupric tfxide lx- warm, a green powdered copper nitride is formed 
wh*rh detonates at a more elevated temp, V. dc Lasscne, and d, L. Proust noted 
the solubility of cupric oxide in aipm ammonia, a series of cupric amminn-oxides 
lias been reported—*pe. According to E. Mur inarm, the dissolution takes place 
very slowly if the oxide has been calcined, and if ammonium salts are present, 
the Milvclit action is much greater. According to L. Maumcne, cuprio oxide is 
soluble in aqua ammonia only if ammonium Balia be present. According to 
J. L, Proust, the oxide dissolves in a hot soln. of ammonium chloride, and 
an equal portion forms a basic chloride and the addition of much water or alcohol 
precipitates a blue hydrated compound from tho soln. Jj. Jumah found the oxide 
also dissolves in hot soln. of ammonium sulphate or ammonium sulphite; and 
0, Schnabel found IK pr cent, of oxide dissolves in a twin, of ammonium 
carbonate in 24 hr*., and cupric oxide or o basic carbonate ia precipitated by 
boiling the soln,; wbilu sine precipitates*tho copper from the soln. D. Lanoo 
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has studied the solubility of cupric oxide in various union: V. Dcasaignea in 
tau&mijte ; R, Pina in acid amides ; E. Fischer in polypeptides ; and K, Kraut 
in piperidine acetate. According to A, Cahoure* it. is not soluble in piperidine. 
J. L, Proust said that oils dissolve cupric oxide forming a green sola. Soln, 
of the ammonium salts when boiled with precipitated cupric oxide give greei* 
soln. and form a basic cupric salt. P. Sabatier and ,T. B, Scndcrens say that 
nitric Olide below 500" lias no action, (X A. L. de Bruvn found hjdrarine to 
react vigorously with cupric oxide ; and, according to A. Tlium, the same is also 
the caw with bydroxyl^mine—the cupric oxide is reduced in hotli caws< R Haber 
found the reaction to proceed more quirklyin the presence of alkalMye. E. Fraucke 
found the speed of the reduction is reduced by lowering the tamp. With phosphorus 
and water, W. J. J. Le Vcnier obtained red copper; copper phosphide and phosphate 
are formed. A. Michaelia found that when cupric oxide is heated to 1GU U in a 
syafrd tube with phosphorus trichloride, cupric phosphate and chloride, cuprous 
chloride, and phosphorus oxychloride are formed; and A, Gautier reported that 
some of the lower oxides of phosphorus arc quickly oxidized by cuprous oxide. 

(’upper oxide in reduced to the metallic state by gentle ignition with Carbon. 
According to C. R. A, Wright and A, J\ Luff, 1 * 1 freshly precipitated and dried cupric 
oxide is reduced by .sugar charcoal at cupric oxide from the nitrate at 4JMr, and 
that made by roasting copper, at J, Gamier, ami A. C« Heequerel followed the 

ruurse of the reduction by noting the changes in the resistance of un electric current 
passing through the mixture, F. 0, Hoeltx and U A, Grumminn say that cupric 
oxide is reduced by carbon at 71X1°. I, L r Hell said that, the redui tom by carbon 
monoxide is incomplete at the temp, of melting zinc. W + Spring adds that if the 
temp, of reduction bEi below the m.p, of copper, the metal will be obtained "ill a 
finely powdered condition, G. R, A. Wright, A. R Luff, and E. II. Rennie reported 
that as in the ease of hydrogen the higher the predicating of tin: cupric oxide, tin: 
higher the temp, required for the reduction with carbon monoxide to begin. Thun, 
the reduction begins at (ju' 1 with proripitated cupric oxide, washed, and dried at 
Ittr, and the action is well marked at UH"; with Jgnited cupric nitrate the action 
begin a at 125° and is well marked at lift*; and with roasted copper, the action 
begins at 14(V J and is well marked at LVl° S. Hauser found the reduction begin* 
about 205 J , K. f). Campbell found that with a given sample of cupric oxide, the 
reduction with hydrogen began at 175' 1 IHIJ": with i-arlmi} monoxide, at 10<C RJfB 1 ; 
wi th acetylene f at 15‘- J ; with propylene , at 2 7( C; am 1 wit li 
butylene, at 32u -340°. E. Jager found methane begins its action at a red heat. 
F. L\ Fhillipa says that the hydrocarbons can he completely oxidized hy hot 
cupric oxide ; and L. Pfaundler adds that if coal £B8 he used for the millet ion, 
a* indicated by A. 0*ann, the reduced copper will he contaminated with carbon 
and adsorbed hydrogen. J. N. Bring noted the reduction of cupric oxide by 
aluminium carbide, and B. Neumann and (>. FrohJich by calcium carbide. 
A, Gautier cays that* the vapour of carbon disulphide dot s not form cupric 
oxyaulpbide, GuOtt, F, A, Gooch and de F. Baldwin s&yfl that acetylene acta on 
cupric oxide like it docs on cuprous oxide. K, Andrlik and H. Hranioka, and 
W. Bruhns noted the reduction of cupric oxide with methyl alcohol ; A. Gcurout 
with ether ; F. Bullnkeimcr with glycerol ; L. Hunton, with sugar ; A. Kling, 
acetal; O, Loew, petroleum ether; T. "Weyb formic acid; P. Woog, toluene; 
L. Maumene, naphthalene ; etc. 

G, Lunge, and W. C. Zeise Jhave studied the removal of sulphur from took oils 
and petroleum by distillation with cupric oxide. According to H. N. Warren, 
vdam cupric oxide is heated with silicon it forms n silicide or metallic copper; 
and 0, Ruff and K> Albert savs that sUiOOChkUtifbrm, BiHCl Pp exerts a reducing 
action. According to 0, H. Burgeon and A. Holt, 17 eupric oxide in not soluble in 
fused boric <ndde» B^Oj, hut it is soluble if cme of the alkali bases bo present— 
III hi um, sodium, potassium, caftium, or rubidium, E. JDufau say a that alumina 
and magnesia are coloured reddUh-bru^n hy cupric oxide. The alkali iflicatot 
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axe coloured blue by cupric oxide, and pottery glazes arc usually coloured green by 
cupric oxide. According to H, Schwarz, an old blue Venetian glass contained 1’32 
per cent, of cupric oxide, The green colour imparted to glass by copper oxide was 
known to the ancients and to the later alchemists ; advantage was taken of this 
property to make artificial emeralds. Thus, the pseudo-Basil Valentino says “ the 
emerald contains sulphur veneris.” There is a delicate relation between the various 
constituents of a pottery glaze which enables the copper turquoise blue to be 
obtained. Old Persian-blue tiles have the turquoise-blue glaze. With less than 
one per cent, of cupric oxide and a reducing atm, copper cjlours glazes red. This 
colour is shown on the Chinese mng de besuf and rotttje jlambe glazes. The colour 
is probably produced by colloidal copper. An oxidizing atm., says G. Ranter, 
favours the development of green and blue copper colours. 

Cupric oxide is reduced to metallic copper when heated with potassium or 
sodium at temp, below their m.p. The reaction proceeds with vivid incandescence. 
C. Winkler 18 found the reduction of heated cupric oxide by admixed magnesium 
is accompanied by incandescence and a detonation. H, Moissan found boron 
exerts a vigorous reducing action. E. Beckmann found calcium is a vigorous 
reducing agent \ F. M. Perkin and L, Pratt say Calcium hydride also acts 
energetically, Copper reduces cupric to cuprous oxide, 

0. Loew, 1B A. Chodnefi, and W. I\ 0, de Coninck have studied the action of 
alkali hydroxides. A, Volker showed that cupric oxide is slightly soluble in a soln. 
of potassium or sodium hydroxide. A 70 per cent. soln. of sodium hydroxide 
takes up copper in the proportion Cu: NaOH, and the blue liquid does not deposit 
copper oxide when diluted with 3 or 4 vok of water. The oxide also dissolves in 
fused alkali hydroxides to which it imparts a blue colour, and the product is solublo 
in a little cold water. According to j. A. Hcdvall and W, von Xweigbergk, cupric 
oxide decomposes barium dioxide catalytically with an optimum temp, of 600^ 
Soln. of salts of the alkalies, alkaline earths, and magnesium were found by 
H. Ost not to attack pure cupric oxide. According to J. A. Hedvall and co¬ 
workers, they found that potassium chloride could not he used as a flux in the 
fusion of cupric oxide with aluminium oxide on account of a ieaetion taking 
place between the potassium chloride and copper aluminate, When cupric oxide 
is added in small quantities to a mixture of potassium and sodium chlorides at 
1000 ° and the heating continued for one and a half hours, cuprous oxide is 
formed and oxygen evolved. At the same time, a basic cupric chloride is 
funned, C. It. C. Tichborne says a 10 per cent, soln, of sodium hydrocarban&te 
mixed with phenolphthalein, and just decolorized with nitric acid is not altered 
by trituration with cupric oxide, .T, von Liebig found cupric oxide to be reduced 
and alkali cyanatc to be formed by fusion with potassium cyanide ; and J. Lem¬ 
berg found that black oxide of copper is soluble in a boiling soln, of potassium 
cyanide, J. L. Proust, and A. Vogel noted that when cupric oxide is boiled 
with Btanmms chloride* cuprous chloride passes into soln.* and stannic oxide is 
precipitated. M. de K. Thompson found that a soln, of ferrous sulphate forms 
fe^ic oxide and cupric sulphate, ferric sulphate furnishes the same end-products, 
but if the cupric oxide is in excess, a basic sulphate is formed. According to 
T. 8. Hunt, ferrous Chloride furnishes cuprous and cupric chlorides and ferric 
oxide. A. Lcvol noted that hydrated ferrous oxide and cupric oxide form 
cuprous and ferric oxides. Gin ct Soc. Anon, found cupric oxide precipitates 
ferric oxide from a aoln. of basic ferric sulphate at 9Qf\ C. J. B. Karaten found that 
when cupric oxide is fused with ferrous sulphide, cupric sulphide is formed. 
M. Yallety says that a soln, of silver nitrate forms basic copper nitrate. According 
to G. Bonnet, a soln. of aissuunu add in potasriumtoi sodium hydroxide gives 
the alkali arsenate and cuprous oxide ; the reaction does not occur with the alkali 
carbonates or with calcium hydroxide; with aqua ammonia, half the cupric oxide 
is reduced to cuprous oxide and half dissolves in the ammonia, forming a blue soln. 
M. Prud'homme found alkaline* soln. of,the alkali chromates dissolve cupric 
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oxide, and when boiled, deposit cuprous oxide, leaving the alkali chromate in sola. 
According to a patent by the Chemische Fabriken Billworder, cupric oxide 
acta aa a catalytic agent in oxidising chrome iron ore or chromate during its 
fusion in alkali hydroxides. 

According to M. von Nencki, 20 commercial cupric oxide may contain lime p 
according to P. Drawn, cuprous oxide, and, according to H. Violette, selenium os 
well as the usual impurities associated with copper* The property possessed by 
cupric oxide of imparting the necessary oxygen for the combustion of hydrocarbons, 
and many other organic^ compounds, has led to its being used extensively in organic 
and gas analysis. It is also used for colouring glasses, glazes, and enamels green, 
red, or blue, as previously indicated. A contact process for sulphuric acid ia based 
on the stimulating action of cupric oxide—alone or in conjunction with chrome 
iron ore or ferric oxide—on the union of sulphur dioxide and oxygen. It has been 
used by E* Fischer as depolarizer for tho cathode in the electrolysis of alkali, 
chlorides. There are several patents for its use in this connection. F. de Lalande 
and G* Chaperon, P, Schoop, C* Grimm, etc,, have discussed tho use of copper 
oxide as positive electrode in primary and secondary cells. A. Lionet aays the 
precipitated oxide dried at 100° removes arsine from hydrogen, and also, according 
to H, Recklehen and G, Lockemann, hydrogen sulphide* E. Viol patented its use 
for removing silicon from aluminium. 

Cupric oxide forma with acids a series of stable cupric salts, for cupric oxide 
is generally readily soluble in the acids. Cupric oxide is a stronger base than 
cuprous oxide. The anhydrous cupric salts are usually white, a fftw, e.g , cupric 
chloride, are brown. The salts of the volatile acids lose their acids when calcined. 
The salts arc usually readily soluble in water, and their spin. Tedden litmus owing 
to hydrolysis* L. Moser found that the cupric salts are net oxidised by ozone ; 
but they are readily reduced by hydrogen, hydrogen sulphide, and the metals. 
For example, J, B, Scndcrcns, $, Kern, and D, Vitali found that soln. could he 
Teduccd with the precipitation of copper by many metals, but the amount of metal 
dissolved is rarely eq, to the amount of copper precipitated* 
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§ 1L The Hydrated and Colloidal Cupric Oxides 

A. Lottermoser 1 prepared a cupric oxide sol by oxidation of a colloidal solo, 

copper in air. T, Svedberg obtained a colloidal solution cl cupric 0 »de by 
sparking the solid under isobutyl alcohol H.Ley and F. Werner obtained a 
colloidal soln. of cupric oxide by allowing a dil. aq. soln. of copper succmimide to 
stand for some days ; the colour changes slowly from dark-green to yellowish- 
brown and finally dark brown. C. Paal and W. Leuxe jwepared the colloids by 
their process with sodium protalbinate or lysalbinate. V, Kohlschiittcr and 
J. h. Tiischer prepared cupric oxide dispersed in a gaseous medium by makmg 
the metal one electrode of an electric are and oxidizing the vapour. 

C. F. Cross 4 fouiid th&toupric oxide prepared by the ignition of Hie nitrate when exposed 
to an atm. sat. witb moisture takes up from 2 to 4 per cent approximating SCuQ.HjQ, 
whereas the oxide prepared by igniting the metal in oxygen takes up no water and is per¬ 
manently anhydrous. The hydrate prepared by precipitation from tho sulphate and drying 
at 100 fl , had a composition corresponding with 4Cu0.H,0. This product woa thought 
to rehydrate per forming in 24 hre. CuO.H a O ; in 48 hna. 2Cu0.3H a 0 j and then 

approximated slowly to the Limit CuG.2H a O. E. Rub£novitch also reported this latter 
hydrate by precipitating cupric sulphate with potassium hydroxide and washing the 
product until the water is removed. E. Frdmy, and W. Spring and M. Lucian obtained 
similar results. B, Kosmaun regards this product as having the constitution HCu{QH) a . 
A- Msilhe prepared a similar product to the 4CuO.H.O, that is, Cu(OH) a ,3CuO, or 
CUiOifOH)! and called ttirawiprictriQRydihydrozide, obtained by C. F. Cross; andF Sabatier 
claimed to have obtained TCuO.H/} by dehydrating 2CuO.HjO, in the cold or at 100°. * 

According to M. Schaffner, the dark brown product obtained when freshly precipitated 
cupric hydroxide is heated under its own mother liquid, or heated with water, or exposed 
to direct sunlight, has the composition : 0CuO,HjQ. E. Muller and F, Bpitzer obtained 
the same product by electrical ondosmose. F, Mcwrow also claimed to have made this 
same product by suspending cupric hydroxide in 10'7 times its weight of potash-lye oE 
sp.gr. 14 and passing cldcrino into the liquid, at CtF-iid 0 , or at a boiling temp., until the 
colour no longer changes. The product is dried over sulphuric acid. M- SchafTncr says 
that the dark brown pulverulent mass does not lose its water at 1 30*; and H. Hose, that 
from 1 to 2 + 3 per cent, remains when it is heated to 2G0 3 or 300°. According toE. Harms, 
the product tiCuO.H a O is really 3CuO.H a O, and, according to E. Francke, it is partially 
reduced to CuGH by hydroxylamme. There is little more than tho analysis to show that 
those products are individuals, and it is extremely probable that moat or all of them are 
mixtures of cupric oxide with absorbed water. Similar remarks apply to the product 
obtained by A. Joannis by boiling ammoniacal cupric soIn. T and to the black products 
obtained by J3. Muller and F* Spitzor on the platinum or iron anodes during the electrolysis 
oE solo, of copper salts in alkali dye, or oE Fch Ling’s eojn. 

Cupric hydroxide, CufOH)^ or CuO.H a O.—A blue colloidal hydrated form of 
cupric oxide is formed by adding a alight excess of dil potassium hydroxide to a 
cold solm of a cupric salt. It is repeatedly and rapidly washed with large quantities 
oi cold water—a litre of water per gram of hydrate, Tho jnaaa is collected on a 
doth filter after each washing. The operation should not occupy rtiore titan an 
hour. According to P> Grouvelle, 3 the precipitate still retains some alkali after the 
wdfehing. In order to avoid the formation of basic sal to, A. Oglialoro said that it 
is best to pour the copper soln. into tho excess of alkali. The hydrate is liable to 
turn black, oven during washing, owing to the formation of cupric oxide. Hence, 
A. Villiera recommended using iced water, and keeping the temp, below 0* 
GlFassbender said that the change to the black oxide is retarded if some glycerol 
be present. According to L. S. Finch, cupric oxidtf jellies, mode by adding a suit¬ 
able quantity of ammonia to a sat, sola, of copper acetate, are not permanent, for 
sooner or later cupric hydroxide separatee out. The stability is increased if a little 
manganese sulphate, potassium sulphate, or sulphuric acid he present in the cupric 
acetate soln. before precipitation. 

According to J. M. van Bemmelen, the pure hydrogel is a thick, bright blue 
jelly, which, after pressing between porous earthenware fof two hours, still contains 
a large quantity (20 molsj of " frater of absorption/' It retains its colour under 
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water at the ordinary temp, for several days, whether in the dark or ia sunlight, 
but in hot water, unlike the crystalline variety, undergoes, gradual modification, 
the colour changing to green. When exposed at the ordinary temp, to an artificially 
dried atm., it loses water until its yap. press, is equal to that of the aq. vapour in 
the atm., and when the press, is aero, the composition approaches the limit CuQ,H a O? 
This last molecule of water is only partially eliminated at 100°; the second, although 
not so tenaciously attached, is more firmly combined than the others, the number 
of which varies,* as before stated, with the picas. With the elimination of water, 
the compound become^more stable, and like the crystalline hydrate in character, 
whilst the ease with which the water is eliminated diminishes as time elapses. The 
dried substance absorbs a certain amount (4 mok) of the, 
water again, whoa exposed to a moist atm., the exact 
amount depending, as before, on the press, of the aq. 
vapour in the atm. Fig, 25 shows the isothermal hydra¬ 
tion and dehydration curves (15°) for the water cone, of 
the solid in mols, of H a O per mol, of CuO, and the yap, 
press, of the gaa phase in mm. of mercury. According 
to V. Kohlschiitter and J, L, Tiiscber, the dehydration 
of copper hydroxide is due to an internal neutralisation, 
and is to be represented by the equations Cu(GH) 2 
^=Cu--j-20H'; CuHA ?=* CirfV+SH'; 2IT+2QH' 

^aH^O; and CuO^’+Cu'^SCuO. It is, however, 
not simple Cu(OH} a mols. that are involved in the 
reaction, but molecular complexes of colloidal dimensions, 
so that the degree of dispereity, and hence the reactivity 
of the complexes, varies with the conditions of formation, 

N, G. Chatterji and N. R, Dhar regard soln. of the so-nailed cupric hydroxide 
as a true peptized colloid, and not pf chemical combination. 

Cupric hydroxide was prepared by J. Habermann and Ii. Ehrenfeld by the action 
of potassium hydroxide on basic cupric sulphate; J. M. van Bcimuclen used basing 
cupric nitrate ; W, Bonsdorff used ammonium cupric sulphate or nitrate ; J, J, Ber¬ 
zelius, A. Bouzat, J, Lowe, E. M. P^ligot, and J, M. van Beramulan treated a feebly 
ammoniacal solo, uf cupric oxide or carbonate with dil. potassium hydroxide. 
A. C. Becquerel obtained a growth of crystals of the hydroxide on a sheet of collodion 
or paper separating a soln, of cupric nitrate from a soln, of potassium hydroxide, 
potassium aluminatc, or potassium silicate. The crystalline hydroxide, Cu(0H) £j 
is prepared by the slow action of dil. alkalies on various copper salts in the cold. 
The product is not affected by alkalies or by heat, and may be boiled with water 
without undergoing any change. The assumption of this stable form is in some 
way connected with the action of the alkali, ae the same phenomenon is observed 
with heryllia and alumina. A. Krcfting obtained thread-like masses of cuprje 
hydroxide dipping copper in a edn. of potassium ferricyamde and sodium chloride 
to which one or two drops of podium hydroxide have been added, Tho formation 
develops more quickly if copper be in contact with platinum. 

J. L Proust obtained cupric hydroxide by shaking cupric carbonate with oaloium 
hydroxide and water* J. M. Bell and W. C. Taber obtained cupric hydroxide by 
adding calcium hydroxide to a soln, of cupric sulphate. A* 0. Becquerel found 
limestone in a soln, of cupric nitrate is gradually covered with green basic nitrate, 
and when dipped into dil, potassium carbonate forma blue needles of cupric 
hydroxide, 33. Julius used calcium carbonate. G. do Bechi prepared the some 
compound by adding zinc or magnesium oxido or hydroxide to soln. of cupric 
salts; CL Millberg used nfonganous hydroxide, E. M. P&igot obtained cupric 
hydroxide by the action of a large proportion of water or ouprio amnuno-nitrite 
on an ammoniacal soln. of cupric nitrate, J* M, van Bemmelen diluted with an 
excess of water, the soln T -obtained by exposing copper and ammonia to air. 

F, Bullnheimer and B,. Seitz added anfunomato a boiling soln. of cupric sulphate 
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until a blue precipitate was formed, and then added a soln. of alkali hydroxide* 
T. Graham dialyzed the liquid obtained by adding potassium hydroxide to a sole, 
of cupric chloride and sugar, and obtained a green colloidal soln. of cupric oxide- 
R. Ludwig mixed gum arabic and added an excess of alkali hydroxide, when a deep 
^)lue colloidal soln. of cupric hydroxide was formed. B. Szilard peptized cupnc 
hydroxide by adding it to a boiling 2 per cent, soln. of thorium or uranyl nitrate. 
The resulting colloidal soln. was blue or green. E* Grimaux dialyzed Schweigger's 
liquid and also decomposed it by five or six volumes of water, or by small quantities 
of magnesium, calcium, or aluminium sulphate, acetic add, or by heating it to 
40° or 50*. In the latter case, the precipitate slowly dissolves on cooling. A soln. 
of native cupric oxide or carbonate in an aq, aoln. of an amine; or better, a mixture 
of amine and aqua ammonia, when heated, forms cupric hydroxide. If the oxides 
of zinc, cadmium, cobalt, nickel, etc,, are also in soln., the hydroxides are precipitated 
consecutively as the temp* lisex—for example, zinc hydroxide separates at 95°, 
cupric hydroxide at 100°, and silver hydroxide at a still higher temp* A. Gufcbier 
obtained a yellow unstable hydrosol of cupric hydroxide by treating a very dil. 
neutral soln* of cupric sulphate with hydrazine hydrate. K* Elba, and R. Lorenz 
prepared cupric hydroxide by electrolyzing a sola. of potassium nitrate or sodium 
sulphate with a rotating copper anode. 

The properties of cupric hydroxide.— Cupric hydroxide prepared as just 
described appears as a blue hydrogel or in blue crystals—macro- or micro-scopic. 
It also forms colloidal sols. The hydrogel dries to greenish-blue friable lumps, 
with a conchdidal fracture. According to H. G. E, Schroder, 4 the sp. gr. of a sample 
derived from the action of aqua ammonia on cupric sulphate is 3 368. The dry 
mass and the crystals are fairly stable at ordinary temp., but, as noted by 
C* L, Bertholhd, the hydrogel standing under water is more or less dehydrated, 
forming first a green, then a brown, and finally a black more or less hydrated oxide ; 
E* Harms says that the hydrogel can bo heated over 100° without change under 
liquids which exercise no chemical action on the product; and M H Schaffner says 
that the’ product dried over quicklime can be heated to over 100° without change. 
According to H. E. Schenck, copper oxide, precipitated together with alumina 
by a slight excess of sodium hydroxide from a eoln. of copper and aluminium sul¬ 
phates, is light blue in colour after drying at 110°, On heating successively in a 
Bunsen flame and a blowpipe flame, the colour changes to light greyish-blue if the 
mixture does not contain more than 5 per cent. of copper oxide. With 10 per cent, 
of copper oxide the mixture shows signs of blackening in the blowpipe flame. 
H. E* Schcnck believes that alumina stabilizes the blue oxide, and that the change 
from blue to black is due to on agglomeration of the particles. N* G* Chatterji 
and N. R. Dhar also found that blue cupric hydroxide Is stabilized by the presence 
of a trace of undecomposed cupric salt. 

The dehydration under water is dependent (i) on the p temp*— n.g. W, Spring 
and M.Lucion found freshly precipitated hydrogel which hod a composition corre¬ 
sponding with CuO.£H 2 0, formed the black product when kept at 15° for nine 
n&nths; at 30°, in 96 hrs.; at 38* in 38 hrs.; and over 54°, a lower hydrate 
is usually formed. As shown by J. L. Proust, the dehydration is also dependent 
(ii) on the nature of the salts in the soln*—thus, D. Tommasi found the dehydration 
to occur in a 5 per cent, soln* of sodium carbonate at 60°; 19 per cent. soln. of 
potassium chloride at 71°; 10 per cent* soln, sodium hydroxide at 74*; water at 77°; 
10 per cent* soln. of sodium acetate at 79*; 10 pec cent. soln. of sodium sulphate 
at 79°; one per cent* soln, of sodium hydroxide at 83°; 0'5 per cent, soln* of sodium 
hydroxide at 85° \ 10 per cent, soln* of potassium bromide or of potassium chlorate 
at 85°; and 10 per cent, soln* of potassium iodide at 86°1 In the presence of calcium 
cMoride, manganese sulphate, and sugar, cupric hydrogel remains unchanged at 
100°—only a trace of manganese sulphate is needed to hinder the formation of 
the black oxide. W* Spring and M. Lucion aay that the ^chlorides of the univalent 
metals affect the action in the same way, and nearly half as slowly as chlorides 
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of the bivalent metals. 0. Ochscnius olao found the sulphates of sodium , magnesium, 
and manganese to act similarly. According to J. M. van Bemmelen, the blue 
hydrogel is stable towards alkalies and alkali salts, but it precipitates bromides 
and iodides almost completely as basic cuprous salts. Tbs fresher the prepara¬ 
tion, the more vigorous the action. According to B. Koamana, the ready dehy-* 
dration of the hydrogel is connected with the low value of the heat of hydration. 
W. Spring and M, Lucion believe there is some relation between the dehydrating 
action of the alkslics and their osmotic press. J, L, Proust says that alcohol 
does not decompose the f resh or dried hydrate. 

According to J. L. Proust, A. ChlodnefT, E. Fremy, and W, Spring and M. Lueion, 
the hydrate is soluble in alk&Udye—at 15°, the latter say that a mot. of the hydrate 
is soluble in a soln. with 37 mols. of potassium hydroxide, or 32 5 of sodium 
hydroxide, and H, W. Fischer adds that the solubility of cupric hydroxide in soda- 
lye is less the more dil. the lye and that the solubility is affected but very slightly 
by sodium carbonate. According to E. Muller, an aq. solo, of sodium hydroxide, 
sp, gr. 1'345-1'370, or of potassium hydroxide, of sp, gr. 1-453-1'498, will just 
dissolve 0'78 grin, of cupric hydroxide per 100 c.c. The bright blue soln. does not 
give a precipitate when boiled directly, or when diluted. If a more dil, soln. of 
alkali be used to dissolve the cupric hydroxide, a soln. is obtained which ifl not 
stable when further diluted and boiled. The violet soln, obtained when cupric 
hydroxide is dissolved in 12JV-NaOH, gives a brown precipitate on standing, and 
it dissolves when more alkali is added, forming a brown soln. E. Mqtler does not 
think the explanation is due to colloids, but is rather due to the formation of a 
complex; Cu(OH) a +2OH'=Cn0/'+2H s O. The constant tf=[<WJV[C Cl , v ], 
and is approximately constant for U 09 to 15 50tf-Na0H. E. Muller noted that 
after the soln. has stood a long time, it deposits the black oxide. N. G. Chatterji 
and N. 11. Dhar stated that cupric hydroxide is peptized by sodium hydroxide, and 
there is no evidence of chemical combination. According to E, Muller, when 
cupric oxide or hydroxide is shaken with fxme. soln. of sodium hydroxide, the 
amount dissolved depends on the cone, of the alkali. The maximum solubility is 
reached at about lo^AT-sodium hydroxide and is about 0'4 mol of copper per litre 
in the cose of the hydroxide and 0 05 mol in the case of the black oxide. On 
increasing the cone, of the alkali t the solubility suddenly falls in both cases to the 
same figure, and in lfltf-soln, there is practically no copper in soln. In soln. of 
lower cone, than 15.N, the stable solid phase is black cupric oxide, whilst with soln, 
of higher cone, it is sodium cuprite* which appears as a blue precipitate similar in 
appearance to cupric hydroxide, which, however, on warming the soln. in which it 
is produced and again allowing to cool, crystallizes. The crystals cannot be washed 
free from excess of alkali as they decompose into the black oxide in contact with 
an excess of water. r 

0. Arnold found that freshly precipitated cupric hydroxide is soluble in a sat. 
soln. of potassium carlionate or hydromrbymdc. The hydrate was also found by 
H, W, Fischer to be soluble in soln. of Wium carbonate or hydrocarbonate* Tljc 
solubility of cupric hydroxide in alkali-lye is augmented by the presence of many 
organic substancea-^.p* G. Stiidclcr and W. Krause found tartaric acid very 
effective; B. Coray, malic and citric acids; J. Wolff and W. Weith, salicylic add; 
E, Salkowsky r rrtUk and grape sugar; F. Hofmeistcr, glycerol, sarcasms, leucine, 
tyrosine, and glutaminio acid; J. Lowe* glycerol ; Kalis A Co., albumcnoids; 
J. Rosenthal, starch; A. VogeF and C. Reischauer, casein and soap . A. C. Bee- 
querel, E, P. P&igot, J. Peschier, J. L, Lassaigne, and E, Hunton studied the 
effect of sugar on the solubijity in soln, of the hydroxides of the alkalies and alkaline 
earths. J. L, Lass&igne obtained a blue compound from a soln, containing sugar, 
cupric hydroxide, and potassium hydroxide. J. Rosenthal studied tho effect of a 
magnetic Md on the soln. containing cupric hydroxide and starch. E, Bemoussy 
studied tie compounds formed with starch and other carbohydrates. B, Moreau 
found cupric hydroxide soluble in a eolutioi of ammonium persulphate, W. Bunadorff 
VGI*. HE* L 
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tow studied the solubility of cuprio hydroxide in aqua ammonia, and in aoln, of 
tie ammonium Baits* He found : 

Ammonia * . 2-540 iUfltf im 0*073 0 6 70 j}^ 1 ^ 

a Grata, Cn per litre. 6£fl fl'28 4'J3 3*36 WS 2*35 * U* 

and A. Seyewetz and P. Trawitz found that when the aoln, is boiled, nitrogen is 
evolved and cupric sulphate and ammonium hydrosuJphate are formed, J. Tiifctr 
achof! obtained a basic salt by boiling cupric hydroxide with aoln, of ammonium 
salta; H. von Helmolt obtained a double salt. M, IfrjcThomme studied the 
increased solubility of cupric hydroxide in alkali-lye, and in aqua ammonia in 
the presence of chromic salts. P, Jannasch and W. Cohen found cupric 
hydroxide to be soluble in hydroxylamino, and, according to A. Thum, and 
E. Prancke, the hydroxylambe is slowly and incompletely oxidized in the cold, 
and the action is less eneigeticin the presence of potassium hydroxide. G. von Knorre 
and K, Arndt say some nitrous and nitric oxides are developed; F. Field, in cold 
sob, of sodium thiosulphate—on warming the soln. some of the solute is precipitated; 
H, Grossmann found cupric hydroxide is soluble in alkali cyanide, and C. F. von 
Eeichonhach, in creosote. 

Cupric hydroxide is readily soluble in acids. Carbon dioxide was found by 
P. N. Raikow 5 not to act on cupric hydroxide, but some of the colloidal forme were 
found by E. M, Peligot to absorb carbon dioxide from the air. G. Carrara and 
G. B. Vespignani say that cupric hydroxide is more feebly basic than magnesium 
hydroxide, blit stronger than the hydroxides of zinc, cadmium, iron, or aluminium. 
According to A. Recoura, and P. Sabatier, it forms basic double salts with the 
metal sulphates. L. Mailhe says the hydroxide dissolves in soln. of most of the 
metal salts, forming basic salts which are usually amorphous; most of these so- 
called basic salts are possibly solid sob. D. Tommasi found a little sodium hydroxide 
is formed when cupric hydroxide is treated with a soln. of sodium carbonate or sodium 
chloride. W. Spring and M. Lucion found that when cuprio hydroxide is agitated 
with a sob, of potassium bromide at 25 13 , some potassium hydroxide, KaO^O, 
is formed; and that this then decomposes with the evolution of oxygen. 
J, M, van Bemmelen found the hydrogel docs not decompose a 10 per cent, aoln. 
of potassium bromide at 30° to 45 D ; and a 10 per cent, soln, of potassium iodide 
is slightly decomposed at 30°, and more so at 45°. A. Lcvol found that ferrous 
hydroxide forms ferric and cuprous hydroxides, and E. Braun that a neutral sob. 
of ferrous sulphate forms a basic feme sulphate and cuprous hydroxide as a yellowish- 
brown precipitate j when an excess of a hot soln. of ferrous.sulphate is used, a black 
precipitate is obtained. Cupric hydroxide is reduced by many organic substances 
as indicated under the preparation of cupric oxide and hydroxide, R. Herth 
found that cupric hydroxide desulphurizes thiourea in aminoniacal sob,, and 
D. M. Kennedy used it for desulphurizing crude petroleupi. Hydrogen peroxide 
was found by T. Bayloy to give a yolbwish*red product-'prbbabty a peroxide, 
q*v. A.'Guyard says potassium ferrocyanide precipitates cuprous ferrocyanide even 
ffeow Bob. in ammonium tartrate. L, de Boisbaudran says that cuprio hydroxide 
gives a precipitate with dil. soln. of gallium salts. 
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$ 12. Higher Copper tafflea 

Anliydroua copper dioxide, CuO,, is not known, but L. J. Thfaoardi pre- 
parsd what ia regarded as mooohpmatad eopp« dioadde, CuOj.HgO, by shaking 
cupric hydroxide with an excess of a* very dil. alkaline soln, of hydrogen 
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peroxide at 0°, washing the product with cold water, and drying it in vacuo by 
press, between filter paper. G, Kriiss worked with cone, hydrogen peroxide at 6°; 
and W, Schmid believed that a trace of a ferrous salt is necessary for the oxidation, 
obut G. Krugs showed that the ferrous hydroxide or salt accelerates the oxidation 
which proceeds in its absence if the cupric hydroxide be finely divided. 
T. B. CteWne noted that when a small proportion of hydrogen peroxide is used, 
the blue hydrogel becomes green, and, with increasing proportions of hydrogen 
peroxide, the green colour changes to yellowish-green, yellow, and brown. The 
proportions Cut): 0 in the differently coloured products Sre: 

OmsSBTecn. Yellowish’ Yellow Yellow. Yellowish- Brown Brown. 

green, (green Ungr). brawn. (yellow tinge). 

CuO ; O 12-2 to 127: I IS r I fi 14; 1 3 1 r 1 1 00 : l 1'48 : 1 12: 1 

* 

The products indicated on the left of this table are presumably mixtures of reddish- 
brown CuO 3 ,H 3 0 with blue hydroxide Cu(0H)2. L. Moser prepared the hydrated 
dioxide by the action of hydrogen peroxide in neutral soln., and washing the 
■product many times by decantation with ice-cold water until the washings were 
free from hydrogen peroxide by the titanium sulphate test; the product was then 
washed with alcohol, then w ith ether, and dried in vacuo. The last traces of ether 
were retained very tenaciously. C. Weltrien prepared the same compound by 
adding hydrogen peroxide to a soln, of cupric tetrammino-sulphato; L, J t Thenaid, 
cupric nitrate; and A, Gawalowsky, basic cupric sulphate. I). Vitali obtained 
a brownish-black precipitate by adding bromine to a soln, of a cupric salt. 
A. Ticcini adds that a true peroxide cannot be obtained by the action of chlorine 
or bromine on alkaline soln, of cupric salts, and L. Moser found that oxygen is 
developed during the reaction and the washed product had CuO: 0=73 to 7fl : 1; 
and with cupric hydroxide suspended in water, gave & product with CuO: Q~61 
to &&: 1, Hence he added that probably a higher oxide is formed as a prirnaiy 
product which rapidly decomposes, 

W, Schmid obtained a similar product by shaking cupric sulphate with recently 
precipitated manganese hydrated dioxide, or lead dioxide, but L. MoseT says 
manganese or lead peroxide forms no copper dioxide under these conditions; 
nor could L + Moser make the dioxide by the action of chlorine or bromine in 
alkaline soln,, although there is evidence of the formation of an unstable dioxide; 
ozone was found to have no action on cuprie salts; and persnJphates in alkaline 
sob, did not oxidize cupric hydroxide (ride infm). B. C. Brodie obtained a 
higher peroxide by adding sodium peroxide to an excess of a cupric salt soln,, but 
L. Moser found the cupric dioxide could not be isolated because of its rapid 
catalytic drcoimposition in alkaline soln. G, Kriiss considers that B. C* Brodie’s 
product was a mixture of cupric hydroxide and dioxide, and he obtained the 
hydrated dioxide by the action of octohydrated eodiunvporoxidi^on Jtf-CuSQ* 
soln, cooled by ice-water, L t Moser obtained copper dioxide by the action of 
erone on cupric hydroxide in the presence of soda-lye—the product decomposed 
immediately into oxygen and cupric oxide. E. Bamberger suggested the brownish- 
black precipitate obtained by adding alkali to a sob, of cupric sulphate, in the 
presence of Caro’s reagent, is a hydrate of cupric dioxide. 

Analyses by L. J, Th&iard, G. Kriiss, C, AVelfczien and L. Swiontkowsky indicate 
that the brown or brownish-black microcrystallinp mass lias in the limiting case a 
composition corresponding with CuOa-H^O; G, Kriiss represents the formula 
graphically : HO.Cu.thOH. The green or greenish-brown products are probably 
mixtures of cupric hydroxide with hydrated cupric divide. The product obtained 
by the action of hydrogen peroxide on cupric hydroxide always shows a deficiency 
of peroxidic oxygen which is due either to the instability of the cupric peroxide or 
to the inclusion of cupric hydroxide. Either no precipitation occurs when sob, of 
cupric suite, alkaline sob., orammoniacal sob. are treated, or else the precipitate is 
rapidly decomposed. J, Aldridge and & P* Applebey found that when a sob. of 
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sodium cupric carbonate, in a sat, soln. of sodium carbonate or hydroearboimte, is 
treated with hydrogen peroxide, a yeitowisKbrown peroxide is immediately formed 
and most of the topper is removed from the soln. The product contains more 
oxygen than corresponds with copper seaquioxidc, but never reaches that require 
for copper dioxide* This ip due to the decomposition of the dioxide in the presence* 
of the alkaline so In. 

The product has no taste, and is without action on litmus; when dry, it is 
fairly stable, but less stable whim moist—L* J* Tl^nard's sample was completely 
decomposed after kcepir^ 12 hrs. at ordinary temperatures; boiling water decom¬ 
posed it immediately. The decomposition is accelerated by the presence of cone* 
alkali-lyc. The dioxide was found by L, J, ThGnard to be decomposed below 100° 
into oxygen and cupric oxide ; G. Kriiss found that the samples he prepared did 
not change colour at 170° in 10 hrs,, but at ISO 5 decomposed to cupric oxide ; 
L. Moser found that specimens with a trace of ether may decompose explosively 
when heated. The compound is insoluble in water; readily soluble in dil, acids, 
forming cupric salts and hydrogen peroxide, and tho evolution of a little oxygen. 
With cone, hydrochloric acid oxygen and chlorine are given off; and with dd. 
hydrochloric acid, in the presence of copper, gold, or mercury, (1 Wcltzien obtained 
very little oxygen, but there was formed respectively cupric, auric, or mercurous 
chloride. L. Moser found that with finely-divided platinum oxygen is evolved ; 
a sole, of potassium permanganate is decolorized; and it acta catalytically on a 
neutral or alkaline sola, of hydrogen peroxide, L, Moser concluded that the 
chemical behaviour of cupric dioxide resembles that of a true jHjrox’ide, although 
it may be readily a compound of cupric hydroxide and hydrogen peroxide. t 
Copper sesquioxide, or cupric anhydride, 1 This compound is not 

known in the free state* M, Kruger noticed that when chlorine is passed into 
alkali-lye in which cupric hydroxide is suspended, gas is evolved, and the soln* 
reddens owing to the formation of a higher oxide of copper. Such an oxide, how¬ 
ever, has not been isolated from these products. K. Muller and F Spitzer , 2 L, Moser, 
and F. Mawrow, working at low temp,, succeeded in separating cupric hydroxide 
from the ted soln. A trace of active oxygen was present, and this L, Moser 
regarded as a sign that the primarily formed dioxide has been almost completely 
(locumposed. J. Aldridge and M, P, Applcboy said that the pink colour js produced 
by the formation of permanganates by traces of manganese present as impurity in 
the sob I, By treating cupric hydroxide with potassium hypochlorite, E, Fremy noted 
the formation of a brown soln, which, on dilution, gave off oxygen and deposited 
cupric oxide. E, Muller also obtained the same product by the action of alkali 
hypochlorites or hypobromites on cupric hydroxide; during the reaction the colour 
changes from sky-blue to a greyish-blue, a brownish-blue, and a bluish-black; if 
the soln. is very strongly alkaline, the colour becomes carmine red, violet, and 
finally brownish-black,, W, Crum, and also M. Kruger, treated cupric nitrate with 
bleaching ponder. The oxygen evolved by the product corresponded with that 
required by tho equation: 2Cu 1J G 3 =4(MH 0 £ . Tho carmine-red precipitate 
which gradually becomes rose-coloured is assumed by W. Crum to be calcilifli 
cuprate, CaCu^, tho calcium salt of cupric add, H 2 Cu 2 0 4j which has the eon- 
stitutional formula, HO.Cu.Q.Cu.thOH, The evidence available is not sufficient 
to establish tho formula with any degree of certainty. M. Kriigor prepared barium 
CUWfcte, BaCn^Oj, in a similar manner; and T, B, Osborne made some observations 
on the cuprates of tho alkaline flkrths. J, Aldridge and M, P* Applebey said that 
the compounds with the alkaline earths are chemical individuals, and not, like 
M* Kruger's alkali compounds, mixtures with impurities. 

The rose-red coloured liquid obtained by E. Frfony during the dissolution of 
brass (low in zinc) in nitric acid is supposed to contain a higher oxide of copper* 
G. Kriiss dissolved cupric oxide in molten potassium hydroxide; when the mass 
is dissolved in water at IS 5 , a blue liquid is obtained which deposits a mixture of 
what is thought to be cupric oxide and a yellow higher oxide. The liquid is 
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stable on boiling, but is decolorized by shakifag it with the oxides of copper or lead, 
but not zinc or mercury oxide; so In. of salts of the alkaline earths, magnesium, 
aluminium, chromium, iron, cobaft, or nickel G. Kress obtained a similar product 
as a yellow precipitate by working at 0° The same product was obtained by 
*osing alkali chlorides in place of the alkali hydroxide. G. N. Antonoff and 
B* V* Malysheff found that when copper or copper oxide is dissolved in melted 
potassium hydroxide above 360°, the resulting cake, when dissolved in water and 
neutralized, decolorizes permanganate solution. The soln., however, gives no 
reaction for peroxides, and continues to decolorize permanganate when a current 
of hydrogen is passed through it. This decolorizing action is due to the presence 
of cuprous oxide, 0u a 0, formed by the dissociation of cupric oxide above 360°, 

When potassium or hydrogen peroxide is added to the soln. of copper oxide in 
potash, a red colour is first produced which vanishes quickly ; then a yellow pre¬ 
cipitate separates, which also rcdissolves, quickly reproducing the original blue 
soln,, wliich now contains no trace of either peroxide or cuprous oxide. The yellow 
precipitate is copper dioxide, Cu{XH 2 0, or CuO.H^O^, its production being a 
first stage in the decomposition of the peroxide by copper oxide. This reaction 
is vigorous only in alkaline soln. Commercial potash contains some peroxide, 
and whilst, when acting on iron, the latter is converted Into ferrous oxide, at the 
expense probably of the water present in the potash, the action on copper and also 
on silver is due to the presence of those peroxides. 

Contrary to the statement of L. Moser (rode supra), G, Scagliarini and G, Torelli 
found that the action of potassium persulphate on cupric hydroxide in presence of 
barium hydroxide at temp, obtained by cooling with ice and salt results in various 
changes in the colour of the soln, and in the deposition of a tenuous amaranth-red 
precipitate, which may be purifmd hy repeated washing with ice-water by decanta¬ 
tion, The compound thus obtained yields oxygen when treated with sulphuric 
acid, and the amount of oxygen is in agreement with the formula Cu^Og; it oxidizes 
hydrochloric acid with liberation of chlorine, oxidizes ammonia in the cold with 
production of nitrogen, nitrous acid, and traces of nitric acid, decolorizes per¬ 
manganate, and decomposes potassium iodide with liberation of iodine in quantity 
greater than that corresponding with the proportion of copper present* Since it 
does not yield hydrogen peroxide when treated with dil. acid, the compound lacks 
the grouping characteristic of peroxides, and is thus different from the orange-yellow 
copper peroxide obtained by means of hydrogen peroxide* 

R Brauner and B. Kuatna obtained an intense red coloration by the oxidation of a 
soln. containing copper and tellurium with potassium persulphate if an raccwi is used 
the colour is destroyed. The coloration is attributed bo the formation of a derivative 
of UUturocuprifrittid. By procoseos of hydrolysis, unstable dark red precipitate* of poiatfitim 
fdftmoeuprafM, 2K|OpCu a Oi.3TcO v nH i O, and 2K a O r Uu0 ll .Cu(0 J .3ToO a .?*H^>. The last- 
named product has also been obtained by the electrolytic oxidation of telluric acid in 
an alkaline hoIii., with a copper anode. Silver kHuroargfWtofo has abo.boen obtained, 
Ag t 0.5Ag,O s . WTeO, 

L. Moser thinks that cupric sesquioxide is possibly an intermediate product 
jn the slow decomposition of copper dioxide ; and J. Meyer obtained indications of 
the formation of a higher oxide by shaking ammoniacal cupric sulphate with water 
and air. The product obtained by A* V. Brocket by heating a cone, soln. of cupric 
chlorate with copper turnings is thought to be the sesquioxide, According to 
E, Miiller and P. Spitzer, an orange-yellow to r^i coloured film is obtained by 
electrolyzing with a copper anode and a platinum cathode in a porous cell, a soln. 
12 to Htf-NaOH, cooled by a freezing mixture, and^with a current density leas 
than OT amp, per sq. cm. The product is stable at a low temp* under the soda- 
lye, but it gives off oxygen and becomes white when warmed; it oxidizes hydro¬ 
chloric acid, forming chlorine; converts nitrites to nitrates; and oxidizes alcohol 
bo aldehyde. A, G* Becquerel, and P. Schmiedt have alfto studied the formation of 
the higher copper oxides during the oleeffrolysu of alkali-lye. 



oom® 


151 


t b. J.TOnord, Ann. Ohm. Pkys.^t), 9151.1S1&; G. Kr3w, B<r. t 11 25M, 1864; R Ju). 
much, ib. t 24. 3047, 1891; 30.2320, 1803; B. Brauaer and B. Kuzma, ift,, 40l 3370, 1007; 
E. Bamberger, i&., 33.1950* 1000; W- Kckmid, Joum. pmk. Chm t {]), flft. 136, I860; Cl Writ¬ 
ten, *&., 140, 207, 1866; EL Softer, ib., 328, 48, 1902; T, B. Osborne, Amtr. Joum* Mcimct, 
(3), 82, 334, 1886; L. Moser, Zttt. anory. Ohm,, 54. 127, 1907; A, Piociiu, ik, 12. 109, 1806; 

D. Vital), ML Ohm. Farm., 38, 666, 1890; B. C Brodie, Proc. J%. &*., 12, 210, 1862; 

A, Gawolowaky, FumUch., 4. 70, 1860; L. Swioutkowsky, Liebig's Ann, t 141. 206, 1867; 

E. Mliller, Zei(, ftnorff, Chen t., 64. 418,1917; J, Aldridge and At. P, Applebey, Joiwt*, GAew, £oc., 
121, 238, 1022, 

2 E. Jliiller and F. SpitBer, Zeit. KhJcirfKhm r 18- 26, 1007; El Muller, ik t 18. 133, 1007; 
ZeiL amwff, Chm t 64. 417, 1007; P. Mawrov, tf., 33. 233, 1900; Ll Maser, ib ,, 54 121, 1007; 

B. Bwmer and B, Kuzma, tfer., 40. 3362, 1907 j El Fr6my, Ann. Chm. Phye. t (3} t 12. 457, 
1844; M, Kruger, Pogy. Ann., 62. 447, 1844; W, Crum, Liebigs Ann., 66. 213, 1346; Mem. 
Ohein, Sue., 2. 387, 1846; Phil. May., (3), 27. 294, 1846; p*> e. Phil. Sac. Gbwgow, 2, 68, 1848; 
J. Meyer, far., 36,3966,1902; G. Ktitew, tfr., 17* 2607, 1884; O. K. Antmiofi :md R V. Malyaheff, 
Jpurn. Bum. Pht/s, Chm tfac., 38. 884, 1606; A. V. Brochot, Ball. Soc. fUiw., [3), 29. 156, 
1903; Cvmpl, tend., 136- 165, J9U3; Zeit. KUktrochm, 9. 100, 1903; F. Schmiodt, ik, 16. 53, 
1008; A. C, BocqnciniJ, Compt. Bend., 71. 107, 1870; G Soagliarim and G Ttirdli, Gan. Vhim, 
ItiU., 61. ii, 226, J02l; T. B. O-ibome, Amur. Juum. Science, (3), 32.334. 1886; J. Mdllor, Compi, 
M.lff7.770, 1618; J. Aldridge and M. P. Appleboy, Jattm, Ohm. tioc. r 131. 238,1922. 


$ IS. Cupric Ammino-oxides 

L. Mnumene 1 says that it is very doubtful if a definite compound of ammonia 
and cupric oxide has boon prepared, although R. Kano claimed that when aqua 
ammonia, not in excess, ia added to a soln. of cupric chloride, a blue precipitate 
resembling hydrated cupric oxido ia obtained. This precipitate ia said to be catty 
to wash, and not to lose ammonia on drying; it undergoes no change at 140°, 
but at a somewhat higher temp., it decomposes with a slight hissing noise, 
yielding nitrogen, ammonia, water, and a red mixture of copper and cuprous 
oxide. No chlorine appeared in the analysis which agreed with the formula: 
3 CttO. 4 NHg.GH 3 O, that is, hex&hytirated tricupric tetrammino-Oiide. From their 
study of the soln. obtained by digesting freshly precipitated cupric hydroxide in 
aq, ammonia* H, M. Dawson and J. McUrae believe that a dissociating compound, 
cupric diawmno-mide, Cu0.2NH 3 , or cupric diammino-hjdnmde, Cu(OH) 3 .2NHg, 
is formed, which ionizes, forming Cu(NHg) 2 ' and OH'-ions, i.e , CufOHb+iJNHg 
^Cu{NH 3 V , -f(OHV', The work of W. Bonsdorff on the electrical conductivity of 
soln. of cupric hydroxide in aq. ammonia points in the same direction when only a 
small excess of ammonia is present; but with a large excess of ammonia, the complex 
is probably Cu(OH)o.4NH 3 , cupric tetrammino-hydroiide. F. J, Malaguti 
and M, Sarzeau claim # to have obtained large azure-blue deliquescent needles of 
tetrahydrated cupric tetrammino-oxide, Cu0.4NH 3 ,4H E 0, by cooling the mother 
liquid obtained in the preparation of cupric ammino-chromate. The crystals are 
said to be decomposed by water, and by exposure to air; and when heated, to gifle 
off water and ammonia, and leave a residue of coppbr. 

From his study of the heat of neutralization, W. Bonsdorff estimates cupric 
ammino-oxido to be a stronger base than either of its components, and to be weaker 
than silver or cadmium oxides, but stronger than zinc oxide. A. Bouzat found that 
it displaces ammonia from its lalts, it precipitates calcium oxide, and enters into 
competition with potassium hydroxide for the acids. For the heat of formation 
in soln, containing two mob. of ammonia per litre, CuG (precipitated)-|-28NH 3 
(in soln.)“CuO, 26NHg (in f4 litres of sola.)+4*3 Cab.; and the heat of neutraliza¬ 
tion of Cu0.28NHj in 14 litres of soln. with two mob. of acid in 4 4 litres* is 35*5 Cab. 
for sulphuric acid; 32'1 Cab. for hydrochloric acid; 31'8 Cab, for nitric acid; 
*nd 30'0 Cab. for aoetic boid. Variations in the cone, of the ammonia or of the 
soln. have very little influence on the heafrof neutralization- 
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An a^uro-blue soln. of cupric amtnino-oxide is formed by exposing the soln. 
of cuprous ammino-oxide to air, the colourless soln. then becomes blue as recorded 
by T* 0. Bergman 11 in the eighteenth century. The same &oln. was made by 
B. M, Bfehgot, E. Schweizer, and othm by exposing copper fringe to the action 
*oi &q. ammonia and air, J, 3, Vl. A, Yermeesch has described a continuous 
process. An ammoniacal soln, of cupric oxide is often called Schmizer’s 
reagent, or Schweizer’s liquid ; a soln, of copper hydroxide in alkali-lye has 
many similar properties which were studied by W. Traube. According to 
C, F, Schdubcin, some ammonium nitrite, and, according to F* J. Malaguti and 
M, Sarxeau, some ammonium nitrate is always formed at the same time ; while 
M + Berfchelot noted that oxygen is absorbed by tho soln. Several patents have 
been obtained for tho process— e.g. Socicte Anonyme dc Bruxelles, E. Bronnert, 

M, Frcniery, and J. Urban, C, L, and A, Schaffer, etc, The same soln. js obtained 
by treating cupric oxide or hydroxide with aq, ammonia, J. J, Bersseliua says that 
if all acids, even carbonic acid, be excluded, tho aq. ammonia dissolves scarcely 
a trace of the anhydrous oxide, but if a drop of a soln, of an ammonium salt be 
present, cupric oxide is copiously dissolved, E. Schweizer found tho soln. is pro¬ 
moted by adding some ammonium chloride to the aq, ammonia, and H, Kopp found 
that platbic chloride acts in the same way. The liquid no doubt contains one or 
more cupric ammino-oxidcs. W. Bonsdorffs investigation on the electrical con¬ 
ductivity agrees with the assumption that the liquid contains a complex with 
ammonia and copper in the molecular proportion 4:1, and A, Hantzseh and 
P, W, Robeftson’s investigation with the spectral photometer likewise indicates 
thaj the non-isolatcd base has the composition [Cu(NH 3 ) 4 ](GH) 2 . M, Prud'hommc 
obtained the blue liquid by treating copper with ammonium nitrate in tho presence 
of aq. ammonia; and H. M, Dawson and J. McCrae by using cupric oxide or nitrite 
with aq. ammonia and air, and they add that ordinary cupric oxide appears to be 
dissolved more easily than the oxide obtained by precipitation. W, Bonsdorff 
found that cupric hydroxide which has Wn dried dissolves less readily than the 
fresh and moist hydroxide. A, Fioment patented the use of aq, ammonia sat, 
with nitrogen, which it is claimed dissolves cupric oxide more quickly than when 
free nitrogen is absent. A. Lecumr, and E, Grimaux recommend removing the 
nitrites and other crystallizable compounds from the soln, by dialysis. W. Bonsdorff 
recommends removing the excess of ammonia by keeping the soln. in vacuo over 
cone, sulphuric acid—hydrogen and air freed from carbon dioxide act too slowly, 
nor is there any advantage in shaking out with chloroform, 

E. Grimaux says the soln. is colloidal, aud A, Lecoeur adds that if only colloids 
are present, as is the case when the product has been dialyzed, the liquid does not 
change at ordinary temp. According to A. Bouzat, the blue liquid gradually 
changes on exposure to air into cupric nitrite and carbonate. H. M. Dawson 
and J. McCrae say that a (>08V-soln. containing the, molecular proportion 
CuO: NH 3 ~1: 7, gradually deposits cupric hydroxide. When El Schweizor’s 
liquid is diluted with a large proportion of water, cupric hydroxide is deposited; 
alsoln, of potassium hydroxide likewise precipitates the same compound, and more 
is needed for the precipitation the greater the excess of ammonia in Schweixer’s 
liquid. According to A. Bouzat, the potassium and ammonium hydroxides attain 
a state of equilibrium in competing for the complex acidic radicle; on boiling the 
liquid with potassium hydroxide, black cupric oxide is precipitated. Almost all 
the copper was found by A, Vogel to be precipitated as reddish-brown cuprous 
oxide by treating Schweizeris liquid with sulphur dioxide . According to 

N. W. Fischer, phosphorus decolorizes the blue soln., forming metallic copper, 
along with a compound of ammonia and cuprous oxide,*and, according to A. Gppen- 
heim, a little copper phosphide. Zim and cobalt precipitate the copper; iron 
precipitates the copper imperfectly; arsenic, (in, and cadmium precipitate very 
little copper ; and lead precipitates mere traces of coppbr. G. Wetzlar says iron 
exerts no action on the pure soln,, but there is a slow precipitation of copper if 
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ammonium Of sodium chloride, or potassium nitrate or sulphate* be present, A 
large excess of ammonia prevents the precipitation* According to M. Prud'homme, 
indigo Holn, arc bleached by Schwcbcris liquid. G. Roaset found it to he deoxidized 
when used as depolarizer in a galvanic cell, and to be reoxidized by exposure to air. 
When electrolyzed it also gives metallic copper. 0, R, A. Wright and C. Thompson 
found that if a copper plate be dipped in the ammoniacal soln.* and connected 
electrically with a platinum plate, a current of from 0'5 to 0 6 volt is obtained ; 
the voltage is higher if spongy platinum bo used, and also higher the greater the 
cone, of the ammonia, W, Traubc and A. Biltz found that ammonium nitrite is 
formed during electrolysis, C. E, Guignet found that sugar soln. do not precipitate 
the copper and that starch and inuline abstract cupric oxide from the soln. 

E. Schweizer showed that unlike eau celeste —a soln. of cupric sulphate in an 
excess of ammonia—the liquid dissolves cellulose at ordinary temp, without the 
development of heat. The action has been studied by E. M. P^ligot, C. Cramer, 
0. L. Erdmann, M. Payen, A. Haller, W. MinnjefT* E. Frciny, J. SchloBsberger* 
W. Maasot, H, Baubigny, E, Grandniougin* etc,; and it has been the subject of 
numerous patents—by J, P, Bcmborg, H. Pauly, E. Krusche, etc. The addition 
of acids, sugar, or gum re-precipitate tire cellulose. E. Wintcrstein found that 
E. Schweizoris liquid dissolves animal cellulose— e.g, tunicine; G. Biittncr and 
J. Neuman, C. G. Schwalbe, that it dissolves liydroeellulose—but E. Bronnert 
said not so; W. von Bong£ that it dissolves nitrocellulose ; C, Gramer, inuline 
and gum arabic; 0, Popp, inuloid; and A. Helbronner and E. A. Vallfe, 
osseino. J. Schlossbcrgor said that it does not dissolve gumeott&n; E. Framy* 
nor paracellulose, vasculosc, fibrinc, and cutinc ; F, A. Fliickiger and 0* Ober- 
moier* nor Irish moss; W, Meigen and A. Sprang, nor yeast-cellulose. E. Thiele 
obtained soln. of cupric oxide in alkylamines^.#. methylamine—which dissolved 
cellulose. 
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§ 11 Copper Fluorides 

According to H. Moissan, 1 fluorine gas acts on copper at a dark rad heat forming 
white clouds of cupric fluoride, but anhydrous hydrofluoric acid, according to 
C + Poulenc, has scarcely any action on the metal. There arc two definite fluorides 
—cuprous fluoride, CuF, and cupric fluoride, CuF 2 , 

Cuprous fluoride* CuF—J. J, Berzelius (1824) 2 prepared a compound which 
he regarded as cuprous fluoride by the action of an excess ef aq. hydrofluoric acid 
on cuprous hydroxide; the very sparingly soluble salt was rapidly washed with 
alcohol, pressed, and dried. C. Poulenc (1892), and F, Mauro (1892) were unable to 
make cuprous fluoride by this process, for they obtained metallic copper and a eoln. 
of cupric fluoride which does not reduce potassium permanganate j they therefore 
consider that J. J. Berzelius’ produc t was nothing but cupric fluoride and the metal: 
SCuOH-f-SHF^HjjO+Cu+CuF^. F. Mauro could not obtain this salt by passing 
a stream of hydrogen fluoride and carbon dioxide over heated cuprous oxide ; nor 
did A, G, Betts make it by the action of copper on cupric fluoride. C* Poulenc, 
however, prepared cuprous fluoride by the action of hydrogen fluoride on cuprous 
chloride heated to dull redness; the action is complete only when the temp, is 
between 1100° and 1200*, and near the volatilization temp, of cuprous fluoride* 
The some compound is obtained by heating anhydrous cupric fluoride to 600° in 
a stream of hydrogen fluoride, and then raising the temp* between 1100° and 1200° 
towards the enTl of the operation. 

Cuprous fluoride forme a ruby-red crystalline mass which, according to 
T* Carnelley, melts at 908*; and, according to 0, Poulenc, sublimes between 1100° 
and 1200* to a dusty red powder. Cuprous fluoride is stable in dry air* but in 
ordinary air, it is converted into cupric fluoride, and the mass acquires a blue 
colour ; the conversion is much more rapid in contact with water, in which men¬ 
struum, says 0, Poulenc, cuprous fluoride is insoluble. Cuprous fluoride is insoluble 
in alcohol at 90*; it is insoluble in hydrofluoric acid ; but soluble in cone, hydro¬ 
chloric acid, and, according to C, Poulene, unlike cuprous chloride under similar 
conditions, it is not precipitated when the soln. in boiling cone, hydrochloric acid 
is diluted. J, J, Berzelius says it is precipitated, but he was possibly dealing with 
a mixture containing some cuprous chloride, not fluoride. Cuprous fluoride is 
only slightly attacked by sulphuric acid, even when heated; but nitric acid acta 
energetically with the evolution of nitrogen oxides* Heated in air, cuproua fluoride 
is converted into the oxide, and it is easily reduced by hydrogen at a red heat* 
At 400°, it forms cupric oxide, and hydrogen fluoride with water vapour; cuprio 
sulphide with hydrogen sulphide; and cuprous chloride with hydrogen chloride* 
When fused with alkali carbonates it is converted into alkali fluoride and cupric 
oxide* 

Cupric fluoride, CuF fi *—H. Moissan 3 made this salt by the actio it of fluorine 
on metallic copper; A. G* Betts, by the action of finely-divided copper on ferric 
fluflride ; C* Poulenc, by the action of hydrogen fluoride on cupric oxide at 400°, 
and by the action of hydrogen fluoride on dihydrated cupric fluoride, CuF £ 2H 3 0, 
below 500*. An amorphous powder is obtained by fusing dihydrated cupric fluoride 
with ammonium fluoride at 260° in a stream of carbon dioxide to remove the excess 
of ammonium fluoride. This powder readily becomes crystalline when heated in 
a stream of hydrogen fluoride to 500*. A* Pochettino found the order of activity 
for the photoelectric effect with the cupric halides is Cul a , 39; CnBr 2 , 32 ; CuCl £j 
20; CuF 2l 3. The order of increasing stability is the order of decreasing photo¬ 
electric effect. 

Cupric fluoride forms small white crystals which on exposure to moist air 
become blue owing to the absorption of water; the crystals likewise become blue 
when placed in ether or alcohol containing traces of water 1 . The salt is soluble in 
water, and in hydrofluoric, hydrochloric, onnitric acid; with hot sulphuric acid it 
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forms cupric sulphate. When heated above 500°, cuprous fluoride is formed; 
the dissociation: aCuF^SCuFH-Fjj, is not complete below 1100°. Cupric fluoride 
is completely converted into cupric oxide when heated in air to 30G C ; and it is 
* readily reduced by hydrogen; water vapour converts the hot fluoride into hydrogen 
fluoride and cupric oxide ; sulphuric acid, into cupiic sulphate; and hydrogen 
chloride, into cuprio chloride. J, Schroder found cupric fluoride to be soluble in 
pyridine; A. Naumann, soluble in ethyl acetate; and G, Gore, insoluble in liquid 
ammonia. N. G, Chatterji and N. fi. Dhar found that cupric fluoride is not 
peptized by sodium hydroxide soln. in the presence of glycerol or sugar, 

Dihydrated cupric fluoride, CuF^HjO.—Blue crystals of this salt were made 
by C, W. Scheele, 4 by J. L. Gay Lussac and L, J. Th&nard, and by J. J. Berzelius 
by evaporating the blue soln. obtained by treating cupric oxide or carbonate with 
an excess of hydrofluoric acid. According to J. J. Berzelius: 

II the copper carbonate be treated with hydrofluoric acid, it will dissolve with offer* 
veaccnce, but a salt is soon precipitated as a heavy powder % if the addition of carbonate 
be continued, the effervescence continues, and the salt already formed decuuipoeos, 
especially if the mixture be warmed, and a pulverulent basic salt is produced. If the addi¬ 
tion of carbonate be discontinued before the basic salt is fanned, and the sdn. evaporated, 
a crystalline crust is formed. ... In this process, the excess of acid contained by the 
dissolved salt is given off. If the crystalline salt be covered with a small proportion of 
water, and allowed to stand at room temp, for a long time, a sat. soln. is obtained which 
deposits crystals of the same salt on avaporation \ but if the mixture is heated to the b,p, 
with a laigo proportion of water,' the salt is decomposed, part dissolves in the liberated 
acid, and part remains undisaolvad as a basic salt. * 


L. -Balbiano obtained J. J. Berzelius’ dihydrated fluoride by treating the blue soln. 
with 115 per cent, alcohol; washing the precipitated crystals with hot alcohol; 
and drying them over cone, sulphuric acid in vacuo. J. J, Berzelius’ analyses of 
the crystals correspond with CuF 2 .2H 2 0. 

E, Bohm evaporated a cone. soln. of cupric oxide or carbonate in hydrofluoric 
acid, in vacuo over sulphuric acid, and obtained pale-blue monoclinic pleochroic 
crystals of hydrated cupric pentahydroheptafluonde, 0uF Zh 5HF.5H 2 O, or, more 
probably CuF 2 .5HF.6H 2 0. F. H, Edmister and H. C. Cooper preferred to make 
the fluoride with cupric hydroxide because it reacts faster thin the carbonate. 
The soln, precipitates a basic salt on standing exposed to air, but the product 
redissolves in more acid. If the soln. be evaporated slowly, small irregular blue 
crystals are deposited, but if evaporated quickly, a clear crystalline crust appears; 
both products have the same composition—GuF^E^O, These crystals are 
sparingly soluble in water, and a white crust forms on the surface, but if dissolved 
in an excess of warm water, and evaporated, well-defined prismatic monoclinic 
crystals of hexahydrated cupric penfcahydroheptafluoride, CuF 2 ,5HF,6H£0, are 
formed. The refractive indices are a=l + 395; £=1'440; y=T444; and the 
crystals are* not isomorphous with those of the analogous salts of cobalt, nickel, 
and manganese. These crystals are very soluble in water and dil. acids; they 
effloresce rapidly and lose hydrogen fluoride when exposed to air; when heated, 
they lose water and hydrogen fluoride, and, as E. Bdhm showed, are converted 
into oxides—it is assumed that hydrogen fluoride is lost first, and that the water 
of crystallization hydrolyzes the cupric fluoride. 

According to E. Peterson, the heat of neutralization, CujOHJj-l-SHF^SO'lT * 
Cals.; and in dil, soln., the Hfeat of formation, Ou+Fa+aq^CuFjaq.—SS'fl Cals. 

M, Berthefot found the heat of the displacement of chlorine hy fluorine in soln. of 
cupric chloride to he 27T Cals. The blue crystals of dihydrated cupric fluoride 
pass into the oxyfluoride after standing some days. The crystals are very soluble 
in water. A. Joger noticed the solubility is diminished by the addition of alkali 
fluorides. This is taken to prove tho non-existence of complex fluorides. The 
aq. soln. is hydrolyzed, And a basic salt or an oxyfluoride is precipitated, 

The basic salt, prepared as described above by J, J, Berzelius, corresponded 
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with hydrated cupric oxyfluoride, CusOF^H^O, or cupric hydroxyfluoride, 

Cu(OH)F. L. Balbiano attempted to make cupric fluoride by the double decomposi¬ 
tion of cupric sulphate and potassium fluoride, but obtained instead a eoln* of 
potassium cupric sulphate, KgCujSOiJu, and a greenish-white precipitate of the 
oicyfluorid©: 2KF+2CuS0 4 +H a 0—(hiK 2 (S0 4 ) a -hHF+Cu(0H)F. L. Balbiano 

also made the same compound by heating cupric Jftuosilicate, CufiiFfl.GH^O, above 
100°, When this oxy fluoride is heated in air, it passes into cupric oxide. H. Moissan 
obtained a black mass of wbat was regarded as the anhydrous oxyfluoride, Cu^OF^ 
or CuO,CuF 2 , by the action of fluorine on copper oxide or sulphate at a red heat, 

L, Balbiano’a attempts to make an ammino-fluoride were not successful, for 
although he fbund that ammonia is absorbed in accord with: CuF 2 .2H 2 CH-2NH 3 
—CfuFg(NH 3 )2+2H 2 0 > the oxyfluoridc was always obtained. Similarly, if ammonia 
he conducted over hydrated cupric oxyfluoride, Cu 2 OF 2 .H 2 O h or hexahydrated 
cupric fluosilicate, CuSiF 0 .6H 2 O, much ammonia is absorbed, and hydrated cupric 
tetranumno^oxyfluoride, 0u 2 OF 2 ANH 3 .H 2 O, is formed. This compound may also 
be formulated as cupric dianmino-}iydroxyjlw)ridc t Cu(OH)F,2NH 3 , so long as the 
mol. wfc, is unknown. The aq. scln. may give a precipitate of hydrated cupric 
oxyfluoride when treated with alcohol; or when the alcoholic soln. is heated to 
about 50° \ or when the aq. eoln* is eva]>orated to dryness. 

H. von Helmholt 6 has prepared double fluorides of copper with ammonium, 
potassium, and rubidium. The salt, CuF^Nl^F^HgO, i.e, dihydrated ammonium 
cupritetrafluoride, (NH 4 ) 2 CuF 4 .2H :1 0 ) was obtained as a blue crystalline powder 
by the slow' evaporation of a cone* soln* of ammonium fluoride almost sat* with 
freshly precipitated cupric hydroxide ; or eq. quantities of the two carbonates 
in a farge excess of hydrofluoric acid. The double salt is almost insoluble in water, 
and decomposes in contact with water into an insoluble white powder and soluble 
ammonium fluoride. It docs not appreciably attack glass, but, according to J. Haas, 
it dissolves ferrosilicon, developing a gas—possibly H 2 SiF 0 —with the separation of 
copper; it has but a slight action on 80 per cent, ferromanganese. The ammonium 
cupritrijluoride, CuF 2 NH 4 F.2JH a O s was made as a sparingly soluble bluish-white 
powder by mixing oq. quantities of copper and ammonium carbonates in hydro¬ 
fluoric acid ; or copper carbonate in an acid soln* of ammonium fluoride; or by 
treating an acid soln. of cupric fluoride with ammonium carbonate or aq* ammonia. 
Potassium trifluorocuprate. CuTVKF or KCuF 3> and rubidium trifluorocuprate, 
CuF 2 .RhF or RbCuF 3 , wore similarly prepared* 
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§ 15. Copper Chlorides—Oaproua Chloride 

In his paper, Sur fej muriates de cm ivre verd ei Mane (1804), J. L. Proust 1 recog¬ 
nized two distinct forms of copper chloride, and these are the two typical chloridls 
of copper which, in to-day's nomenclature, are called cuprous chloride, CuCt; and 
cupric chloride, CuCI-j. Attempts have been made to establish the existence of 
two others—copper subchloridc, Cu 2 Cl, and cuprosocupric chloride, CuCl.^CuGl a -’ 
but neither of these his been isolated in a pure state, and the evidence in both 
cases is somewhat dubious in the absence of a decisive test for a chemically homo¬ 
geneous individual 

E. WohlwiH 1 claimed to have obtained indications of a copper tuhchforidn of unknown 
composition by the aloctrolyaiii of hydrochloric ncid with copper anodes, When a soln. 
of cuproua chloride in a cone. soln. of sodium chloride is treated with an excess of aqua 
ammonia, and the filtrate is allowed to stand lor some days, a pale blue precipitate free 
from ammonia is deposited, which when pressed and dried over sulphuric acid, is claimed 
by AL Biowert to have the composition iCuaCLCuCfa.IOHjO. J. if, Gladstone and A. Tribe 
also claim to have obtained indications of tho formation of a subchloride by the action of 
a cupper*silver or copper-platinum couple on a soln. of copper sulphate containing a 
chloride. 

Cuprous chloride was first made by Robert Boylo,3 in the middle of the seventeenth 
century, by heating Venetian subli)mte —mercuric chloride—with copper plates in 
a retort. He noticed the formation of mercury, and that the plates were covered 
with a white crust which on further heating melted to a brittle mass, which, said 
be, “I can compare to nothing more fitly than a lump of good benjamin/' and, 
again, to a ft metalline gum.” This product was later called Boyle’s resina cupri, 
and cuprum guutmatosum. In modern symbols, Boyle's reaction is symbolized: 
HgCl^+aCu—aCuCl+Hg, J. L, Proust prepared cuprous chloride by the action 
of fstamous chloride on cupric chloride, and he called it w shite muriate of copper, 
and J h Davy called it cupmne in contrast with cupranea applied to cupric chloride 
in accord with a nomenclature suggested by K Davy. 

Cuprous chloride occurs in Chile as the mineral mntohite, or mnioquite, which 
is white or water-clear, and has a sp< gr. 3 93, and hardness 2 0^2 5. A. Lacroix* 
also found it in the fumaroles of Vesuvius in 1906* 

The preparation of cuprous chloride.-1. % the cidorination of copper or 
copper oxides Copper foil or finely-divided copper, obtained by reducing the 
heated carbonate in a stream of hydrogen, burns in chlorine gas at ordinal^ temp., 
forming a mixture of cupric and cuprous chlorides” tho former can be removed 
by washing tho mass with water acidified with a little sulphurous acid. According 
to H, Gautier and & Charpy, 5 liquid chlorine confined in a sealed tube along with 
a copper olato very* slowly attacks metallic copper at 15°* Hydrogen chloride 
when dry does not act on copper at ordinary tamp., but, according to M. Ribalkin,* 
the reaction proceeds slowly at 92 ff , and fairly rapidly at 230°- There is a condition 
of equilibrium: 20u-j-2HCI^2CuCI+H 2 , at 23G P , 93 per cent, of the hydrogen 
chloride is decomposed; at 440°, 66 per cent* With hydrogen and cuprous chloride 
at 230°, about 5 per cent, of hydrogen chloride, is formed, and at 440°, about 
3G per cent* According to M* Berthelot, the reaction proceeds more quickly if 
oxygen he present* 

J- L, Proust 7 noticed thht when a copper plate is immersed in hydrochloric 
acid, exposed to the air, it is soon covered with small white tetrahedral crystals of 
cuprous chloride. A* C. ^nd A, E, Becquerel recommended sinking some charcoal 
with the copper in the acid. If hydrochloric acid he in contact with copper while 
exposed to air, the liquid becomes greenish-blue, and copper is gradually dissolved 
as cuprous chloride, and according to W, Odiing, hydrogen is formed* If an oxidising 
agent—c.#, citric acid, or potassium chlorate—he present, copper is rapidly dissolved 
by none, hydrochloric acid at 7Q°-d(F- The brown liquid first formed is soon 
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decolonized. On cooling the soln., crystals of cuprous chloride are deposited, and 
when water is added to the soln. more cuprous chloride is precipitated. The 
precipitate can be washed by air-free water, or better, with water acidified with 
sulphurous acid* This process is recommended by S. Lupton. 8 Copper can also 
Be chlorinated to cuprous chloride by treatment with a dil. soln. of ferric chloride 
or of potassium chromate in hydrochloric acid as recommended by H*-V. Regnault, 
J, L* Proust, and R. Chenevix made cuprous chloride by dissolving cuprous oxide 
in hydrochloric acid under conditions where access of air was prevented. H, Schwarz 
used a solution of sodium chloride in place of hydrochlofic acid* K. Heumann 
added a mixture of cupric oxide with half its weight of zinc-dust, in small quantities 
at a time, to hydrochloric acid. Tf a mixture of cupric oxide and ammonium 
chloride be pounded together in a mortar, or if strongly compressed, W. 0* de Coninck 
and L, Arzalier found much cupric chloride is formed and ammonia evolved. 
W. Stahl converted cupric oxide or carbonate into a mixture of cupric and cuprous 
chlorides by treatment with a solution of ferrous chloride. C. E. Baker and 
A. W, Burwell prepared cuprous chloride by passing tho vapour of sulphur chloride, 
SCla, over heated cupric sulphide. 

2* By the reduction of cupric chloride .—As J, L. Proust 9 showed in 1799, when 
cupric chloride is heated to redness in the absence of air, it loses half of its combined 
chlorine, and forms cuprous chloride. J. L. Proust removed the unconverted 
cupric chloride by washing with water. A dil. soln. of sulphurous acid is better; 
thus, F. Wohler (1864) and M. Rosenfeld (1879) recommend the following procedure : 

Admixed aoln. of 20 gnns. of ouprio Hulphate and grins. of potassium, eodium, or 
ammonium chloride in 309 c.c. of water is &at. with sulphur dioxide when cuprous chloride is 
slowly deposited ad a white precipitate—an excess of sulphur dioxide retards the precipitation 
so that when the dear coin. is boiled to expel the excels of sulphur dioxide, a further quantity 
oE cuprous chloride is deposited. The salt is purified by first washing it with sulphurous 
acid, then with glacial acetic aoid, and finally drying it pressed between folds of filter 
paper, or porous tiles, in a warm place. 

Cuprous chloride cannot be washed with water without decomposition, for as soon 
as the excess of acid is removed, a reaction : 8CuCH-0 a i-"2Cu ! ,0-[-4CuCl flj begins 
in the presence of air, and this is rendered evident by the orange-red coloration. 
Indeed, the cuprous chloride can be completely decomposed by this treatment, 

J, L. Proust exposed a mixture of ether and a soln. of cupric chloride to sunlight; 
a colourless liquid was obtained which by cooling or by treatment with water 
furnished cuprous chloride. Various reducing agents have been employed for 
reducing soln, of cupric to cuprous chloride—for example, J, Nicklts used a soln. 
of phosphorus in carbon disulphide ; P. Kubscb, phosphine \ L, P. de St* Gilles, 
W H Wardlaw and F. W, Pinkard, F. Wohler, and M. Rosenfeld, sulphurous acid 
or a sulphite ; A* C&vazzi, sodium hypophosphite; J, L. Proust, stannous chloride; 

K, Heumann, zinc ; J. L, Proust, copper turnings or filings ; E. Vigburoux, and 
J* B. Senderens, aluminium; S. B. Newbury, powdered silver; A, Purgotti, 
hydmrine sulphate; W. Lessen, A. Angel, and E* Pochard, hydroxylamine 
chloride; J* V, Kohischlitter, acetone; V, Thomas, and E* Pechard, nitric oxide, 
or nitrogen tetroxido; F. C, Phillips, methyl hydrosulphide; and E. Postel, 
sugar. Numerous other organic substances have been used. The more usual 
process of preparing cuprous chloride is to reduce the cupric chloride with copper 
as originally done by J. L* Proust. The following is baaed on M. Grogeris 
process to; 

- Dissolve 42 gras, of crystalline cupric chloride in 200 c*o, -of hydroddorio arid {sp, gr, 
1-170) mixed with 100 o.c* of water, add say 25 gnna, of copper turnings, and warm the 
mixture on a water-bath until the dark colour haa disappeared. Pour the clear liquid 
into a vewel containing two litres of cold water acidified with a little sulphurous acid* The 
white cuprous chloride which is precipitated is collected by means ol a auction filter and 
washed with dil. sulphuric acid (1:20), and then successively with absolute alcohol and 
with ether. Dry the product m a hot-water ovta. Yield, 22-23 gnu*. 
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Xflgfoad of using a eoln, of cupric chloride, an eq. mixture of Bay' cue mol. of cupric 
sulphate with two mob. of eodium chloride, can be employed as recommended 
by G, Denigfce, F. Wohler, etc. Potassium or ammonium chlorides can abo be 
used in place of the eodium salt. ^ 

Cuprocupnc chloride 'is said il to be pi^ent in the brown-coloured solo, formed when 
cuprfc chloride in acetone lb allowed to trtand \ when a hydrochloric acid spin. of cuprous 
chloride is oxidized ; when sn aq. boIil of cupric chloride is reduced cm or at the cathode; 
when an aq. soln. of cupric chloride is obntrglyzod. There is every sign that the alleged 
cuprocupric chloride is a fixture of the two chlorides 

3, By the electrolysis of of copper chbride. —According to R. Bottger, 1 * 

during the electrolysis of a soln. of cuprous chloride in hydrochloric acid with copper 
anodes, small white crystals of cuprous chloride are deposited on the anode. By 
electrolyzing a aoln. of cupric chloride, with a copjier anode and platinum cathode, 
cuprous chloride is deposited on the latter, and copper b dissolved from the former; 
it both electrodes are of platinum, cuprous chbride is deposited on the cathode, 
and chlorine is given off at the anpde. 

The properties d cuprous chloride,— Hot soln. of cuprous chloride in hydro¬ 
chloric acid on cooling furnish small hexakis-tetrahedral crystals belonging to the 
cubic system. 13 It. W. G. Wyckoft and E, Posnjak found that the X-radiOgrami 
correspond with the double faoe-oentred cubic lattice of the zinc sulphide class 
with the sides of the cube 5 49 A., and the nearest distance of the ,atoms 2'32 A. 
L. Bourgeois made the crystals by passing sulphur dioxide into a soln. of cupric 
chbride; A. C, Bccquerel, by the action of metallic copper on a soln. of sertium 
chloride ; and R, Bbtfgcr, by the electrolysis of soln. of copper chloride. The 
specific gravities which have been published 14 range from L. Playfair and 
and J, P, Joule’s mean 3 53 to H, Schiffs 3 70 for the artificial crystals, and 2 67 77 
for the fused salt; It, W. G. WyckofT and E, Posnjak gave 4‘136 at dtfjl*. 
P. Walden, and If, A. Henglein studied the mol. vol, of the cuprous halides. 

J. L. Proust noticed that cuprous chloride melts bebw a red heat, without 
decomposition, and T, Camelleyb Ui vftlue for the melting point is 434° + 4 fl ; 
X. Monkomcycrb value is 4iil*; G. Foma and (J, Gabbi’s value, 415°; C. Sandon- 
ninib value, 422°; and L. Graetz’s value, 440 s . C, Sandonnmi finds that the thermal’ 
analysis of mixtures of cuprous and lithium chlorides—melting respectively at 
602 s and 422 s —shows the existence of two species of mixed crystals, with a gap of 
miscibility extending from 25 to 55 mob. jier cent, of CuCl. The fusion curve 
has a minimum rich in cuprous dibride, corresponding with 80 mob. per cent, of 
cuprous chloride. C. Sandonniui, P. de Oosarb, and G. Foma and G. Gabbi find 
that cuprous chloride forms a eutectic with sodium chloride at 314* with nearly 
75 mob. per cent, of cuprous bromide. With potassium chloride tJierc are two 
arrests in the fusion curve with cuprous chloride—vw, 136° to 142° and 226 s to 
236°. The former represents the eutectic temp. with, just over 65 mob, per cent, 
of cuprous chloride; and a compound CuGl,2KCl is formed which dissociates, at 
226°“236°. With rubidium chbride, there are three arTcsts in the fusion curve: 
(i) a eutoctic at 150°; (ii| one corresponding with the dissociation of the compound 
2Rb€1.3CuCl at 190 s ; and (iii) one corresponding with the breaking down of the 
compound SRbCl.CuCl at 250 s . T, Carndby and W, C. Williams’ value for the 
boiling point is 9G4M064 0 . It has long been known that in melting copper con¬ 
taining chlorine the fumes evolved may interfere with the charging, or drive 
workmen from the building. The flue-dust from furnaces melting copper with 
but traces of chbrine, # may yield up to 15 per cent, cuprous chloride, 
3. Skowronsky and K. W. McComas have shown that any copper-leaching process 
which gives chlorides either from ore or solvent will electrolytically deposit cuprous 
chbride on the cathode, and that this is subsequently volatilized and lost to the bath. 
The vapour density*' according to V, and C. Meyer* 1 * is 6 96 at 1560° ; and 
6‘GO to 6*44 at 1692°, These numbed correspond with a molecular jneiflihi in 
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Agreement with the formula CtigClg, which requires a vapour density 6*82fi, There 
is, therefore, no dissociation Cu a 0ij;^2CuCl, E. Beckmann's determinations of the 
b.p, of dil, soln, n of cuprous chloride in quinoline agree with the formula CuCl; 
and in cone, sob., Cu 2 CI 2 ; and in sob, of pyridine, and of methyl and ethyl sulphides, 
Sl Werner found a similar variation. N, Castoro obtained .values in sob, of urea 
in agreement with Cu 2 Cl a . L. Riigheimer and E, Rudolfi's value for the Ip. of 
soln, of cuprous chloride in molten bismuth chloride agrees with CuCl; E. Beckmann 
and F. Junker's values, with molten mercuric chloride, vary from Cud to CuaClg; 
and E. Abel's values for tho f.p. of hydrogen chloride, with'CuaC^. 

The specific heat of solid cuprous chloride, 18 which has boon fused, is, aocordbg 
to H, Y. Regnault, 01383, and tho atomic heat, 137. The heat ol formation, 
Cu~fCl—35*6 Cals. (M. Berthelot); 32875 Cals, (J. Thomsen ); Cu-|-Claq,=26'5 
Cals. (M. Berthelot), For its formation from chlorine and cuprous oxide, 
M. BeriJielot gives 26'0 Cals, ; and J. Thomson gives for its heat of formation from 
hydrogen chloride and cuprous oxide, £4'6fi Cals., and from hydrochloric acid, 
HClaq., 7'33 Cals. M. Ribalkin's value for Cu+HCl is 10 Cals. R. Luther and 
D, R. Wilson's value for the work of oridatipn in forming CuCl from copper, 
—0'5640 volt; M. de K, Thompson gives for the free energy ol formation 
—27'8 Cals, with gaseous chlorine, or with liquid chlorine, —28‘1 Cals.; G. Bod- 
lander and 0, Storbcck give —30 0 Cals.; and M, de K, Thompson's value foT the 
total energy of formation is —33 3 and —31*6 Cals, respectively for gaseous and 
liquid chlorine. M, Berthelot's values (1879) for the heat Of solution of cuprous 
chloride in hydrochloric acid vary from —820 cals, for the acid HClH-5H a O to 
—9500 cals, for the acid HC1+0G 4H a G, This is taken to indicate the formation 
of a cuprous hydrocldorido which progressively dissociates with the absorption of 
heat by the action of water. 

According to B, Gossncr, 1 ^ the crystals obtained from cone. soln. are singly 
refracting, but, according to K. Monkemcyer, after they have been fused they are 
doubly refracting. M. Faraday 30 first electrolyzed molten cuprous chloride and 
thereby obtained metallic copper; cupric chloride is formed at the anode, and 
copper is dissolved—the loss, according to H. L. Buff, is greater than corresponds 
with theory, W, Negbauer gives for the c.m,f. of the cell Pt | CuCl | Zn, 0*725 volt. 
The electrical resistance of ae.c. at 50° over the m.p. is 6 ohms, L, GraeU's values 
for the electrical conductivity (mercury unity) are: 37'25x10^® at 490°; 
21*20x10"® at 460°; 19*60x10-® at 450"; 19*60x10-® at 420°; 19-5x10^ 
at 400°; 14'20Xl(M at 300°; 071x10-° at 200°; and 0*09x10-® at 140°. 

Cuprous chloride is reduced to the metal: 2CuClH-H 2 ^2HCl+2Cu, when 
heated in a stream of h} T drogen. According to M. Ribalkin, 21 if the gas is dry, the 
reaction begins at about 230° when about 5 per cent* of hydrogen chloride is formed 
in 18 hrs.; at 270°, 10 per cent, of hydrogen chloride is formed in 9 hrs.; and at 
440°, 35 per cent, of hydrogen chloride is formed. Cuprous chloride is also reduced 
by water gas. According to M. Trautz, sulphuryl chloride, S0 2 C1 2j ' has no per¬ 
ceptible action after an hour's heating at 99 3°, 742 mm, press,; C, Poulenc found 
that hydrogen fluoride forms cuprous fluoride ; H, Bose, that phosphine forms 
copper phosphide, Ou 3 P; and W. A. Jones, that dry carbon monoxide has no action 
on dry cuprous choridc. 

Dry cuprous chloride remains unchanged in dry air, and it is not affected by 
light 32 ; but if moisture be present, it slowly turns green and yellowish-brown, the 
colours due to the formation of a green b&ic salt, possibly atacamite, 
CuCl a .3Cu0.3H a Q. F. Thomas studied the influence of light on the oxidation of 
cuprous chloride, J, L. Proust stated that the salt is insoluble in water, but with 
the more sensitive methods available to modem chemistry, G, Bodlander 23 showed 
that the solubility of cuprous chloride in water in an atm. of hydrogen or carbon 
dioxide between 19-3* and 21*7° is 0*000629 mol per litre. In contact with water, 
the cuprous chloride is partially hydrolyzed: 2CuCi-f-H a O^Cu a O+2HG; and 
partially decomposed: 2 Cud->CuU s +Oa t A sat. win, contained 0*002222 mol 
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of cupric and O'0OO609 of cuprous chloride per litre, together with Q'000363 mol of 
HCL 5: Lesoosar, and I. K, Haywood found that when cuprous chloride is washed 
with successive portions of water of approximately the same volume each washing, 
the amount of acid in the wash water, after the diet few washings, remains practically 
constant until all the chloride is converted into oxide. If the extraction b% 
carried out in darkness in an atm. of hydrogen or carbon dioxide, the residue is 
almost pure cuprous oxide; but in light, the residue is red owing to the formation 
of a little copper The system contains three components—cuprous oxide, water, 
and acid—and four phases—cuprous chloride, cuprous oxide, solution, and vapour. 
By the phase rule, therefore, at any given temp, there can be only one cone, for 
which the system is in equilibrium; and as long as there is an excess of hydro¬ 
chloric acid, there will be no cuprous oxide, and the system will be Invariant, and 
capable of existing at different cone, for a given temp. 

According to M, Grflger, when water acts on cuprous chloride in the, presence 
of a little air, an orange-red residue of cuprous oxide, mixed with about 5 per cent, 
of basic cupric chloride, is formed. The amount of cupric compound in the residue 
is always small, presumably because most passes into solo.; by the action of 
water and air, sufficient for complete oxidation, the end-product has a composition 
approximating to that of atacamite, 3CuO.Cudg.3HaO. The primary action is 
the hydrolysis of cuprous chloride, and the liberated hydrochloric acid in the 
presence of oxygen acts upon more cuprous chloride forming the cupric compound 
which reacts with the cuprous oxide formed during the primary hydrolysis producing 
cuprous chloride and basic cupric chloride. Cuprous chloride remains white in 
the presence of a sob. of cupric chloride, when protected from air, and this even 
in sunlight. Boiling water soon changes cuprous chloride into cuprous oxide land 
copper, and cupric chloride passes into sob. According to J. W. Mallet, a stream 
of moist air between 100° and 200°, converts cuprous chloride almost instantaneously 
into the oxychloride atacamite, CuC^,3CuO + 3H a O. 

Dil, nitric add, said H. Rosenfeld, does not attack cuprous chloride in darkness, 
but in light, the salt rapidly darkens and acquires a copper lustre; while 3. L. Proust 
said that nitric acid develops much heat with the evolution of nitric oxide, and the 
soln. becomes violet and then blue. B. Lean and W. H. Whatmough found that 
freshly precipitated cuprous chloride is redissolved by sulphurous add, According 
to Q , Vortmann and C, Fadberg, a boiling acid win. of cuprous chloride reacts 
with sulphur: 2CuCl-f-3—CuS+CuClg; W. Wardlaw and F. W. Pinkhard 
found that the oxidation iCuCJ+SOa+iHC^lCuCl^+SH^O+S does not occur 
at 95° if the cone, of the acid be leas than 38 c.c. of 33 per cent* hydrochloric 
acid per 250 c.c, of soln,; with soln. containing over 150 c.c, of acid per 250 c.c. 
of soln,, sulphur is precipitated; with between 112 and 150 o,o. of acid, sulphur 
and cuprous sulphide is precipitated; while in soln, with 38 to 112 c.c. of acid, 
cuprous sulphide alone is precipitated. Dil. sulphuric add does not act on 
cuprous chlofide; the 'cone, acid has no appreciable action in the cold, but the 
attack is perceptible when the acid is wanned, H, Feigel found a soln. of 
sulphur chloride in .benzene colours cuprous chloride brown, and it is partly 
converted into cupric chloride, and sulphur. Very dil, hydrochloric add in an 
mert atm. changes the colour of cuprous chloride from white, through green, to 
a dark copper brown, and the residue contains metallic copper: 2CuCl->Cu -l-CuCI^. 
Cone, hydrochloric acid dissolves cuprous chloride without changing colour, 
and this the more the greatqp the proportion oJ hydrogen chloride. This is 
shown by the meuuretn$ute of H. le CJbafeelierat 17°, and of R. Engel at 0°r 
Extracting a few numbers from their data, and expressing the results in mols. 
per litre; , 

o* _i r 

HC1, , 1-0975 4*475 0‘85 KhT' 0*8075 157 4-78 6*70 

CuCl . 0-0475 MJW 155 8*1 0*0475 0'14 , 0-896 1*15 

Sp^gr. l . 1*50 1*08 1481 J845 — 1-060 MB5 *» 
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The fact that the solubility of cuprous chloride in hydrochloric acid is greater 
the more cone, the add, led A. I)itte 26 to infer the presence of a hydrochloride; and, 
as previously indicated, the foot that the heat absorbed during the soln. of cuprous 
chloride in hydrochloric acid is greater the more dil, the acid, led M. Berthefot to 
a similar conclusion. M. le Blanc and A. A. Noyes argued that tLejsoln. contains 
a complex of cuprous chloride and hydrogen chloride, because the f.p. of hydrochloric 
is not changed by the addition of cuprous chloride; and from solubility determina¬ 
tions, E. Abel deduced the presence of the complex ion, Cu^d^ which would make 
the complex I^CugCl^ or (HCuClafe, i.e. Uu^Ci a .aHCl--chlorocuproUB acid, or 
cuprous dihydro-dichloride. It. Engel was not able to* isolate any crystals by 
oooling to —40° a soln. sat. at 0 & , but G, Neumann claims to have obtained grey 
ncedle-Jike crystals of this compound by dissolving cuprous chloride in hydrochloric 
acid in the presence of powdered copper, in an atm. of carbon dioxide, and then 
saturating tho soln. by means of hydrogen chloride, while cooled by a freerii^g 
mixture. The crystals become blue on exposure to air, and the soln. in water is 
odourless. 

The solo, of cuprous chlorjdo in hydrochloric acid is used in gas analysis for the absorp¬ 
tion of carbon zncnoxide. 11 F. W, K. Brandt studied the absorption of carbon monoxide, 
ethylene, and nitric oxide by soln. of cuprous chloride. One eq. of copper dissolves 
nearly one cq, of carbon monoxide, and carbonyl cupnnB chloride is formed. There 
appears to be a reversible reaction between the cuprous hydrochloride in coin, and the 
carbon monoxide. By saturating the soln. with carbon monoxide M. lo Blanc obtained a 
compound 2CuULCQ.2H*0 j and W. A. Jones, CuCl.CO,2H a O. According to H, Hammer!, 
the heat of solp. of carbon monoxide in the soln. is 11*37 Cals. Tho soln. is not applicable 
for the determination of small proportions of carbon monoxide. A, Frank reported that 
carbon monoxide is but incompletely removed from water-gas by this solvent, H. Dreh- 
- sohmidt says that if a soln. of carbon monoxide in the cuprous ohloride soln. be shaken in 
nitrogen gas, some carbon monoxide is given up to tho nitrogen. The soln. of cuprous 
chloride in hydrochloric acid becomes brown on exposure to air, and, says M. Troube, 1 * 
the autoxidation of the soln. in tho presence of water develops some hydrogen peroxide, 
Tho acid coin, of cuprous chloride copiously absorbs phosphine—according to J. Bibsn, 
about 132 times its volume. The sole, deposits necdfedike crystals of Cu(jLPH ( , which 
are stable only in the mother liquid from which^they have separated. When exposed to 
the air, or when heated, or when treated with water, the crystals rapidly dissociate into a 
black copper phosphide, CUjP, and phoepliine and hydrogen chloride : BCuCLFHj^CujF 
+2FH a +3HCl. JU the passage of gas be continued, the crystals dissolve, and a compound 
richer in phosphine is in all probability formed, but which baa not been isolated. Tho 
coin, so obtained can be preserved and used for giving off pure phosphine. According to 
W. Hempel, 10 c,c, of the soln. absorbs 2 c.o, of carbonyl sulphide, and the soln., soys 
JL Bertneiot, gradually forms carbon dioxide and cuprous sulphide. A H. Frank says 
acetylene is not appreciably absorbed j and,_according to N. Caro, the organic Hulphid.es 
are absorbed in amah quantities. W. Hempel found that the soln, absorbs the heavy 
hydrooarbons. Fuming nitric acid colours the soln. brown; G, Vortmann and C> Padberg 
found that when boiled with dowers of sulphur cupric chloride and cuprous sulphide ore 
formed; J. Riban found that mercury is attacked by the brown soln., forming mercurous 
Chloride, but it is not attacked by the colourless eoln. 

Cuprous chloride insoluble in soln. of the alkali chlorides. T. Q. Hunt found 
that a sat. soln. of sodium chloride dissolves more than 16 per cent, of cuprous 
chloride at 90°, and more than 8 per cent, at 40°. A soln. with 15 ports of sodium 
chloride in 100 of water dissolves 10 per cent, of cuprous chloride at 90°; 60 per 
cent, at 40 5 ; and 3'5 per cent, at 14^. A soln, with 5 ports of sodium chloride in 
100 of water dissolves 2*6 per cent, of cuprous chloride at 90°, and I'l per cent, at 
40°. When the soln, are diluted with water, cuprous chloride is deposited as a 
white crystalline powder, G, Bodlander 26 and 0. gtoibeck found cuprous chloride 
dissolves without decomposition in a soln. of potassium chloride if the soln. ore more 
cone, than 0 ‘Qt>N. Some of the cuprous chloride is converted into the cupric salt. 
For example, expressing the cone, in grams per litre^ 16^20°, the two forms of 
copper in sola of various cono, of potassium chloride are; 
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K< Hachtneister ^ determined the f.p. and b.p, curves of binary mixtures of 
cuprous and ammonium chlorides. With mixtures with to per cent, of ammonium 
chloride ; 
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The eutectic temp, of the f.p. cum is near 140°. P + P. Detrain prepared prismatic 
crystals of ammonium trichlorodiciiprite, NH 4 C%Cl a , or NH 4 C1.2€u01, from a 
ooln. of cuprous hemiammino-chloridc. They are stable only when kept in contact 
with the mother liquid* H. L. "Wells and E. B, Hurlburt prepared crystals of 
ammonium pentaddorocuprito, (NH^CujClj, or 2NH 4 Ch3CuCl, from a hot hydro¬ 
chloric acid sola. of the component salts cooled in the presence of copper wire. 
H. ftitthausen also prepared crystals of this salt. The colourless crystals can be 
kept in air for a long time without change, but they gradually turn green. 
P. P. Dchdrain obtained needlcdike crystals of ammonium diohlorocuprite, 
NH^CuGa, or NHjCl.CuCI, but they are stable only under the mother liquor; 
H. Il Wells and E. B. Hurlburt could not make them. E, Mitscherlich mentioned 
ammonium trichlorocuprite, SNB^Cl.CuCh and H. L Wells and E, B, Hurlburt 
obtained colourless prisms by dissolving cuprous chloride in a lai^e excess of a 
hot soln. of ammonium chloride in dil, hydrochloric acid, and cooling m tho presence 
of copper wire and an atm, of carbon dioxide. The crystals rapidly turn brown 
and then green on exposure to air. P. P, Dehcrain reported brown*crystals of a 
monohydmfco. 

A. phassevant found cuprous chloride is readily soluble in a hot cone. soli/, of 
lithium chloride in an atm. of carbon dioxide, and colourless octahedral crystals, 
presumably lithium chlorocuprite, are formed, which immediately decompose as 
the mother liquor is withdrawn, and also on exposure to light, or contact with 
organic matter— e.g. paper. E. Mitscherlich prepared what he regarded as sodium 
trichlorocuprite, NaCuClg ; 0. Dicffenbach obtained a sodium salt by heating 
cupric sodium chloride ; and J. B. J. D. Boussingault, and A, 0 + Becquerei also 
prepared the sodium salt in colourless tetr&hedra. A* Chaasevaat said tho salt 
readily decomposes, while J. B. J. D. Boussingault found it does not volatilise at 
55G 5 . G, Bodlander and 0. Storbeck assumed that soln. of cuprous chloride in 
005 to 0 soln. of potassium chloride contain potassium dichlorocuprite, 
KOuCL, or KOl.OuO!, and that more cone. soln. contain potassium] trichloro* 
cuprite, K E CuC^. E* Mitscherlich, H. le Chateller, and A. C. Becquerei made the 
former salt in colourless octahedral crystals isomorphoufl with potassium chloride. 
The crystals in cone, soln, remain colourless; in dil. soln, they gradually turn green 
or violet; P. P. Deherain w said they are decomposed by cupric or zinc chloride, 
H, L, Wells prepared white prisms of CARliim trichlarocupritey CsCu^Clg, or 
GsCI.2CuCi, fipm a hot dil. soln. of cupric chloride, copper wire, an excess of cesium 
chloride and hydrochloric acid. The crystals become yellow when dried. He 
also obtained ceegram pentachlorodicuprite, 3CsCl,20uCl, in colourless plates, and 
prismatic crystals of monohydxated omnium totr&chlofOCUprifct 3CsCtCuCl.H z O, 
or CsgCuC^.HjO, They dissolve in ammonium thiosulphate soln. and form 
colourless crystals of N^{CuCy.4(NH4)s3a(V 

When a cone, soln* of oimrous chloride in alkali halide is treated with a soln* of 
iodine in xylene, G, A. Barbicri found that cuprous iodide is formed. The mixed 
soln, of cuprous and alkali chloride transforms silver sulphide into the chloride, 
converts ruby silver ore into a grey mixture of copper and silver chloride, anti¬ 
mony, and sulphur; and, according to F, Kaschjg, it converts lead, zinc, cadmium, 
iron (ous), cohalt fous), bismuth, and tin (oils and ic) into the respective chlorides 
—with cuprous, lead, and zinc sulphides the conversion is incomplete; and with 
mercuric sulphide it forms the double salt, HgS.2CuCl; and with silver sulphide, 
AgS.SCud* Sulphur is separated from the arsenic sulphides, C. Haussermann 
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states that metallic copper is attacked. 0, BodJdndcr and 0, Storbeck have 
measured the solvent action of sola, of copper sulphate on cuprous chloride, and 
F, Raachig, the solvent action of cupric chloride. In the latter case, the soln. 
becomes brown, and this the more the higher the temp., and the greater the cone. 
mi the soln., and much of the cuprous chloride separates during the cooling of a 
boiling cone. sola. With cupric sulphate sola* a portion of the cuprous chloride is 
converted into the cupric salt* Expressing cone* in milligram-molecules per lifae; 
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If calmuzn hyditixide ba added to a hydrochloric acid «ibx of cuprous chloride, 
C- Eilnid “ consider* that euprtui oxychloride, CuO.CuCi, or Cu/DCl, is formed* 
X I* Proust previously stated that a similar oxychloride remains after the calcination of 
cupric oxychloride, 3CuQ,CuCl r B. Xoamonu also supposed that trthjdfitsd cuprtttt 
OXjdkUoride, Cu0.2CuCL3H|0* is slowly formed when a soln. of barium or sine ohlorids 
acts upon hydroxide, and also whoa cupric hydroxide is mixed with cupric chloride, and the 
excess of oupric chloride removed hy dialysis. It is not clear if these products are the 
result of arrested reactions. .-* 4 ^. 

*■’ ,yi ' J* L. Proust, 83 in his early work at tho end of the eighteenth century, not^Sd the 
solubility of cuprous chloride in aqua ammonia; and W, Ga.ua obtained rf loln* 
containing 0'02^-CuCl in a normal soln. of ammonia. According to N, A. E. Millon 
and A* Comiqaillo, 100 c.c. of aqua ammonia, of sp* gr, 0*924, dissolves 13*98 grmjj. 
of cuprous chloride. The colonrless solo* rapidly turns blue on exposure to air. 

; The amnoniacal soln., like that in hydrochloric acid, absorbs carbon monoxide. 

The ammoniooal sola, of cuprous chloride is also used by W. Hampel, etc., in place of 
, the hydrochloric add solo, for gas analysis 14 and some consider with better reaulte. Accord¬ 
ing to G* Dcnigfea, it absorbs phosphine, and, according to M. Berthdot, propylene. 

' 'A. Favunky, and A. Bdhsl obtained a red precipitate with acetylene, propyl acetylene, 
and hexylene, but not with dimethyl-acetylene, methyl-othyl-aoetyleue, or ethyl-propyl- 
, acetylene. E. A* le Sueur found that on electrolysis, half the capper is precipitated » 
metal and half is converted into tho cupric form. 

E, C. Franklin and G. A, Kraus 8 * also found cuprous chloride to be easily soluble 
in liquid ammonia. Five different cuprous ammino-chlorides have been reported, 
but S* J. Lloyd's study of the vap. press, obtained by saturating cuprous chloride 
with ammonia gas, and measuring the vap. press* at a constant temp* between 0° 
and 160° as the ammonia was gradually withdrawn, shows that only three such 
compounds can exist under these conditions -dark brown cuprous hemi&mmino- 
cMafiftfti 2CuCl.NHg, melting about 162°, is made by saturating cuprous chloride 
with ammonia, and removing the excess until the press, of the gas is 522 mm. at 
90°* The vap. press, at 87 & ia518mni.; at 12G a , 6S0 mm.; and at 135 5°, 819 mm, 
P* P. Deh£rain claimed to have roads a dihydrated salt: 2CuCLNH 3 .2H a O, by 
boiling ammonium chloride soln. with cupric oxide and an excess of copper. Accord' 
to &. J* Lloyd, light brown cuprous sesafdaramino-diloride, 2CuCL3NH gj 
mslting about 144°, is made like the hemianmunO'Chloride, but at a press* of 650 mm. 
The vap. press, at 67'o c is 324 mm*; at 85°, 567 mm.; at 92°, 700 mm*; and at 
100 6 , 845 mm.; AV* Biltz and W. Stodenwerk found the heat of formation to he 
16*73 Cals., and the dissociation press, at 326° is 100 mm* Green cuprous 
CuCl.SNHg, melting at about 123°, is formed by leading 
ammonia gas slowly over cuprous chloride cooled by a freezing mixture. Its 
vap. press* at 88° is 736 mm.; at 90°, 780 mm*; at 110°, 1650 mm, F* Ephraim 
gives the vap, press. 760 mm* at 46*3°; and he adde^ that the cuprous trihalides 
are almost of identical stability. W* Bilts and W, Stollenwerk found the heat 
of formation of the triammino-chloride to be 9'48 Cals. 

In 1353; B- Ritthauwn reported the formation of coproal ittuntoo-thlttlfa CuGUfH» 
and this was confirmed by P* P* Debdrom in 1861 The latter boded a win* of cuprous 
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chloride in hydrochloric acid, along with a httte ammonia and copper; H. Ritthauwn 
boiled ammonium chloride with finely -divided copper until ammonia began to be evolved. 
With rapid cooling the eohi. deposits email white crystals of thie salt, and with dow 
cooling blue rhombohedral crystals of aNH^Cl.CuC^.iHiO, to that by rightly timing the 
operation, the crystallizing liquid can bo decanted from the white crystals before the blue 
ones are deposited. The crystals can be washed with alcohol. IL Kitihausen also sayi 
that the white crystals can bo obtained by pouring the boiling liquid into half its volume 
of water; filtering off the precipitated cuprous hydroxide, and cooling the sola. F. Forster 
and F. Blanhtmberg also says this salt is formed when copper itt treated with a strong eoln, 
of cupric chloride in aqua ammonia of sp. gr. O SS. The crystals arc colourless rhombohedra 
which acquire a violet colour on exposure to air, and at 100° lose ammonia, and are browned 
by oxidation. Water decomposes the crystals, colouring them yellow; they are also 
decomposed by adds, but not by alcohol. W. Bilte and W, Stdlenborg found the heat of 
formation of the monamminochJoride to be ld h ?3 
CaR, and the dissociation press, at 417*5° to he 
100 mm. According to H. Ritthausen, the crystals 
formed by A. C, and A. E- RecquereJ when a mixed 
soln. of copper sulphate mH ammonium chloride 
is eJeotroJyrod have the same composition j and, 
according to P. P. Deh^rafn, crystals of this salt 
with two molecules of water are formed along with 
CudfSKH^n, when ibpper is allowed to stay in 
contact with a soln. of ammonium chloride. 

F, P. DehdrahFs report that crystals of CuC1.2NH s 
an formed by the action of ammonia on cuprous 
chloride lack confirmation. On account of the 
extreme readiness with which the amminO'eom- 
pounds absorb water, their formation in aq, soln. 
seems to 8. J. Uoyd to be improbable. 



Fio. 2d.—Vapour Pressure Curves 
of the Cuprous Ammmo-chlo- 
ride& ' 
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What H. Ritthausen considers to be hydrated cuprosic tetrammino-chloride," 
CnG.ChiClj.iNHj.HaO, is deposited in blue rhombic prisms when a soln. of 
cuprous ammino. chloride, CuGLNHj, is exposed to the air; and P, P. Deb^rain 
also made it by boiling ammonium chloride with copper oxide and an excess of 
copper. The crystals decompose rapidly on exposure to air; but they are more 
stable if well dried, although even then they gradually lose water and ammonia, 
and absorb oxygon. They lose water rapidly at 100°, traces of ammonia aw 
also lost, and the colour becomes dark brown. They are decomposed by acids 
—with hydrochloric acid prisms of SCuCJ.NH^Cl and cubes or octahedra of 
2NH^CLCutfia,2HgO are deposited. According to C. Winkler,soln. of sodium 
thiosulphate) Na^SgOj, dissolve freshly prepared acid-free cuprous chloride. The 
cold soln. is not altered by dil, nitric, hydrochloric, or sulphuric acid, but when 
wanned, black cuprous sulphide is precipitated without the evolution of aulphur 
dioxide ; and R. Bbttger says the soln. is not readily oxidized ; but M, Rosonfeld 
found a brown precipitate is slowly formed by potassium chromate. Cuprous 
chloride dissolves in a soln. of ammonium thiosulphate) and the eoln. gives 
tetragonal crystals which A. Rosenheim and S, SteinMuaer’s analysis malms: 
ilKHlil^Og.NH^.CuQ. When the colourless liquid is treated with ammonia 
if becomes blue. According to M, Siewert, cuprous chloride is insoluble in soln, 
of sodium dtihionale, NajS^O^ * 

According to W. Eidmann,** it Is insoluble in phosyene, tndhylal, and actions; according 
to E, Alexander, in ethyl acetate ; and, according to H. Arctowaky, in cd/ton disulphide. 

It forma a double compound with acetanilide investigated by W. J. Comstock”; with 
hensotntrite and other aromatic nitriles (A Werner, C. Rabaut, and A Neumann ); with 
tihyt sulphide (A. Werner) j witjf thwacttemide (N. Kurnakofl); with ottyf phosphate* 
(A E. Arbuaoff), eta It dteaftlvos in pyridine (J. Sohrfidor)” i in wperidtiw (A. Werner 
and F. Fere hi and); and in quinolme (E* Beckmann and W. Gabel). W. A. Jones obtained 
evidence of the formation of>a compound 4CuCl.3CO when carbon monoxide is passed 
iftto a pyridine 6oln at Q 4 , but the compound woo not isolated. It decomposes on miring 
the temp., and at I0O q the decoiqpoflftiom *■ nearly complete. Hydrocyanic add, asys 
H. V«et, transforms cuprous chloride into cuprous cyanide, 
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{j 16* Cupric Chloride 

a ■■ , 

.The existence of cupric chloride as a distinct individual apart from cuprous 
:d&bride was established by the work of J. L. Proust, about 1799, M. de la Dur~ 
a&dilre 1 reported the presence oi crystals of hydrated cupric chloride in the under- 
ground concrete of Paris, A, Scacehi* A. Lacroix, and P. Franco also found the 
hydrated salt in sublimates in the fumarolcs of Vesuvius, and the mineral CuCLj.nHgO 
has been called erioehahite. 

The preparation of cupric chloride. —Cupric chloride is formed along with 
some cuprous chloride during the combustion oi copper in chlorine gas* hut if heated 
in an excess of chlorine, the cuprous is soon converted into the cupric salt. The 
action of hydrochloric acid on metallic copper is too slow for this to be a satisfactory 
means of preparing this salt; and further, if prepared by wet processes, dihydrated 
cupric chloride, CuCU.2HoO* is formed. For example* copper is dissolved in aqua 
regia and the product repeatedly evaporated with hydrochloric acid to drive off 
the nitric acid. Precipitated cupric oxide or cupric oxide prepared at a low temp, 
is readily soluble in dil. hydrochloric acid, but if the oxide has been calcined at 
a high temp., it dissolves very slowly even in the cone. acid. A soln, of cupric 
chloride can therefore be formed by dissolving the oxide or carbonate in the acid. 

Dissolve cupric oxide by warming it in a flask with four time* it* weight of 25 per cent, 
hydrochloric acid. Evaporate the filtered soln. on a water-bath until a film begins to form 
sudaoe. The crystals which separate on cooling are nreatod between filter paper ., 
for porotw tiles. Good crystals can be obtained by lecrystallization from boiling alcohol ' 
to which a few drops of hydrochloric acid have been added. 

t 

T. Eiecklcr* mixed soln, of cupric sulphate and sodium chloride and obtained 
crystals of dihydrated chloride after the crystals of sodium sulphate and chloride 
had separated out. The crystals of the dihydrated salt readily separate by 
concentrating the soln, in hydrochloric acid- According to H. M. Dawson and 
J, McCrae* 3 the neutral salt can be obtained if a ^dn. of the oxide in the acid be 
evaporated to dryness, the residue dissolved in water and again evaporated. 

The hydrated salt loses its water when heated over 1G0 D ; or* according to 
F, Sabatier, when heated to 150 6 in a stream of hydrogen chloride. The anhydrous 
salt is also formed* according to B. Kane and C. Hensgcn, by the action of dry 
hydrogen chloride on powdered copper sulphate—C uJ 30 4 , or CuS0 4 .H 3 & It u, 
possible that the addition product* CuSO^HOl, is hist forjnedj which subsequently 
decomposes into cupric chloride, etc. H.^C. Jones and W t R. Veazey say that 
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the last of adsorbed hydrogen chloride can be removed from the salt by allowing 

it to stand in vacuo over sulphuric acid and potassium hydroxide. According to 
P, Sabatier* also* the crystals lose their combined water if they are allowed to stand 
for three months at the room temp, over cone, sulphuric acid* in vacuo; the dehydra¬ 
tion is much quicker over phosphorus pentoxide ; and, according to K. Krafft* 
the salt Joses its water in a day over barium oxide. 

D. Yitali 4 also obtained cupric chloride by pouring cone, sulphuric acid into a 
soln. containing an excess of cupric sulphate along with an alkali chloride; by adding 
hydrochloric acid to a so 1 el of cupric sulphate in cone, sulphuric acid ; or by miring 
a little cupric ch loride with an excess of couc. sulphuric acid. This shows that 
although cone, sulphuric add liberates the halogen adds from their alkaline salts 
when salts of the heavy metals are absent, this does not always occur when such 
salts are present. G, Viaid has shown that if an aq. soln. of cupric chloride (1:10) 
be treated with twice its volume oi sulphuric acid, yellow anhydrous cupric chloride 
separated from the hot soln. if the add be added so slowly that the temp, does 
not rise high enough to decompose the chloride; but if the liquid contains lew than 
68'4 per cent, of sulphuric add* green dihydiated cupric chloride separates out, 

■ Recording to F* W. O. da Coninck and L. Arz&Tier, 5 anhydrous cupric oxide is formed 
^byhaatuig a mixture of ammo mum chloride and cupric oxide under press .; and^ooeqirifagl 
E t Baker and A. W-BurweH* by heating cupric sulphide with sulphur chloride 8,01,” 
"and by heating to 0O Q or 10° a soln. of carbonyl chloride m toluene in which the copperoom-< 
pound of b«i2o^iacet<me is suspended. Crystals of anhydrous cupric chloride are formed 
when a strip of silver dipping in silver chloride is covered with a cone, soln, of cupric nitrate. 

Properties ol OUpric chloride,— Anhydrous cupric chloride occurs os a ye]W 
■ or yellowish-brown micro-crystalline powder. The dihydrated salt forma sky* 
9 blueTSi greenish-blue e rhombic bipyramida! crystals whose axial ratios, according * 
to J, C, G. de Marignac** are a ■ b : 9179 :1 : 0‘4627, They show alight pleo- 

chroisro. 0. Lehmann obtained microscopic needles from strongly acid sola. 
F, Riidorif did not find the crystals to be isomorphous with ammonium chloride 
with which it forms characteristic double salts ; nor did J. W. lletgers find it iso- 
morphous with dihydroted barium chloride. The Specific gravity of the anhydrous 
cupric chloride is 3 054, according to L, Playfair and J, P. Joule,® and for the 
dihydrated salt 3 535 (16°), according to C. H. D. Bodekcr, 2 47 (18°), and, according 
to P. A. Favro and CL A. Valson* 2*390 (22 9“). 

The anhydrous salt has the melting point 498° ±4 S , according to T. Carnelley, 8 
oud it forms cuprous chloride when heated to just over redness. G, Rousseau 
found that the dihydrated salt melts at about 110° in its water of crystallization* 
and, according to E, Bodtker, it bans all its water at 110° without forming a basic 
salt. H, Lescocur found the dissociation pressure of the dihydrated salt at 80 a 
to be 62 mm.; at 90*, 107 mm,; and at 100°, 185 mm. ; and F, Ephraim found 
the dissociation pressure of anhydrous cupric chloride to be : 

* 450* 465 11 47S* 4946* Wl'fi* CIO’ 615* BSfl* 

Pre»s. . 28 03 85 225 2WI 410 535 050 mm, 

* 

and he says that the reported m.p, 498* is right only when the chlorine is given off 
during the heating of the substance. According to T. CarneUey and W. 0. Williams, 
the faoibllg point of cupric chloride is between 954° and 1032°. The moteculBr 
'Weight of cupric chloride determined by A. Werner 10 from its effect on the b,|>, 
of pyridine and snethyl sulphide, by H. Ley in alcohol, and by L. Riigheimer in 
bismuth trichloride, is norraal—in tne latter case there is a very small amount of 
cuprous chloride formed. The salt is strongly polymerized in acetone. N. Gastoro’s 
determination of the effect of cupric chloride on the f.p, of urethane gives a 
mol. wt, corresponding with CugCl^ 

The reported values for heat of formation of cupric chloride from its elements 
vary from J. Thomsen's 51*63 Cals, to M. BertheloFs 66'2 Gals. 1 * M, Berthelot's 
value fur its formation from cupric oxid^is 11*7 Cals.; from cupric oxide in soln., 
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22'fl Cals,; from cupric bromide, 11'3 Cals.; from cupric bromide in^oln., 147 
Gale.; from cuprous chloride, 16 Gala.; and from cuprous chloride in aolm, 27 Cab. 
J. Thomsen's value for the beat of formation of cupric chloride in sob, (Cu, Gig, *q,) 
is 6271 Cals.; for (CuO, 2HC1, aq.), 1577 Cals. For the heat ol solution of the 
Imhydrous chloride, J. Thomsen gives 1108 Cals, for 600 mols of water, a value 
which agrees with J\ Sabatiers values 11 2 (13°), 1G'8 (11°); and 3 455 Cals, aid 
developed when a mol of the aolid absorbs <l mol of water. According to L. T. Rei- 
cher and C. M, van Deventer the heat developed in the solution of a mol of 
CuClg^HgQ in m mols of water rises from —800 cals, for 83 to +4210 cals, 
for *fe=398; and the heat developed by the soln. of n mols of CuCl.SHgO in 198 
mols of water falls from +3710 cals, when n---l to -19800 cals, when »=24 75 ; 
the heat of dissolution attains a maximum when n—B, bo that 8 mols of the dihy¬ 
drated salt dissolves in 198 mols without 3ny thermal effect. The heat of soln, of 
a mol of the dihvdiated salt in 400 mols of water is 471 Cals., and the heat of sob. 
when the dil, soln. contains a mol of Cud^ to 200 mols of water, 371 Cals. The 
heat of sob. in the sat. soln. is negative, —300 cals.; and the integral heat of sob., 
—800 cols .; the heat of hydration, CuCJ a +2JI i jOji l1 — CuCIjj. 21120+6’87 Cals. 

Anhydrous cupric chloride is hygroscopic and readily dissolves in water; the 
-solubility of the dihydrated salt in water 12 expressed as the number of grams of 
the salt in 100 grins, of soln. is: 

-yo" n* ifi a oo* so" ioo fl 

Solubility , 37 0 41 4 435 456 477 408 5111 

A. Etard’s equation for the solubility S at & u represents a straight line : jS=41'4 
+Q f lQ60* This equation was found by L. T. Rcicher and C, M. van Deventer 
to give rather low results below 91°. The fact that the solubilities between —20 6 
and +91° Can he represented by a straight line shows tliat the dihydrated salt is 
stable between these limits, provided slight deviations in the results have not been 
smoothed out as experimental errors. F. Rudorff represents the solubility when 
ice exists as a solid phase m equilibrium with the soln., as 2U7 and 337 gnus, of 
CuClj in 100 gnns. of water at —10° and —181° respectively, E, Chuard, anil 

B, LcBCcour reported that trihydrated cupric chbrith^ Cudg.ftH^O, crystallizes 
from aq. sob. below 0 s ; and A. Ditto, and H. Lcscrcur also reported hydrated 
cupric chloride! CuCl 2 .ir 2 0, to be formed when the dihydrated salt is heated to 100 D , 
and when hydrogen chloride is passed into a soln. of 29 grms. of salt in 100 c,c. 
of water at 12* ; if the soln. be cooled by a freezing mixture, the tri hydrated salt 
is formed. The salt is said to furnish ochre-yellow needles with a greenish, tinge. 
Neither P. Sabatier nor R. Engel could confirm the individuality of the mono- 
hydrated salt, nor cuuld R. Engel confirm the individuality of the trihydrated 
Salt. P. Sabatier and A. Werner also believe that totrahydvated cupric chloride, 
CuClgAHgO, exists, but H. Ley questions the validity of the evidence. 

The specific gravities of aq. soln, containing w per cent, of cupric chloride at 
17 5° (water at 17 + D° unity), and the volumes which 100 c.c. of water assumes 
when tv grme. of 0u01 E are dissolved therein, are, according to 13. Franz 13 : 

v> . . 6 10 16 20 25 30 36 40 

Sp.gr, , 10466 J’0920 Jd 665 17223 17913 I'MUS 1 4447 J 7284 

Vd. . , lOO fifl 10175 10172 10277 103 21 10473 106 40 100 04 

E. Iruestc has also measured the sp, gr. of sob. of cupric chloride, and he found 
that the cone, per gram of soln. at 15° when D and D 0 respectively denote the sp. 
gr, of sob. and of water, ia 1G5390(D—D 0 ) — 0 42804 [D—Dq)*. J, Traube’s mole¬ 
cular solution volumes t?, for sob. of diffeieat sp. gr, (water at 0° unity), are: 

£-073 ]jsr cent. CuCl, 3D J 417 per cent Od0l| 

0° , 0 5 30 6° 06° 0° 30'5° 65° 

Sp, gr, . 10700 H)700 1 0734 1 47&7 ■ 1-4042 1-4641 

v . . . JW 05 9-3 237 25*4 230 



COPPER 


171 


Tie 4fi&Ofldtias of and JJV'-aoln* of cuprio chloride u at 26° are 

respectively 1'2060, 1'0977, I'CStD, and l'QlTD. H. Sentia has measured the 
guilaco tension of aq. soln. J, Scbuhmaisteris value for the diffusion coefficient 
at 10° ia 0'42tt for G'ltf- to SiV-aoln. J. C, G, de M&rign&c's values 16 for the 
specific) and molecular heat of aq. soln* between 19° and 51 Q , containing art 
eq> of the salt in me q. of water, are : 

m * - W 25 50 100 200 

ht. « 0-0241 07790 0-8542 0 9200 OOGfiS 

Mo], ht, . . ♦ 1H5-1 455 894 1778 3571 

W, von Bee U s value foT the thermal conductivities between 8° and 14° ia 407 and 
425 respectively for soln. of sp. gr. 1125 and 1255 (water 413); and between 
28° and 36°, 666 and 566 for soln. of sp* gr. 1 + 126 and 1*263 respectively 
(water 662)- 

E. Lescocur’s values for trie vapour pressures lfl of eat. soln. at 10° is 4 8 mm.; 
at 40°, 415 mm, ; at 80°, 310 nun.; and T- Ewan and W, jj. Ormandy’s value 
for 169 grms. of CuCl 2 in 100 grms. of water is 18 410 mm. (water 16 521 mm.); 
12 99 grins, CuCl a , 17'472 mm. (water 18 405 mm.) ■ and 43 98 gnus. CuGla, 14*946 
min. (water 18462)—between 20'9° and 21 "02°. W. Pieper measured the vap* sprees, 
of soln. of cupric chloride. A, Eenrath’s value for the raising of the boiling point , 17 
by the soln. of 3 7 grins, of the dihydrated salt m 100 grma, of water, is O'190°; 
for 3 7 grms. of Cd CI 3 .2H a 0,0'100° ; and for a mixture of the two, 0 298°, whereas the 
calculated value, by the law for the raising of the b,p., is 0290 ; similarly for 71 
grms, of HCl, the rise is I860* and for a mixture of the two 2 090°, whereas 
the calculated value is 2 050°, Withbgrras. of mercuric chloride, the rise is 0*108°, 
and for the mixture, 0 208° whereas the calculated value is 0'298°, which is greater 
than the observed value ; with the other mixtures, the reverse obtains. D. Isaachsen 
found for soln. with between 2*298 and 5’652 grma, of CuCl^ pet 10O grms, of water, 
the mean value 55'4 for the mol. wt.; this gives the value i--2'43 for J. H. vaift 
IIofFs Ionization. constant \ W, Biltz and J. Meyer 1 ® found the mol. lowering of the 
freezing point to fall from 489 for with 0 036 mol per litre soln. to 48*1 for soln. 
with 01337 mol per litre and then to rise with increasing cone, to 53'2 for soln. 
with 07149 mol per litre. H, C. Jones and co-workers also found a decrease to 
a minimum value which is attributed to the hydration of the constituent in 
soln. 8. Arrhenius calculates for the mol, lowering of the f.p. of soln. with 
0 0377 mol of CuCL;,2H £ 0 per litre, 512° ; and for soln. with 0 393 luol por 
litre, 4 86°; the corresponding values for J. H, van! Hoff s i are 271 and 2'57, 
representing the degrees of ionization 85 and 78 per cent. 

According to Gk Cheneveau,*® the refractive index of soln. of cupric chloride 
minus that of water is 0 0002466; and, according to H, C. Jones and F. H. Getman, 
the refractive index o^ soln. with 0 065 mol of CuCl^ per litre is 1 32735 ; for 
1-3010 mob, 136163; and for 2 6030 mob, V3949- 
For the photoelectric effect, sec cupric fluoride. 

The electrical conductivity of soln. of dihydrated 
cuprio chloride shows that this salt is as easily 
ionized as hydrochloric acid. From the work of 
T. Ewan, 2 ® it appears that the ionization occurs in 
twu stages, there is first CuCi^CuCb-l-Cl' in cone* 
soln, followed by CuCI a =?^Cu l +£Gl', The specific 
conductivity curve shows a maximum when the 
cone, is neaT 18 per centl CuCl^ V, Kohlschiitter 
measured the specific conductivities of soln. of 
different oono, expressed in grins, of cupric chloride 
per litre of water ; the results are graphed in Fig, 27. 

According to H* C. Jones and A. P, West, tho 
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The percentage ionisation is therefore smaller the higher the temp. According to 
S. Arrhenius, the percentage ionisation by the f.p. method is greater than by the 
conductivity method. 

1 According to D. Isaachsen, the curve showing the variation of the electrical 
conductivity of soln. of copper chloride with temp, has a point of inflexion at about 
4D a . E. J. Holland represents the conductivity A at 6 * by A^A^jl-H)'01841 (fl— 20> 
—0*0000405(0—20) a j. V. Koklechutter attributes the fall in the specific con* 
duotivity with rising temp, to the presence of a hydrated cation, [CuCl(HflO)g]\ 
Which is in equilibrium with water: [ChidtH^OJal'+HgCMfCulHaO^l^H-Ci^ 1 
and the* equilibrium is displaced in favour of the components on the right side 
when the temp, rises. CL Dickh&ns also studied this subject. 

According to W, Hein, 21 the transport number of Ctr ions in a 0*05 eq. soln. of 
'cupric chloride, at 23°, is 0'405 ; and, according to G. Carrara, in method alcohol 
jolm for v— 5'3, O'358; and for o=16-4, 0'3S2. According to V. Kohlsohutter, 
#he transport numbers of the Cu-ion in soln. of cupric chloride are: * ^ 

Mote CuClj per litre , . 5 29 4 35 372 3-90 

Transport number . —Q-835 —0 632 -0-411 -|-17B5 

The negative numbers mean that the copper element is accumulating about the 
anode, and the fact that the positive number is greater than unity means that the 
Copper ion is associated as a complex with some chlorine, say (CuCl)', or even 
more complex anions—cwfe cupric bromide. V, Kohlschiitter translated the facta 
by the aid of the assumption that the ions are hydrated; and he represented the 
changes in terms of A. Werner s theory : 

[Cu(H ,())]■■ -> [o^J -* [cu^J -> [<■]' -» W 

A soln, of cupric chloride in pyridine has the same blue colour as the at]. soln., 
although the latter is almost a non-conductor. Hence, it is inferred that both in 
.. soln. and in the solid state the un-ionized or neutral mofecules, [CuClgPyg] and 
[Qt^oyn*], ore blue. The difference between aq. and pyridine soln. is that - 
tke former can furnish complex ions, [CulHgO^Cl]', [Cu{HgO) i ]" J etc. The green 
or greenish-yellow soln. in ethyl alcohol and acetone have a small electrical 
conductivity, and in alcohol, the molecule approximates to Cu&g, in acetone it 
ts more complex. Excluding the possible association of solute and solvent, 
F. G. Donnan suggests that the soln. contains un ionized molecules and the ions 
Otr and CuCI*", while the acetone soln. contains,a more complex molecule, say 
Cu[CudjJ, which suffers less ionization. The “ double molecule ” in urethane 
soln. is regarded as a complex CufCuC^j. 

The magnetic susceptibility of the powdered salt by J. Kdnigsberger 44 is 
£1 Xl0“ c mass units at 22°; 3. Meyer gave 11X1CM at 17°, and G. Chtneveau 
10x10“*; and for the aq. sob,, J. KSnigsberger gave 13x10^* at 22°, and O.Lieb; 
tnecht and A. P. Wills, 1^< 10^ at 18°. A. Heydweiller found the dielectric constant 
of the powdered and compact dihydrate tp be 3*6J and 7*51 when Af» 478 cm. 
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’Stm MUet of cnprlo chloride joMom— In 1843, E. Solly m noted that the sola, 
of oupxio- chloride, CnClj, in a email proportion of water ia dark brown, and 
J, H. Gladstone showed that the colour gradually changes to very dark green 
aa the proportion of water is increased, and this passes through various shades 
of green to light green, bluish-green, greenish-blue, and with very dil. soln. thq, 
colour is pale sky-blue, One part of dihydrated cuprio chloride, CnC\ z 2H & 0, with 
one of water is dark green ; with two of water bluish-green; and with five parte of 
water pure blue. W. N. Hartley found that In diluting a sol n. of a mol of CuO^SHa 0 
with 60 mote of water, 3'563 Cab. of heat ore developed. According to L. 0. de Cop- 
pet, a soln. with 60 parts of CuQ^HaG and 100 parte of water at 31 '5° is green ■ 
at 0°, it is bluish-green; and at —23°, blue; a sola, with 40 parts of the same 
salt to 100 of water at SI'S 0 , green ; at 0°, greenish-blue ; and at —14'5°, at which 
temp, the soln. freezes, the colour is blue; a soln. with 18 parts of the same salt 
to 100 parts of water is green at 50° \ greenish-blue at 34 c ; and blue at +10 5V 
and at —6*4 e when the soln. freezes. According to R, C. Tichborne, if a blue 
soln., slightly acidified to avoid the formation of a basic salt, he sealed up in a 
tube and heated, it becomes green, then yellow, and finally dark brown. These 
colour changes are reversed on coaling. 

According to J, H. Gladstone, cone. soln. of cupric chloride become yellow when 
treated with hydrochloric acid, and they turn blue again when treated with water ; 
while the addition of sodium, ammonium, calcium, and other chlorides have no 
effect on the colour. A. Ditto made similar observations. H. C. Jones and 
H. F. Bassett found that the addition of salts with a strong tendency to form 
hydrates— e.g. anhydrous calcium chloride or bromide, aluminium chloride, etc.— 
turn blue soln. green; A. Bemrath found that a warm dil. green soln. of oufrio 
chloride becomes blue when treated with mercuric chloride—most other chlorides ■; 
either have no perceptible action, or turn green soln. yellow. 

The absorption spectrum of soln. of copper in all the solvents tried, excepting 
acetone, ahow two regions of absorption, one in the ultra-violet, and one in the 
red. Acetone soln. also give an absorption band about A ”4700. It is convenient 
to assume that the absorption of light is due to the presence of vibrating electrons 
associated with ions, molecules, or complexes, and the character of the absorption 
will generally depend on the nature of the system with which the vibrating electron 
is associated—which, for convenience, may be called the absorber. E, Wiedemann 
attributed the changes which occur when chromatic salts soln. are diluted to the 
progressive hydration of the solute : (brown) CuCl 2 -hwHjjO^Cuda.ffHjjO (blue). 

E. Chuard (1888) said the blue soln. formed below D a is due to the presence of 
trihydra tod cupric chloride, CuOlg.&EfgO, in the soln., above that temp, to the 
dihydrated salt, CuClg.2H 2 0. F. Rudorff (1862) also attributed the variation 
in the tint to the formation of hydrates. W. Ostwald assumed that the absorbers 
in the soln. were ions and un-ionized molecules which were supposed to have different 
colours: CyCl* (brownJ^Cu" (blue)+2CT (colourless). W. Ostwald sought to 
establish his theory by showing that the absorption spectra of thirteen pennon- 
uansteawere identical at great dilutions when presumably the salts were completed 
^lOnittdy W. Ostwald did not examine cone, soln., but when they were examined, 
they too were also identical, so that the spectroscopic evidence cannot be cited in 
favour of the ionic hypothesis. Y. Shibata and K. Matauno studied the absorption 
spectra of soln. of cupric ammino-salts, F. G. Do tin an and H. Basset attributed 
the colour changes on dilution to the formation and dissociation of complex ions : 
OuCl*" (brown)v^CuGla (blue)-f2GT. (?. N* Lewis tried to show that neither 
W. Qrtwafd’fl nor F. G. Donnan and H. Basset’s hypothesis fits in with tbe law of 
moss action which requires that the equilibrium between the brown and blue 
constituent* depends only on the cono. of the Cl'-ions; while if the equilibrium 
depends on some such relation as CuC9g (brown)+H 20 =Ca(H( 0 )*" (blue)-]-20', 
the equilibrium will depend upon the cone, of both the CT-ions and the water. The 
last named equation may also he taken to cover tbe case where the colour change 
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is due to the passage from one hydrate to another with more or less water. The 
colour changes with cupric chloride, though similar are not so marked as is the case 
with cupric bromide, so that the results obtained for the one salt apply to the other. 
In order to decide between these two types of hypotheses* G. N. Lewis made the 
following experiment: 

Thu e&uie quantity of cuprio bromide was added to 10 o.c, of a thrice-normal aoln, 
of each of the following bromides* KBr* NH t Br, NaBr* LiBr* In those boLh. the oono. 
of bromidedoa are nearly alike* being somewhat greater in the case of KBr* somewhat 
leas in the case of LiBr* If this were the only factor determining tho colour* we should 
expect the sola, in KBr to be the moat brown, that in Li lie lift leant. Tho facta ore just 
opposite. The NH 4 Br and N&Er sola* have nearly the sawo colour, that of KBr is less 
brown, while tho LiBr aoln, is very much browner. In all those sola, tho blue is so faint* 
as compared with the brown, that the relative brownuftfls of the soln. con be found by means 
of a colorimeter. Columns of LiBr* Nalir, and KBr aoln.* respectively 14* J8'G* and 
2Q mm, thick, appeared equally brown. These experiments were repeated uavoral times* 
a different quantity of cupric bromide being used in each instance. The result* were the 
same. A small change in the cone, of cupric bromide in any soln. changes only the density 
of the colour, but not its character. It is obvious that something umuenoeg the colour 
beside* the cone;, of the bromide4on, , . . Similar experiments were mode with cupric 
chloride and soln. of the five chlorides* KGL, NH*C1, NaCl* LiOl* and. HCl* Here the colours 
are not so pronounced as in the previous case. All the soln. are green. No difference 
oould be detected in the first three, but the LiCl soln. was decidedly greener and the HCl 
aoln. still mere ae. When the chlorides of the alkaline earths were used, the influence 
upon the colour was found to bo much greater* the order being SrCl,, CaOI 2 * JfyjCli* BeCl,. 

Consequently* G, N. Lewis inferred that in addition to the Ci'-ion, water enters 
into the reactions which produce the colour changes, and the salt is hydrated in 
HOlif. S. U* Pickering studied the effect of acids on the colour of various 
copper salts* * 

G N. Lewis, and W, BilU have shown that a rise of temp, should cause a 
dissociation of the hydrated ion into one less hydrated or even a non-hydrated 
ion* and H* C, Jones and A. P. West deduced from their measurements of tho 
temp* coelf. of a groat number of salts with varying degrees of hydration: (i) The 
temp* coeffs. of an aq* eoln, are greater tho greater the hydratitig power of the 
electrolyte; (ii) the large increase in conductivity with rise of temp, with 
salts forming hydrated ions, is in part due to the complexity of the hydrates, 
so that the equilibria CutHaOJs^if^Ou^Ojn-^H-^H^T^Cu'0 will be 
driven to the right* and abnormally low transport numbers must then tend to 
approach the normal value with rise of temp, provided the abnormality arises 
from a hydration effect. On the other hand, according to the complex ion theory, 
the formation of complexes is an endothcrmol process* and is therefore favoured 
by a rise of temp,* so that a rise of tump* should result in a decrease in the transport 
number due to the equilibrium: SJBr^-^nCuBra^KCuBrjJnBr^]". S. B. Watkins 
and H. G, Denham have also shown that the decrease in the transport number with 
rise of temp, favours the complex ion theory and contradicts the hydration theory, 
W. Bern has also shown that the effect of temp, is but slight on many salts which 

believed to be much hydrated— e>g. CaCl B and LiCL 

The mechanism of tho cathode process with a soln. of a copper salt may be -1 
represented by (i) Cu*'->Cu'+0; (h) Cr->Cu-j-0; or (iff) Cu ,j -*Cu-|-20, or 
if the copper ions are hydrated, by (io) C^HaOy^CufHaO),*'-f mJHjjG+O ; 
(irn) Cu(HjO)n ^Cu+imHiO+O \ or (ilia) Cu(H 2 O} n '--*Cu+*AH 2 Q-J-20, If 
equation (iii) or (iiia) represents tho cathode process the ratio of Cu: Ag by weight 
Will be 0 295* and with any of the other four equations Q + 59Q* The results obtained 
by S. B* Watkins and H* CL Denham for cupric chloride and bromide in atp or 
alcoholic soln.* as well aa confirmatory result* by F. Forster and 0. Seidal, F* Forster 
and G. Coffettl, M. von Bose* M* E, Heiberg, E. Abel* G. Bodlander and 0* Storbeck 
show that with dil. soln. the discharge is mainly from cupric to cuprous ions, so that 
the deposits are heterogeneous mixtures of copper and cuprous halides, so that tho 
electrode processes are mainly (i) or {ia)j or (iii) or (iiia)* where the cuprous io B 
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is precipitated as cuprous hajide. The result depends on tamp., cone, of soln,, 
current density and cone, of acid, but it is not influenced by the hydration of the 
ions, Ifith cone. sob. the On : Ag ratio does not agree with Faraday's laws because 
the ratio may fall down to zero where no copper or cuprous salt is deposited on the 
cathode. The hydration theory does not fit into these facts* but the theory o^ 
auto-complexes gives a satisfactory explanation* for* the un-ionized salts of weak 
electro-affinity form complex anions* and since cuprous salts have a weaker 
electro-affinity than cupric salts, they will bo mom prone to form complex anions ; 
and hence* whore no copper or copper salt is precipitated on the cathode during 
electrolj r sis, the discharge at the cathode is wholly; Cir-^Cu+O, or 
->Ou(H20) B » , -|-(u“m}^0+0- and the cuprous salt formed is not precipitated 
in cone. sob. as it is in dil, soln.* but rather forms a soluble cupricupro-salt; and 
the transport number is negative, 

A compromise between the hydration theory and J, G. Drninan and H. Basset's 
theory of complex ions* explains the colour changes as a result of displacing the 
equilibrium condition: CuCl^ttH^O (brown) -j-mCr^fn—pjHaO+fCuC^.Cl^.pH^Oj'* 
V, Kohlschutter bases his equilibrium equation on the assumption that the hydrates 
formed in sob. correspond with the ammonia complexes whose existences has been 
demonstrated* and in accord with A. Werner's co-ordination theory, assigning to 
copper the co-ordination number 1. 

H. 0. Jones attributes the absorption band in the ultra-violet to the hydrated 
un ionized molecules* (i) because this band narrows rapidly with dilution even when 
the mol. cone, is kept constant; and (ii) because the band also widens rapidly 
with a rise of temp.* showing that the absorbing power of the complex increases 
rapidly with a decrease in the complexity of the complex. The absorption band 
in the red is attributed to the solvated metallic ion. 

If a ray of light of intensity / jjaa&tja through a l&ycr of homogenrous medium of thick- 
noas tlx, the intensity is coduerd dl so that di= where it iA a constant whoso magni¬ 

tude depends on tlio nature of the Hul^taTioe and the wave-length of the incident light. 
Integrating thin relation for tho condition that when s—U T /■=/,„ then neglecting any loss 
duo to reflection, it follows that / — / C c - H a relation known as J. H . Lambert's £cwv. For 
faoln. and gUMOi, the absorption on tho cone.* V t us well os on the thickness, i, of the layer, 
J, H- Lambert's law won extended by A. Boer to include the assumption that each 
molecule—absorber--absorbs the same fractional portion of the incident Jight when the 
cone. C is proportional to the number of the molecules in the sain, Hence follows the 
so-called Beer's law lor monochromatic light: /( a ^ Gi t meaning that tho absorption 
of light of a given wavelength is proportional to the number of absorbers in tho path of 
tho light. When Boer's formula is referred to the base a* instead of the hose <s* it heeonaee 
/ = where a denotes a constant sometimes called tho molecular extinction eo- 

etfrtrcnf. If the absorption is proportionally greater in the more cone, solutions* A, Beer's 
law fails, and tho coeff. a decreases inversely as the concentration, ft is found that for 
chi, gain, tho deviations from A, Beer's law are small. Tho rule* of course* will not bo 
applicable if mol, aggregates or comi>lexes are formed. 


With the chromatic soln. whose colour changes with cone, the relative cone, 
of the absorbers are continually changing, and hence A. Beer's law is not applicable 
for it assumes that the cone, of the different absorbers do not change with dilution. 
The law breaks down, for example* with the ultra-violet band of cupric chloride, which 
narrows with dilution even when the number of molecules in the track of the beam 
of light is kept constant, so that the product of the cone, C and thickness l is con¬ 
stant. For oonc* aoln. of cupric chloride* bromide* sulphate, and nitrate* E, Muller 
showed that the vsluus of a arS nearly the same; while* according to T, Ewan* 
the absorption spectra of these soln. change on dilution* tending to become identical 
in dil* som,, so that a changp in tho cone, of the soln. has not tho same effect as a 
corresponding change in the thickness of the lajer through which light passes, 
as would be the case ii Beer’s rule obtained. This is taken to mean that the add 
and basic parts of the salt are associated in producing absorption in cone, soln,, 
but in dil. soln. they act independently. He also adds that the results can be 
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explained by the ionisation hypothesis buf not by hydrolysis as postulated by 
H. Knoblauch, or mol, aggregation assumed by H. E. Armstrong and J, Traube. 
H. 0. Jones also assumes that the results an not produced by mol aggregates 
which are broken down by a rise of temp,, since the absorption is increased and 
(pot decreased by a rifle of temp. 

W. N, Hartley and others hive shown that the absorption bands which widen 
with a rise of temp, also widen with increased cone,, so that a rise of temp, produces 
much the same effect as an increased cone. If the observed change wen due to 
the formation of complexes between the solute molecules and the solvent, this 
would not be expected, because the change produced by* a rise of temp, on such 
complexes is just the opposite to that produced by an increase in cone. On the 
other hand, H. C. Jones and J. A. Anderson have shown that the changes produced 
in the properties of complexes formed by the union of ions and the solvent by a 
rise of temp, are the same as are produced by an increase in cone. As a soln. becomes 
more cone, these complexes beome simpler and simpler, since fewer molecules of 
the solvent are combined with each part of the dissolved substance ; and a rise 
in temp, also breaks down the complexes into simpler ones. The work of E, Muller 
and R. A, Houstoun has shown that ionization alone, as postulated by W; Ostwald, 
is not able to explain the deviations from A. Beer's law, hence, R. A. Houstoun 
assumes that a watery atm. forms round the acid radicle and another round the 
basic radicle, and only when there is not sufficient water to form a proper watery 
atm. the spectrum is affected. H, C. Jones therefore argued that Ostwald's theo ty 
may be dismissed, not because it is erroneous, but because it is incomplete. It 
leaves out of account certain changes which occur in soln. which, produce other 
absorbents for light than those which the ion theory considers. H. C. Jones 
further considers that the coloured ion is usually surrounded by an “ atmosphere " 
of the solvent, in other words, the coloured ions are hydrated. 

From his Htudy of the absorption spectra of soln. of cupric chloride and 
of binary mixtures of cupric chloride with the chloride of hydrogen, potassium, 
lithium, calcium, Hluminium, or zinc, F. H. Gctman inferred that in extremely 
dll soln., the absorption of light is assumed to be due to the presence of copper 
atoms holding in combination as many molecules of solvent as correspond to the 
co-ordination number of the metal, which, in this case, is four. In extremely 
cone, soln., complex anions containing copper have been shown to be present, 
and to these the hypothetical formula, CuU^, has been assigned. Other complex 
ions, in which, one, two, or three of the water molecules of the tetrahydiated 
copper ion have been replaced by chlorine atoms, are assumed to be present in 
som. of intermediate concentrations. 

Solutions of cupric chloride in non-aqueous solvents,— Anhydrous cupric 
ohloride is soluble in alcohol. The soln. in inethyl alcohol is brown when cold, and, 
according to A. IStard, 24 it deposits a green precipitate when heated to 30°. According 
to C> A. L. de Bruyn, 100 parts of methyl alcohol dissolve 08 party of the salt at 
15'0°; and, according to A. fitard, the sat. sob. at 22° contains 36 1 8 per cent,; at40°, 
47'ff per cent.; at 5G°, 37T per cent.; and at 60°, 37'5 per cent. The mol. vol, of a 
mol of the salt in 1'27 9 to 126 656 litres of methyl alcohol ranges from 0*52 to 33‘4. 
The mol. conductivity for a mol of CuCl^ in v litres of methyl alcohol is ^=8'08 
when u=1*997 J and p=Mil014 when o=226'616. The corresponding degrees of 
ionization, a, are a^O'OS and Or=0‘12 respectively. H. O. Jones and W. ft. Yeawy 
have studied the electrical conductivity and the temp, coeff. of the conductivity of 
this salt in mixtures of methyl alcohol and water/ F. W. O. de Coninck also found 
the dihydrated salt to be very soluble in methyl alcohol, forming a green or yellow 
soln. The anhydrous and dihydrated salts are both soluble in ethyl alcohol. E. Bbdt- 
ker « found much heat to be developed in the former case, and a dark brown sob, 
is formed; in the latter case the colour of the sob, varies from green to yellow. 
According to C. A. L. de Bruyn, 100 part* of ethyl alcohol at I5'5° dissolves between' 
62*9 and 53*9 parte of the anhydrous salt; and, according to A. itard, the 
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solubility rises from 26 per cent, at^-20° to 45 per cent, at 66°. According to 
E. Bddtkerj if a diop of water la added to the alcoholic soln,, crystals of 0uCi^2H a 0 
are immediately precipitated, and if the alcoholic soln, be cone, in vacuo, crystals 
of cupric dinlcoftoichloride, CuClg^CgHgOH, are formed, H, C. Jones and C. ¥. Lind¬ 
say observed a maximum viscosity and a minimum conductivity in mixtures of 
alcohol and water, and W. M. Blanchard attributes this to the presence of a maxi¬ 
mum in the amount of the associated cupric chloride molecules. The refractive 
indices of alcoholic soln, have been determined by C, Cheneveati; the thermal 
conductivity by W, vor Beetz; the raising of the b.p. by H, Ley; the eq. con¬ 
ductivity by H. Ley; the mol. conductivity by V r Kohlschufcter and M, Kutschoroff; 
and the electrical conductivity and the temp, ooeif. of solo Jn aq. alcohol by H, 0, Jones 
and W- fi. Veazey. According to A. fitard, a sat r sole, of the salt in normal 
propyl alcohol contains 30'9 per cent, of CuCljj at 19°, and 30G per cent, at 60°; 
isopropyl alcohol, 11'0 per cent, at 32 23’3 per cent, at 70* and 28'7 per cent, 
at 84° ; allyl alcohol, 23 4 per cent, at — 2G a , 23 3 per cent, at 32° ; and normal 
butyl alcohol, 15 8 per cent, at 23 c , IGT per cent, at 55°, and 16 7 per cent, at 92°, 
S'. W. 0. de Coninck also found the dihydrafced salt is very soluble in propyl, isobutyl, 
or amyl alcohol. 

A cono. soln. of anhydrous cupric chloride in acetone u* dark yellowiflh-grecn and, accord» 
fag to H, Lay, 25 after standing Home woeka it bucumc£ pole yellowisb+browii, and its electrical 
conductivity increase. H. C. Judds and W* It, Veaaey found that a compound is formed 
between cupric cldoride and acetone; with long standing the soln. forms cuprous chloride, 
A eat. soln, at 20 g r containu 8 - Sfl per cent, of CuClj.liHjO, and at 2\\ 9 , 2 J 88 per cent, of Cu01 a . 
According to A. l£tard* and W, Eidmarm, the solubility increases with rise of temp, rather 
more than is the case with ethyl alcohol. A. Naumann’u value for the ftp. gr. of a sat. ooln, 
at 18 a is Q-8154. H, Loy has moaaured the electrical conductivity and the b.p. of the aoln, 
A, Naumonn, and W. Eidmann report that stannous chloride precipitates cuprous chloride 
from thO'OCdtone soln. ; ammonia gas precipitates CuCl a .2Nll,; orflonie, chromium, gold, 
and platinum do not act on the soln. ; sliver, magnesium, cadmium, copper, mercury, 
cobalt, nickel, lead, end bismuth act slowly forming cuprous chloride ; iron acta slowly, 
zinc acts rather mere quickly forming copper; aluminium and tin form both copper and 
cuprous chloride. The soln. of dihydrated cupric chloride in acetone ia grwnish'yallow. 

Anhydrous ctlwr dissolves a little anhydrous cupric cldoride, 0-043 per cent, according 
to G, Uodtkcr,the soln. ia greenish-yellow, and it is decolorized on exposure to light 
with tho formation of cuprous chloride which, according to A, K Gehlon and P. Bohland, 

£a precipitated on the addition of water ; it is a ]ho decolorized in a blue but not in a red 
flask, and when ammaina is added to tho liquid no blue coloration appears. According 
to F. W, O. do Coniuck, dihydrated cupric chloride is insoluble in ether, but, according to 
G, Bodtkar, 100 grms, of absolute ether dissolves 0 j 0{Jl grm. of the i-hloride. The salt 
also dissolves in acid ified ether forming a brown soln. 100 gmis, of ethyl acetate, says JS. - 

ander, dissolves 0-4 part of CuClg, forming a brown soln, of sp, gr, 09055 A, Etord 

says tho solubility jm 3 per cent, at —20°, and I - 3 per cent, at 72°; and ethyl formate, 10'2 
percent, at —20,9'4 per cent, at 24°, and 7'2 per cent, at 50°. 

Anhydrous cupric chloride forms doable compounds or other products 11 with the 
fatty amines, acetamide, piperidine, pyridine, quinoline, aniline, methylandine, toluidine, 
naphthylamine, ditnethylanUine, thiourea, methyl sulphide, and with ethyl sulphide the soln, 
forma cuprous chloride when boiled for a long time. According to B. Varet, anhydrous 
cupric chloride and zinc cyanide in soln. or dry at lB0 g -170 g gives cyanogen, and this hu 
been recommended os a convenient means of preparing this gas, t 

According to G, Bruni and A. Mauufilli, 1 * anhydrous cupric chloride id soluble in ure. 
thane / Hoarding to A. Werner, it is soluble in bmionitrile and the other aromatic nitriles. 
According to F. W. O. de Coninck, dihydrated cupric chloride dissolves ia formic acid, 
pyridine, a-pkotine^ and acetonitrile ; it ia insoluble in btnzaldghyde, triviethykufline, amtau, 
o tohfidine, methylene chloride, ethyl iodide, propyl iodide, ethylm* bromide, benzene, toluene, 
o+xyUne, liyroin, nkrobensene, and turpentine ; and is insoluble in cold but soluble in hot 
flycvl, glycerol, paraldehyde „ and amtic acid, 

Chemical properties o! cupric chloride. —H. C. Lea 80 did not succeed in trans¬ 
forming cupric into cuprous ■chloride by press.; and B. Abegg, and E. Wiedemann 
and G. 0. Schmidt observed no change when the anhydrous salt is exposed to 
cathode rays. The anhydrous chloride deliquesces in air and forms the dihydrated 
salt. ^ Fireman and E, G, Fortner found anhydrous cupric chloride shows the 
first sign of dissociation at 344*; when cleaned in oxygen, H, Schulze found cupric 
vql, in, v u 
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chloride to be transformed into oxide with the evolution of chlorine ; and when 
heated with a mixture of hydrogen chloride and oxygen, it stimulates the oxidation 
■with the formation of chlorine as in Deacon's process for chlorine - probably forming 
an oxychloride. C. Poulenc found cupric chloride to be incompletely decomposed 
by hydrogen fluoride at 300°. The salt is reduced to the metal when heated in a 
stream of hydrogen, Coal gas, or when heated with calcium carbide. According 
to F, Wohler, if cupric chloride be fused in an atm. of ethylene, CgH*, largo 
bubbles of ethylene chloride, Cy^Cl^, are evolved which ignite and burn with a 
red flame, forming hydrogen chloride and soot; copper and cuprous chloride 
are formed, E. Filhol and J, E. Senders ns found that no sensible decomposi¬ 
tion occurs when gulphur is heated with soln, of cupric chloride, nitrate, or 
sulphate; but "W, Wardlaw and F. W, Pinkard showed that in the presence of 
cone., not dil., hydrochloric acid* about five per cent, of the cupric chloride is 
reduced: 6CuCl a -l-S"h4H 2 0-(5CuCl + 6H(1+II 2 S0 4 ; and A* Manuelli found that 
when a solo, of cupric chloride acidified with hydrochloric acid is heated with 
sulphur in a sealed tube at 15l) o ’lft0 o , part of the cuprie chloride is reduced to 
the cuprous salt. P. Fireman found cupric chloride is reduced to cuprous chloride 
when heated with ammonium chloride in a tube at hydrogen chloride, 
nitrogen, and ammonium chloride vapours arc evolved, H, iiose showed that 
cuprie chloride is not decomposed in the cold by sulphur trioxide vapour; and 
when melted with phosphorus, phosphorus pentachlorido and cupric phosphide 
are formed; heated with phosphine* cupric phosphide and hydrogen chloride are 
produced. When heated with arsenic sulphide, cupric sulphide and arsenic tri¬ 
chloride arc readily formed, but, according to C, E* Ranmidsberg, not so readily 
with antimony sulphide. H, Feigcl found that cupric chloride is converted by 
sulphur chloride into cuprie sulphide, Nitroflyl chloride does not affect cupric 
chloride. T. S. Hunt said that when heated with ferrous oxide, cuprous'chloride 
or copper is produced, and ferrous chloride and ferric oxide* It, Hcuinann obtained 
a brilliant orange-yellow powder, CuOl.IIgS, by heating a mixture of cupric chloride 
and mercuric sulphide : 31igS [ iiCuCl^iitCnf^JIgSj-hHgClj+S. According to 
G. Quincke, molten cuprie chloride dissolves metallic copper. According to 
N. Dhar, when cupric chloride is boil yd with organic adds— tartaric, citric, lactic;, 
and malic add -no reduction to the cuprous salts occurs, but if an oxidizing agent 
like potassium permanganate be present, reduction occurs. No precipitation 
of the cuprous salts occurs, but a complex remains in soln, Cupric oxalate is 
immediately precipitated from soln. of cupric chloride by Oxalic acid. 

Cupric Oxychlorides. —When cupric chloride is exposed to the air, what appears 
to be an oxychloride is formed, A great number have been reported, but probably 
most of them are mixtures, and there is no guide in distinguishing chemical indi¬ 
viduals from mixtures until they have been investigated in the light of the phase 
rule* For convenience, representing the mol* ratio CuO: CuCl^: H^O by numbers, 
the following eighteen basic cupric chlorides have been reported; * 


* 1,1.1 (G. Rousseau, 11 and C* Roichard); 2*1,0 (R. Kane, and J, JJ. Gladstone)♦ 2. 

(A. Soaochi, and C, R Rommelaberg)—represented by the minerd atrtine ; 3.1.0 (M. Berbhe- 
lot. and J. L, Proust); 3,1.11 (A. Colson, and H. Baubigny); 3.1*S fW. b, Miller and 
F* B. Kanrick); 3,1.3; 3.1,3£; 3,1.4; 3.1.4* (R Field, 0. A. Burghardt and J. Tiitt- 
eohrif)—represented by atoumitt from Tocopilla (Bolivia); 3,1.5 (K. Kraut); 3.1.6 (F. Ber* 
thier, F. Field, and A. H. Church)—represented by the minerals botallavUe (Cornwall), 
and atiuamite from Tocopillft (Bolivia); 3*.1*4* (F* ^oindol) ; 4.1.6. (R, Kano); 4*1,8 
(A. H. Church)—represented by the mineral (Cornwall); 6.1.9 (C, A Neumann); 

6,1.12 (A. H. Church)—found as a natural product in Cornwell; and 8.1.12 (G. A. Konig, 
and L. Darapsky)— represented by the mineral fovtv.U^ J. A. Hcdvall and G* Boobarc 
obtained 3.1.4 by theaetion of copper oxide on a mixture 6f alkali chlorides at 100U & , and 
beating for a Long time with a eoln. of alkali chloride. 

4 

The basic salt, 3 Cu0.CuC 1 3 .3H £ 0, or 3 Cu(QH) 2 .CuCI 2> is regarded by A. Aferner® 2 
as a hevofoupric chloride, lCu(HO,Gu,OH) s ]da) E. Ludwig supposes the copper 



COPPER 


179 


in the molecule to be qnadrivalent; while J* Dupont and IL Jansen, finding that 
two-thirds of the water is lost at 300°, supposed the last molecule to be differently 
constituted: Ci—Cu—G—Cu—Cl.H a O; while A, Matfhe regards it as a tetra^ 
cuprio chloride* The mineral culled alacamiie has a composition which varies 
between 3,1,3 and 3.1.6; and which is usually taken to be 3,1.4; and to distint 
guish this from 3.1.3-saIt* G. F, H. Smith proposed to call the latter pttrtUacamUe* 

J. Dupont and H. Jansen prepared the 3.1,3-salt by heating a neutral dii soln. 
of cupric chloride, or a mixture of cupric oxide and a soln* of cuprio chloride, in 
a sealed tube at 335° ; ?, Sabatier treated cupric oxide, CtiQ, hydroxide, Cu(OH) E , 
or the brown 4CuO,II^O, with a hot or cold soln. of cupric chloride ; A. Mailhe 
treated a soln. of cupric chloride with cold nickel hydroxide or carbonate, or with 
heated nickel oxide ; A. Mailhe also obtained a blue precipitate by adding freshly 
precipitated mercuric oxide to a soln, of cupric chloride—the dry yellow or red 
oxide acts very slowly—according to H. Rose, only the oxide is precipitated. 
L* Sabbatuni boiled a soln, of ammonium cuprichloride with water. 

The bluish-green amorphous precipitate remains many hours in contact with 
water in a sealed tube unchanged. It begins to decompose at 200“, and at 250° forms 
a dark brown hygroscopic mixture of cupric chloride and oxide ; and at a higher 
temp, water and hydrogen chloride are given off. 

The 3.1,3-mineral paratacamite forms trigonal crystals; hardness, 3; sp, gr,, 

3 74; refractive index, l'8G4, The 4.1.4-mineral atamacito forms emerald-, 
grass-, or dark green nystals which are rhombic bipyramids with axial ratios 
a : b : c—(l 5G13 :1 : O 7515 ; hardness, ITQ-3'5 ; sp. gr., 3'7G3-4'3I4. 

M. Bcrthelot 33 synthesized the 4*1.4-mineral by exposing copper foil, moistened 
with hydrochloric acid or a soln. of ammonium chloride, to the action of uir. The 
resulting green powder was washed. Sodium chloride and sulphuric acid can be 
used in place of hydrochloric acid. Copper foil can also be laid on a mush of copper 
sulphide, sodium chloride, and water. K. Kraut warmed a mixture of copper oxide 
and hydrochloric acid ; C. Fricdel heated a mixture of cuprous oxide with ferric 
chloride soln. for 48 hrs. in a sealed tube. Green cn^tals of artificial atacamite 
appeared, J r L r Proust made it by exposing moist cuprous chloride to the air, and 
removing the cupric chloride simultaneously formed by washing; M. Groger 
passed air through a soln. of cuprous chloride in cupric chloride free from hydro¬ 
chloric acid ; li. Brim sat, a hot soln. of potassium, sodium, or ammonium chloride 
with cuprous chloride, and on cooling a crystalline powder separated out. G. Rous- 
scuu heated a mixture of cupric chloride soln. and magnesite in a sealed tube for 
three days at lSO^Uif; J* L* Proust digested a soln, of cupric chloride with 
cupric hydroxide, or of cupric chloride mixed with a little alkali hydroxide ; 

L. Bourgeois treated a soln. of cupric chloride with urea in a scaled tube at 130°. 

V\ von Lang decomposed the double compound CnCI^.2C & H s K with boiling water ; 
W, Crum boiled a soln, of cuprio nitrate or sulphate with a little calcium or sodium 
hypochlorite ; *H. Dobray heated a cone, soln. of sodium chloride with basic copper 
nitrate or copper tetrammino-aulphate for some days at 2fKJ \ The product of 
these reactions is a green powder, crystalline or amorphous. Tbc heat of forma* 
lion, according to M. Berthelot, SCuO+CuCJjj -f-lHiG—23 Cals. According to 
G, Rousseau and G. Tite, 34 the product scarcely loses any weight if dried for 
several days between 150° and 20Q°, between 210° and 220° it loses all its water 
and blackens ; at 340° it begins to decompose. According to T. C. Cloud, when 
boated in a current of oxygen, cupric oxide remains, cuprous chloride sublimes. 

It is not soluble in water; it is decomposed by sulphuric acid. The so-called 
fU.3^salt is probably the 3.1.4-salt. VV, T, Cassdmann, and F* Field obtained what 
was considered to be this product by treating a boiling soln, of cupric chloride with 
acetates of the alkali or alkaline earths, magnesium, zinc, cadmium, manganese* 
nickel, or cobalt; or by treating copper acetate under similar conditions with the 
chlorides in question. Formates, propionates, or valerates may be used instead 
of the acetate. F, Reindel, and J, Habesmann have also studied this product. 
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31 G, Rouleau* Comp. Bend., 110.1202* 1892; G. Iltiebaid, Ftotm. Ztg., 50. 214, 1905; 
R, Kane* A*in. Cfom. Phtffa (2J* 70. 277* J339 j J, L, Fwmi, *i„ (I), 32, 2(5* 1790; (1J* 50. 350. 
180* j M* Uerthdot, (ft), 23. 500, 1881; Bull ttw. Chttn. t (2), 3&. 3(55, 1882; Comp. Bend., 
9ft 450, 1880 ; A. Cohen* t7?. h 140, 274* 1905; H. Hauhigny* rA, 07. 900* 1833; J. II. Gladstone, 
Jmm,C}Km,i>oc.,& 211* 1855; F. Field, d,7. 193, 185,5; A. H Church. tb„ 17, 8i*212, 1800; 
A. ftciicchi. Contnhuzione Mtneralogia, Napoli, 2. 22, 1885; C, F. Rainmelnbcrg, Bandbudi der 
Min&itlchemic, Berlin, 1880; W. R JJilkr and F, U, Kcnriek* 2'nirt^. flop. floe. Canada, [2} t 
ft 35. 1002; C. A. Burglmrdt, CArJn. Ntn-tt, 37. 215, 1878; J. Tuttfthdl, Zcil Chem-t (2), 6. 
HO* 1870; K. Kraut, Lwbig*s Ann, f 206, 297* 1891; 1*. Berthicr, Awh, Mtnw, [3J* 7. 542* J835; 
G A* Neumann, Rejmrt. Phai'm., 37. 304* 1831; L. JJatApaky, Jafob. Mm., 2 u, 1, 
1889; G. A. Kunig* Zat. Krpufa 10, (H>1* 1891; F, ltemdd, Journ. prakt. Chetit., (J), 10ft 378* 
1809; J, A. HedvaJl and G. Booheig. Zeti. anorg. Cfnm. 7 119, 213. 1921. 

a * A* Werner* Bcr., 4ft 4444, 1907 ; E. Luduig, JAdng* Atm., 160. 74, 1873: .1. Dupont 
and H. Jansen, Bail. floe. Chim., (3), 0, 193, 1893; A. Mai J he, Ann. Chtm. Phys., (7J* 27* 30ft 
394* 1902 ; C<m-pt. Rend., 133. 1275* 15*01 ; P. Sabatior, i h., 135. 103, 1897 ; G, F. H, Smith, 
Ztii. KTi/et.) 43, 28, 1007; H* Koue, Fogg, Ann., 107. 27ft 1859; L. Sabhataui, J^h. Cfttmictt., 
1 1808* 

a > L, Bourgeois, flail floe. Mifa 13, 00, 1890 ; Ball floe. CHm. t (3), ft 500* 1890; J. ft. Pruust* 
»ft> (1), 32, 48* 1799 ; A. Vogel, Dingier's Join a., 136. 23ft 1855; M. Groger, Zed. anorg. Cbm., 
2ft 15ft 1901 ; M. iienhelot* ib,* (3), 11 859, 1894; Cmup. Htxtl, lift 704* 1894; Ann. Chim. 
Phyfa (7ft 4 540, 1895; (5), 30. 504, 188(1; C. Friodd, Comp, fltnd., 77, 214, 1873; E. Brun, 
ib-,100. 00* 1889; (ft ituusaean and G. Tite* ^,*113. 193, 1801 ; V. vuil ftang, fla,, 21 1581, 
18SS; K. Kraut* Liebig's Ann., 206* 207* 1891 

** G FViedol, Comp. Rend,, 77. 214, 1873; (ft Kouaseau and (ft Tite, ib.* lift 193, 189J ; 
A. G Becquerd, ib., 71. 197* 1H70; E. Brun* ib. p 100, 00, 1889 ; Attif. flat. (3), ft 211, 
1889 j H. Debray, ib., (2)* 7, 104* 18&7; R Field, Fhtl Mag., (4), 24, 123* 1802; W* Crum* 
Liebig's Ann., 56. 213, 1845; T. G Cloud* Chcm. Afewr, 34. 254* 1870 ; 1". Field* Joum. them. 
S«. f 28, 57ft 1873; R Reindd, Jon™. praK Cto.m., (1)* 106. 37ft 1809; J, Habennann, tfite&er. 
Akad. tfiflii.flO. 268* 1884; J fomttsk, 5, 430, 1884; W. T. Cardin an n* Liebigs Ann., flfl. 213, 
1850. 


$ 17. Complex Salts of Cupric Chloride 

Thfl solubility of cupric chloride in hydrochloric acid first decreases ae the 
proportion of ths acid increases and reaches a minimum when about 20 per cent, of 
HQ ia present. The following is a selection from It. Engel s results 1 with the 
cone, expressed in milligram eq,—JCuC^—per 100 c*c. at() c : 

HCl * .0 4-5 10-5 37 5 70 25 1025 128 0 

CuCl, , , 91'75 S0'8 70 35 50 0 22 8 23'5 26 7 

6p,gr* * 4490 D475 1«135 1310 1231 H88 1323 
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The increase in solubility is attributed to the formation of complexes. R. Engel 
obtained dark red needles of the compound trihyfratod CttpriC hydro-trichloride, 
CuCla-HClSH^O, by passing hydrogen chlorido over dihydrated cupric chloride, or 
by fluturating a soln, of about 20 per cent, cupric chlorido at 30°-35° with hydrogen 
chloride* and cooling the product to 0°. The compound can be regarded as ^ 
trichlorocupriu add, HCuGl 3 ,3H a G, corresponding with the sodium, ammonium, 
and rubidium salts. This product rapidly loses hydrogen chloride in dry air and 
becomes green ; and the green crystals become red again in a stream of hydrogen 
chloride. According tf, \. Naumanu and E. Alexander* when the yellowish-brown 
Boln. of cupric chloride iu ethyl acetate is treated with dry hydrogen chloride, a 
brown mass is obtained which becomes green on exposure to air. W. Eidmann 
found a similar product is formed when a soln. of cupric chloride in acetone is 
similarly treated. It is readily soluble in water, and its composition coTresjxmds 
with cupric diliydm-tetrachloride, Cud^SHd, or tetrachlorocupric acid, H^GuC^ ; 
P. Sabatier obtained hyacinth-red needles of the penta hydrated cupric dihydio- 
tetrachloride, Cuf-l^HCLSH^O, by leading hydrogen chloride into a soln. of cupric 
chloride sat, with hydrogen chloride, and cooling the brown product to —lO 0 . It 
loses hydrogen chloride on exposure to air, forming dihydrated cupric chloride. 
It, Naumnrm obtained red needles of cupric trihydro-pentachlonde, CuCI 2 .3H01, 
or pentachloro-cupric acid, H ;[ CuC1 5 , by passing chlorine and hydrogen chloride into 
a tfolm of Itf gnus, of CuCIja.^H^O in 40 c.c. of water, and after standing for an hour 
separating tins crystals by means of a suction filter, 

A. Ohaasevant ~ found, that transparent garnet-red crystals of the double chloride 
of lithium ami copper were formed when cone. soln. of eq. amounts of cupric and 
lithium chlorides are mixed together and the magma evaporated in vacuo bver 
phosphoric acid m on a water-bath. The green crystals of cupric chloride first formed 
dissolve forming a red soln,, and this deposits crystals of the double salt which 
A ('hasNcvant regarded as ruCh.LiCl.SJHgO, but which W, Mcycrholfcr showed 
to be dihydrated lithium tricMorocuprate, CuCVLiC1.2H a Q, W. Meyerhofler 
found the saturation curve nf the, double salt and lithium chloride to be 


CVG7CuCl a | 3U'HLK'[ per l<io mtils of water at l4 h fT\ and 4 + IX>CiiC 1 2 A51 ] '9LiCi at 
; while the sat unit.ion curve of the double salt and dihydrated cupric 
chloride at 183° is | on;uOI H ]-21'()LiGl at 18 3° and I■!2CnCl 2 H~ 1G'4LiiCl at 
118 5°. In this temp, interval the double salt is decomposed by the water, and it is 
present iu tup soln, only when ail excess of lithium chloride is present* P* A. H* 
Sclirtunemakers and A, 0, Noorduyn studied the ternary system, LiCl—CuCl^—H e O, 
at 30°, and found dihydrated lithium 
cup rich loiide to be the only double salt 

formed. A 


Fig, 2S represents on equilateral Irb /\ 

Hngio, FQll, yilh each iside divided into / \ \ / \ 

10 equal parts and with lines parallel to 6o /—\—\jC — - 

fiach of tho throe aides. If the apices bo \/J|\ /\ 

taken to reprewnt pure components ; points /I \ Y rl \ / \ * 

on the sides ol tho triangle will represent \ ■■ XWl X - 

corresponding binary mixtures; and points /\\ / 'll 1/ \ / \ 

in tho interior of the triangle ternary mix- / \% Wi ^ X \ / \ 

turns. The vortical distance of any line ' Yr j}Y\l ~ A - ' /\° 

from the Bide opposite tho apex represents / \ / \ /\An / \ / \ 

the percentage amount ol that eopatituent r 4 \/ \/ R\«rt 

iu tho ternary mixture. The area ABO Ao~~ 60 l #3' F £0 0 

represents nut. eoln, which for equilibrium 6 zo w 60 &i JOGUCl 

d^ueit dihydrated cupric chloride* and Fio. 28.—Equilibrium Diagram for the Ternary 
represents the oompesitfon of a sat, jfrstom, CuClj—IiCl—H.O, at 30°. 

Bom. of tliis sslt at 30° when in equilibrium 
with the solid phase j A represents the solid 

salt. Similarly, the region 2?IX7 represents sat. soln. which for equilibrium deposit the double 
salt CuCl 1 .LiC1.2H,0, and BD represents a sat* uoln. of tho solid in equilibrium with the 
solid phase. Likewise alio the area DEF etfd the line DF with rwpeat to the solid phase 
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LiCl.HjQ. The above data for the mutual aoZubdlitlea of t]$b two ohloridea are plotted in 
Fig, 29. Points in the area ABDQ represent unsaturated soln.; points on the line AB 
represent eat, win. of sodium chloride, in the presence of ouprio chloride— A represents the 



Fm. 29.—Equilibrium Diagrams for tbrv Ternary 
System, CtiCI, -Nad—H a O t at 30". 


solubility of sodium chloride in water 
at $0°, and 1) T that of cupria chloride 
—points on DB represent sat. soln, of 
cupric chloride in the preecnoeof sodium 
chloride \ the point B represents a eoln. 
eat. with respect to both sodium chloride 
and cupric chloride. Soln. represented 
by points in the sector BDP represent 
Holn. which *for equilibrium break up 
into a sat. soln, end CuCl a .2H a O as a 
solid phase j points in the sector ABR 
represent hoIu. which for equilibrium 
break up into eat, soln, and NaCl as 
a solid phase ; and points in the sector 
EBP represent sab, which for equi¬ 
librium break up into a oat. soln. with 
both tfnUl and CuUl 5 l{|p aa two solid 
phases. The triangular diagram. Fig. 30, 
for the ternary system, CuCl 5 —‘-NHjCl 
—H,0, in a ahsp more complicated. 


When cryatub uf this double salt arc exposed to the air, they become opaque 
and decompose, funning crystals of dihydrated cupric chloride and deliquescent 
lithium chloride. The salt is also decomposed by water, but can be recovered by 
crystallization from a soln. of lithium chloride. The crystals melt in their water of 
crystallization when rapidly heated to 130°, forming a black liquid which, like 
lithium chloride, when heated to a higher temp*, decomposes with the evolution of 
chlorine; if slowly heated between 100 ° and 120 °, they become anhydrous and at 
the same time lose some hydrochloric acid; the crystals am best dehydrated by- 
heating to 120° in a stream of dry air mixed with hydrogen chloride, L. Cambi has 
prepared dark red LiCuCl a .IICOGH and yellowish-red Li0uCl a .CIl s CN by crystal¬ 
lization respectively from formic acid and acetonitrile. 

T. 8 . Hunt B ha* made a few determinations of the solubilities of cupric chloride 
in soln. of sodium chloride of different cone, between 11 ° and 90°, No double salt 
has been made. M, Siewert also failed to crystallize a sorftum chforocuprocuprate, 
which he claims to have obtained as an oily liquid by boiling a coin, containing 
cupric, cuprous, and sodium chlorides in the mol. proportions 1 : 2 : 2 , and adding a 
mixture of alcohol and ether. F. A. H, Schrcmemakers and F. W. C. de Baat have 
investigated the ternary system, CuClj—NaCl—H a 0, and found no evidence of the 
formation of a double compound. The following numbers are selected from their 
data, representing the percentage solubility of cupric chloride in soln. of sodium 
chloride, at 30°: 

NaCl , , 0 4 26 (141 10-25 12-23 15-40 20-61 20-47 

Cud, . . 43-95 4106 3940 30-66 32 40 2^-72 1103 0 

O. Hants 4 reported that blue crystals of the double chloride, dihydrated 
jihummium trichlorocuprate* CuCIj.NH 4 Cl. 2 H 2 O, are obtained by miring eq. 
quantities of cupric and ammonium chloride in aq. soln.—one prepared by neutral¬ 
izing copper carbonate with hydrochloric acid, and the other by neutralizing 
ammonia with the same acid. The crystals are soluble in twice their weight of 
water, P. P. Dohtrain made the same salt by dissolving cupric ammino-emoride 
in hydrochloric acid. According to P. A. Mwrbui^, 0, Hautz’s salt is not stable 
in aq. soln. in the vicinity of 11 °, and he doubts if it is a chemical individual. 
The ternary system, CuGV-NH 4 C1-H 2 0, at 11°, shows no evidence of Hautz’s 
compound. 

The results are indicated in Fig. 30. The curve ABVD is plotted from the following 
observations, where 100 grma. of a sat. solo. at 30° contain ; < 

CuCl t ..01-9 3*6 10*5 19-9 29*4 41-4 43*3 430 

NH 4 C1 . * 295 28-6 20-9 10*6 9'4 40 31 20 0 
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The curve AB fep resent* the composition of aoln- in equilibrium with ammonium chloride 
whose solubility in watqr at 30* m represented by the point A ; the line DC represents 
similarly the composition of win* in equilibrium with dihydr&ted cupric chloride ; and the 
curve BC represents the solubility of dihy» 
drated ammonium cupri-tetna chloride. The 
quadruple point* B and C represent the 
composition of soln. in equilibrium with two 
solid phases, CuCl 2NH 4 CL 2H,0 respectively 
with NH,C1 and with Cua^ZHjO, The 
composition of unsaturated soln, at 30° is 
included. Within the region ABCDQ the 
soln. is un*atu rated \ and the composition 
of soln. which separates at 30° into one 
or two solid phases is included in the region 
ABCDPB. AU points in the sector ABR 
represent soln. which form a soln. and solid 
ammonium chloride; BOX, sola, and solid 
CuClrSNH^CLaH,©; CDT, sola, and solid 
CuCl,.2H a O; BXR t soln. and two solid phases 
KH*C1 and Cud*.2^*01.211,0; CTX t soln. 
and the two solid phases CuCL s .2H,0 and 
CuCl t .2XH*C1.2H,0; and TPR, systems 
which separate into three solid phases NH 4 CL, 

(JuCl jp and CuClj.SHiO. The point a repre* 
sente the salt 1,2.2 ; k, the salt 1.2.1 ; and c t the salt 1.2.4, nunc uf which finds a place 
in this diagram as a chemical individual at 30°, and a further quost Uitwcoii -11° and 
SO 1 ’ likewise pisrved nugatory. 



The 1.2.2-doubh chloride, le. dihydrated ammonium chloiocuprato, 
CuCl E .2N 11^01.2^0, was prepared by A. Vogel by mining eoln. of cupric sulpltete 
and ammonium chloride ; the first crop of crystals was a double sulphate of the 
two bases, then followed crystals of the 1.2.2-double chloride. The same salt was 
more conveniently prepared, by T, Graham, and E, Mitscherlich, 6 by mixing cone, 
soln. of dihydrated cupric chloride and ammonium chloride in mol. proportions. 
P. A. Cap and 0. Henry made it by evaporating a soln. formed by adding ammonia 
to a soln. of cupric chloride until the precipitate first formed redissolved. A, Bouzat 
made the salt in an analogous manner \ It. H. Brett crystallised the soln, obtained 
by dissolving cupric oxide, hydroxide, or carbonate in a aoin. of ammonium chloride ; 
and P. P. Deh^rain, by dissolving cupric diammino-chloride in hydrochloric add. 

According to G. Wyrouhoff h the pale blue crystals form ditotragonal bipyramids 
which have the axial ratios : a : c=l: 0'7417. According to 0, lihmann, this salt 
forms mixed crystals with ammonium chloride, the double salt, SNI^CLFeCIa 
(bluish-green), and cobalt chloride (rose-red). G, Tscherraak gives the sp, gr. 

2 066; A* Johnson, 2 01; G. Wyrouboflf, 1060, V. von Lang found the ratio of 
the thermal conductivities parallel and vertical to the chief axis to he in the ratio 
1: 0'93 ; he also found the crystals to be paramagnetic. A. de Senarmont showed s 
that the crystals have a negative double refraction with refractive indices for the ; 
U-line =1'744, €=1*724. According to A. Bouzat, the heat of formation, 
Cudj^NH^oiii+1101^=30 9 Cals., and in soln., 31*7B Cals. The solubility* 
according to P. A, Meerbuig, rises steadily from 20 + 4G per cent, of CuCl 2 .2NH*Cl at 
—10 D to 43 + 36 per cent, at 80°; or, 

-10-6* - wsr - n a - ur o* ao so* 

CuCl|.2NH t d . 3-87 20 12 20 3 20 46 22 02 26 95 33'24 43<3B, 

Solid phase ice Cud 1 * 2 N'H 4 C 1 . 2 H l O 

H. L. Maxwell found by diffusion experiments evidence of the partial separation 
of the complex in aq. soln. into its component salts* H, 0, Jones and H, F* Bassett 
have measured the electrical conductivity and the lowering of the f.p*; the latter 
has also been determined by P. A. Meerburg, and by F. Rudorfl* 8olu* with a mol 
of the salt per litre are approximately 43"§ percent, ionized, and aoln, with 0*05 mol 
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per litre 83 2 per cent. According to W. Moyerhoffer, the eat. sola, freezes at —13°, 
at — 18° in the presence of &mnionium chloride, and at —30° in the presence of 
dihydrated cupric chloride. Aqua ammonia precipitate# a basic chloride from the 
an, soln,, and, according to R. Engel, hydrogen chloride gas precipitates the 
tout from its aq, soln, The crystals lose theii water completely when heated 
between 110° and 120*—without decomposition, said C, Tummo \ with the loss of 
ammonium chloride, saidT. Graham. According to W, MeycrbotTer, the transition 
temp,, CuCl^aN^CI^HaO^CuCl^NlLn+KH^a+SH^O, is MG". According to 
P, A. Cap and 0, Henry, the crystals decompose when stroogly heated with the loss 
of ammonium chloride, and the formation of some acid vapour and cuprous chloride. 
The aq. soln. of ammonium cupric tetrachloride dissolves iron but not carbon, and 
consequently a cone. soln. with about fi per cent, of hydrochloric acid can be used 
for the determination of carbon in steel. The soln. decomposes when heated with 
ferrous sulphide. According to E. C. Franklin and C. A. Kraus, the salt is 
soluble in liquid ammonia; and, according to 1\ A. Cap and 0. Henry, it dissolves 
in alcohol without decomposition, 

P. A. Mwrburg could find no ivubnce of tho 1.2.1 monohydratod salt, OuCI t .2NH t CLHnO+ 
reported by P. A, Cap and O. Henry; nor of the 1.2.3 trihydrated salt rtqiorii'cl hy 
L. PoUTgrois j nor of the tet-rnhydrated salt reported by I’\ Rudorff, K. Hcumtinn, find 
P* A, Cap and O, Henry. flior ia there any satisfactory evidenoa of l 1 . i h . Dtdi^ram’t; 
CuClj^NH^Cl, or of Jiisa CuC 1 3 ,0NH 4 CI. 11. Ritthuusen obtained cubic crystal* of ammonium 
dlammlno-telrachloroeupritB, Cufljj.2NHA3.2N.Ha, in the mother liquid remaining altar the 
precipitation of imirtionium cupric tetrachloride. 


F. A. H, Schrcmoinakers aud A. C. Noorduyn^ have investigated the ternary 
ay stem, CuCU—LiCl—H a 0, at 30°. \V. Meyerhof ler lias investigated the conditions 
of equilibrium for part of the ternary system, CuOL^ KCJ - H 2 Q, and established 
the existence of the two ilouble salts, CuCl 2 * 2 KC 1 . 2 H 2 0 and GuOL.KCl, which can bo 
conveniently represented as the 1.2 2-salt and the 1,1 -salt respectively. The 
system has three components, CuOL, KOI, and H 2 O r From the phase rule, there¬ 
fore, bivariant systems will have three phases—one solid, a liquid, and a vapour ; 
univariant systems will have four phases— two solids, a liquid, and a vapour; and 
invariant systems, five phases— three solids, a liquid, and a vapour, W. Meyer- 
hoffer s uxperiinentft, ranging between 39° and !l2 n , may be represented on a triangular 
diagram aB indicated by W. D. Bancroft, but they cover only a small portion of the 
field. The triangular diagrams, Figs. 30 and 31, represent isothermal systems. If 
the apices of u triangle also represent the m.p. of the components, and the temp, of 

points on the sides of the triangle 
are known, a series of isothermal 
curves can be drawn for the interior 
of the triangle, and thus not only 
composition, but a rough idea of the 
corresponding temp, can be obtained. 
In Fig. 31, M is the cryohydric point 
—11'4° for ice and potassium chloride; 
A T , approximately —23 n , is the corre¬ 
sponding point for ire and dihy- 
drated cupric chloride. Following 
W. D. Bancrofts treatment: along 
MS, ice and potassium chloride are 
solid phases; along AT, ice and di- 
hydTatcd- cupric chloride. The two 
curves do not meet, since probably 
the 1.2.2-salt appears at both S and T, Each of these points, therefore, represents 
an invariant system with three solid phases, liquid, and vapour; but this portion 
■ of the diagram has nob been closely investigated, Along a curve connecting 8 and 



Fio, 31*—Equilibrium Curves of Portion of the 
« Ternary System, CuCL a —KCl—H s O, between 
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T the soHd phases will be ice and the 1.2,2-salt, and, as shown below, the temp* will 
rise i n paaaing from T to A\ Along SBA, the ^olld phases arc the L2,2~aalt and 
potassium chloride, and at A , 924 Q , the rod LI-suit is formed* The point A 
represents an invariant system with three solid phases—KC1, and the 1,2.2 and 
LI-salts—and along AK the uni variant system with two solid phases “1.1-salt and 
KOI. Starting from T along TOB, the solid phases are the 1.2.2-salt and CuC^^HgO. 
^The point B t 5G'2 & , is a quintuple point representing an invariant system with three 
solid pha&Cfl^Cud^HaO, the 1,2,2-salt and 1.1-suit—liquid, and vapour. Beyond 
B, along BG } the univarj mt system haa two solid phasic—1 .l-s?dt and OuCIjj.SHljO. 
Along BA t the two solid phases are the L 2.2-suit and the LI-salt. Potassium 
chloride exists as solid phase in the hi variant, region hounded by MSDAU \ 
dihydrated cupric chloride in the region bounded by NTOBtf ; the 1.2.2-salt, in 
the region SDABOT y and the 1.1-salt, in the region GBAB. The dotted line ZZ 
represents sola, containing twice as much KCl as OuCL, vet it dura not pans into the 
region of stability for the 1.2.2-snlb, and therefore this salt is decomposed by water 
with the precipitation of potassium chloride, and the green colour of the 1.2,2-salt 
corresponds with a slight decomposition and the prcsEmce of traces of mother liquid 
containing cupric chloride. The aq. solii, is stable in the presence of potassium 
chloride. The dotted Imu XX represents soln, with the ratio CuCl^; K Cl - -unity; 
the held for the 1.1-salt is cut by this line at 72°, and from this temp, upwards 
it is possible to obtain a soln. w ith the sails in the same ratio as they are in the solid 
phase. Between u6’2° and 72 CI , the Ll-salt is decomposed by water,forming the 
L2,2-ealt—the range of instability is nearly lfi°. The line ZZ, extending from the 
10011*0 apex representing the m,p. of ice, connucta this point with the m.p, of 
potassium cupric tetrachloride, and hence the temp, should rise in passing from 
T to S. TJie salt component present at S is necessarily that which is precipitated 
by the action of water on the 1.2.2-salfc, or, as F* A, JL fleh re ine makers expresses it: 

The eryehydric temp, of il jhoJu. m equilibrium u i(h a double kjlU ami the cumponajiL 
whieli doeji not precipitate, is Inwr.'r than the ui-yuhytlric temp. tit a win. m equilibrium with 
double salt and the cumpoin'iit whkh precipitates. 

If the double salt be not decomposed by water, the points T and S in Fig, ’ll would 
lie on opposite sides of the line ZZ,and there would be a maximum temp at 
the point where ZZ cuts tins curve, joining T and S. Accordmg to the so-called 
theorem of A. C, van Rijn van Alkeniadc, and in agreement with F. A. If. iSt-limine- 
m alters and W. Mcyerhoffer : 

If rilu t wo points in the Lmmgk which eorrespuml te the ( j uni{>oaitiojis ot two solid 
phases be connected by a line, thu temp, ut which Uiese sumo two phases cun In? in equili¬ 
brium with sola, and vapour, rises tis the boundary curve appruachefl ihis line, becoming a 
maximum at the intersect ioij, though the boundary curve often cease!* to bo stable before 
this puint is reached. When thn two solid plowed are tvo of the components, flic line 
connecting the m.p. is one ot tlio sides of the triangle- - 
* 

and therefore, if this theorem be correct, the temp. must, rise in passing along a 
boundary curve to the side of a triangle. For example, dihydrated ammomtftn 
cupric tetrachloride, CuCl^NHjCLSLI^O, is in equilibrium with ice and ammonium 
cklorido at —15*, with ice and dihydrated cupric chloride at - 42 while: the cum 
connecting these points passed through a maximum at —12'7°. 

M, Grdger? made potassium trichlorocuprate EOuClj or KCLCuda, by the 
action of & soln, of cupric chhwide in hydrochloric' acid (up. gr, 119} on powdered 
potassium chloride—aay by r shaking for 3 hr.s, a mixture of 10 grms. of dihydrated 
cupric chloride ; 4 grins, of potassium chloride ; and GO e.e. of hydrochloric acid. 
Filter the mixture out of dbnt&ct with air ; press the crystals on filter paper ; and 
dry in vacuo over sulphuric acid. W, Mcyerhoffer purified the 1.2.2-salt by dis¬ 
solving it in fairly warm cone, acetic acid; garnet-red needles of the 1.2.2-salt 
separate out on cooling the brown soln. The neodle-like crystals arc filtered while 
still warm, and dried, in the air-bath at 100°, W* Meyerhoffer showed that this 
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compound is formed by melting the two solids together—but there is ft colsiderable- 
loss of chlorine; or by evaporating a mixed sob. of the two salts with continued 
stirring so as to avoid the separation of potassium chloride. The sp, gr, of the* 
crystals is 2*80; and, according to A. Chassevant, they can he heated to redness 
'Without decomposition- They dissolve in cold water, forming a blue sob.; they 
decompose in moist air, 2KCuCJ 3 4^H 2 0=CuCl 2 .2KCJ + 2H a 0+CnCl a .2H 1 0 J but 
the mixture reforms KG.CuCl 2 after standing some hours in a desiccator. 
W. Meyerhofler investigated the solubility of this salt in the presence of cupric and 
potassium chlorides. J. G. 0. Yriens found the heat of sob. of a mol of the salt 
KCuCL, in 200 mols of water to be 5'56 Cals., and also showed that the vap. press, 
of 1.2.2-f-Cu01 1 i.2H 2 0+soln.+vapour, and of 1.2,2+1.1 +CuCI 2 ,2fT 2 0'fv&pQUr; 
L2.2-f-Tl+sofo.-l-vapour; aud 1.2.2+l.l+CbQ 2 ,2H 2 0-f-vapour; and of 
1.1 soln. + vapour, all coincide at 56 a . 

F, Godeffroy * mixed a cone, sob, of potassium chloride and of cupric chloride 
in cone, hydrochloric acid, and obtained no precipitate, G. Hensgcn claimed to have 
prepared anhydrous potassium cupric tetrachloride, K 2 CuCJ 4 or CuCl 2 .2KCl, by 
passing hydrogen chloride into a sat. sob. of K 2 S 0 4 .CuS 0 4 .(jH £ 0 , when green 
crystals of the dihydrated potassium tetrachlorocuprate, KXuCl^HaG, separate 
out; if the crystals themselves be treated with the ga*s the colour changes from 
blue to green, and bright red spots appear, which disappear if the crystals be 
melted. The red crystals were probably the 1.1-salt, tin* green cj-ystals the 1.2.2- 
salt. E. Mitscherlich, C. F. Rammelsbcrg, and V. A. Jacquelain prepared the 

I. 2,2-salt by cooling a warm cone, sob. of the two component salts. Acoordii^g 
to W, Meyerhofler, the sob. can be evaporated just under the b.p. without 
decomposition. According to G. WyroubolT,® C, F. Kammelsberg, and A. Fook, 
the greenish'blue crystals form ditetragonal bipyramidswith the axial ratio 
a : c=l ;G'7G25. They form mixed crystals with the corresponding ammonium 
salt, and, according to A. Fock, there is a lacuna in the aeries between 2777 
and 54 87 per cent, of CuG 2 .2KC1.2H 2 0. The sp, gr, is 2392, according to 
H. G. F. Schroder; H, Kopp gave 2 359; and H. Schifl, 27. According to 
W, Meyerhoffcr, when heated, the salt decomposes into KCl.CuCh and KG. 
In sat. sob. the garnet-red 1.1-aalt is formed at 93 a ; at lower temp,, in the 
presence of cupric chloride, the 1.2.2-salt appears at 5fi D . The transformation 
CuCJ s .2K(^.3H a 0T= i CuG 2 .KCl+KCl-h2H 2 0 occurs at 927° and. the transformation 
2KCuC! 3 ’f-4H 2 0^iCuCI 2 .2KCI.21^0+CuCI a ,2H 2 0 is at f)f> H 2 a . These two trans¬ 
formations illustrate the rule stated by W. D. Bancroft: when one of the solid 
phases can change at a quintuple point into the other two with the addition or 
subtraction of water, the inversion point is a minimum temp, for that phase if water 
be added to complete the reaction, and a maximum temp, if the water be subtracted 
—for 92*4° is a maximum and 56'2° a minimum temp. According to P. A, Favre 
and C. A. Valson, w the heat of soln. of K 2 CuQ 4 , 2 H a O is —G;982 cSs.,while for the 
individual salts CuCl 2 ,2H 2 OH-2KCl it is —4*502 Cals.; J. G! 0. Vriona, the heat of 
sob. of a mol of the 1.2.2-salt in 200 mols of water is “6 958 Cals. F. Bl. Raoult* 
a&dH, C. Jones and H, P. Bassett have determined the lowering of the f,p., and the 
two latter also the sp, gr, and electrical conductivities of soln. of this salt. 

J. G. C. Vriens’ values for the vap. press, of the systems 1,2.2 ^KOl-Hwh. ^ 
vapour; 1^.2+1.1+sob. and vapour; and 1,2,2+1.1-hKG-hvapour; 1.1+KCl 
+soin.-j-vapour, all coincide at 92'0°. 

An aq. soln. of cupric chloride with an excess of osesium chloride is bright yellow/ 
resembling the yellow colour of the soln. of cupric chloride in hydrochloric acid, 
F. Godeffroyu prepared brilliant yellow rhombic prisms of fflwinm tefcrachloia* 
Cuprate, CuG^ECbCl or C^CuC^, by mixing in sob. 50 grroa. of cecsium chloride 
with fi to 25 grins, of cupric chloride. The salt can be crystallized if redissolved to 
form very cone, sob,; with dil, sob. hydrated salta are deposited. H. L. Wells 
and L. 0, Dupre found an unstable bluish-green dihydttted C&tium tetochloro* 
cuprate, Ct^CuCl^HgO, to be formed by the spontaneous evaporation at low 
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temp, ofwln. containing nearly eq, proportions of the two salts. They also made 
dark brown triclinic crystal of dihydr&ied ceesium haptaoblorodicnprata, 

0 ^ 0 ^ 017 * 21^0 or 3CaCL2CuGl£,2H 2 0> by allowing soln* with the required pro¬ 
portions of the two salts to evaporate at ordinary temp. If the soln. be too cone, 
and warm, one or both of the anhydrous chlorides, GsaCuC^ or OsCudg, will be de¬ 
posited* The crystals are nearly.stable at ordinary temp.; the crystals lose their 
water at 100°. Similarly, H* L. Wells and L, 0, Dupre made gamet-red slender 
hexagonal prisms which were black by reflected light, and which had the composition 
of caesium trichlorocupi^to, CuCl 2 ,OsCl or CbCuCLj. The crystals were formed under 
a wide variation of conditions up to the point where the mixed soln. is sat. with 
cupric chloride. E* H. Duclaux studied the rjrsium salt. 

When a soln* of cupric chloride is treated with aqua ammonia, a greenish-blue 
hydroxide is precipitated, and this is soluble in excess of the ammonia, forming an 
intense blue soln. The soln. contains a compound with at least CuCl 2 : NH 3 =1 :4, 
and a higher anuoino-compound may be formed if the cone, of the ammonia be 
great and the temp. low. The reaction between the ammonia and copper salt is 
attended by the development of much heat A* Bouzat lE found that by treating 
a mol of cupric chloride with four mols of ammonia, 18'05 Cals. of beat arc 
developed; with 5 mols, 15 5 Cals.; with 6, 20 20 Cola*; with 7, 2065 Gals. ; 
with 8, 21’0 Cals. ’ with 10, 21 50 Cals.; and with 12, 219 Cals. N. W, Fischer 
treated a soln* of cupric chloride in an excess of aqua ammonia with cadmium, and 
found the copper to lie completely precipitated as metal and basic salt; iron partially 
precipitates the copper ; lead, a little copper ; and tin, antimony, or bismuth, no 
copper. 

M, Faraday noted that “ chloride of oop]>cr fused is powerfully acted upon by 
ammonia. It immediately burst** open upon being placed in the gas and, absorbing 
great quantities, falls into a blue, powder.” II. Rose's estimate of the amount 
—737 per cent —absorbed was shown by A. Bouzat to be too high, and his result 
waa probably complicated by the presence of moisture, because not nioie thou 
43 + 5 per cent, of dry ammonia gas is absorbed after the anhydrous chloride has 
stood 22 hrs, in the gas. This corresponds with cupric hexftmmilio-cbloride, 
CuCI< i .GNHg. According to G. Gore, dihydrated cupric chloride is insoluble in liquid 
ammonia ; but A* Bouzat found the anhydrous chloride is converted into a similar 
blue powder when in contact with liquid ammonia at —30°. If the temp, of the 
liquid be at —70°, and subsequently raised to —10°, A, Bouzat thinks there are 
indications of an ammino-compound still richer in ammonia than the hexammino- 
ealt. E. Alexander and A. Naumann also obtained cupric hoxammino-chloride os 
a green precipitate by the action of dry ammonia on a soln. cf cupric chloride in 
ethyl acetate. The prodnet was washed with 0 thy 1 acetate. Acco rdi ng to A. Bo uzat, 
the heat of formation is 94 + 5 Cals. M. Faraday said that when the product is 
heated, it melts and gives off its ammonia while cupric chloride remains; E* Alex¬ 
ander said that some chlorine is lost as ammonium chloride and H. Rose that cuprous 
chloride remains. According to R. Kane and A. Bouzat, it loses 2NHs at 90°, and 
another 2NHg is lost between 135* and 149°—L, Sabbataui gives 10G c -12if > . 
According to F* Ephraim, at toodi temp, a mol of cupric chloride takes up 575 
mols of ammonia, and the resulting compound on heating slowly loses ammonia up 
to 103°, when it contains 5'08 mols \ a further elevation of the temp, up to 107 , 
produces a sudden fall in the ammonia content to 3'3fi mols, corresponding with 
the deep ultrAmarine-blne, tricupric dacairiTnino-cfaloriflB, SCuCls.IQNHa; the 
ammonia content then remains constant up to 124°, when gas is again evolved, and 
at 127°, the residue contains 2 09 mols of ammonia, and docs not evolve ammonia 
until 270°, when it melts,*and on cooling solidifies to a hard cake. D, W, Horn 
found that the hexammino-compound is stable up to 20°, and dissociates at 467° 
under a press* of 20 mm. The salt is insoluble in liquid ammonia, but is soluble in 
itater, forming an ammoniacal soln* of cupric chloride—some blue hydroxide may 
be precipitated if the proportion of water is great. 
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Anhydrous cupric pentammino-chloride, CuClj.SNHg, is not known, but 
F. Ephraim say a that cupric pentammino-chloride forma solid soln, below 105°, 
which attain the composition CuClg+5NH 3 at about —1G°* A, Bouzat claims to 
have prepared the sesquihydrated pentammino-salt, CuCI 2 .5Nff a .l|H 2 0, by cooling 
an ammoniacal soln, of cupric chloride to —15°, or by the action of ammonia on the 
same soln. at 0°. The heat of formation, according to A. Bouzat, is S41 Gala, at 
14°; 81'7° cals, at 13°, The dark blue crystals form the diammino-salt when 
heated, and are soluble in water and in aq. ammonia. The aq. soln. precipitates 
cupric hydroxide when diluted. The crystals remain unchanged in an atm. of dry 
ammonia, but if allowed to stand under a bell-jar over potassium hydroxide and a 
mixture of lime and ammonium chloride the hemibydratod salt, CuCl g ,uNH s .jH 3 0, 
is formed. 

A, Bouzat prepared anhydrous cupric tetrammino-chlaride, Cud a .iNH a , 
obtained by heating the hoxaimno-ault to in a closed vessel with an exit tube 
dipping under mercury ; and L. Sabbatani by allowing the dihydrated salt to stand 
over a mixture of lime and ammonium chloride. The bine salt is unstable, it is 
soluble in a little water, and when diluted, cupric hydroxide is precipitated, but not 
if ammonium chloride be present. It dissociates at about 140°, forming the 
diammino-salt; its heat of formation is 72 07 Cals, According to F. Ephraim, 
tricupric decamnuno-chloride, 3CuCL z .loNII 3 , is formed at ]05° and is stable up 
to 124* whim it furnishes the diammmo-salt. By passing ammonia through a hot 
sat, soln. of cupric chloride, until the precipitate first formed has redissolvcd, and 
the Roln. allowed to cool, R. Kane and A. Johnson obtained blue monoclinic crystals 
of Jiydrflted cupric tetrammino-chloride, CuC^.lNHj.H^O. V. Eohbchiitter 
precipitated the same compound by adding alcohol to an ammoniacal soln. of cupric 
chloride. It forms deep blue pleochroie crystals belonging to the monoclinic 
system. The salt loses ammonia on drying, and if heated below 14D° it loses ail 
the combined water and half the ammonia. The violet soln. obtained by the 
addition of potassium chloride and ammonia, becomes blue when warmed. The , 
addition of a N-KC1 soln. precipitates the diammiuo-salt, Dihydiftted cupric 
tetrammino-ehloride, CuCL4NII ;V 2H 2 0 t was made by A. Bouzat by evaporating 
an ammoniacal soln. of cupric chloride in an atm. of ammonia at ordinary temp.— 
say under a bell-jar over a mixture of lime and ammonium chloride. The same 
salt was made by cooling a hot cone. soln. of cupric; chloride in ammonia* Tho 
deep blue crystals lose ammonia and water between 100° and 125 D , forming the 
diammino-compound. Tho salt dissolves in a little water, and when tho soln. is 
diluted, cupric hydroxide is precipitated. Tho heat of formation is 79 0 Cals, at 
11", 7fr9Cak atl3°, 

R. Kane made cupric diammmo-chloride, CuCL, F 2NII 3 , by heating tho higher 
ammino-compounds to 14Q* ; A* Bouzat to 135* ; and L. Sabbatani to 100°-125 a * 
F + Ephraim describes it as being pure green when hot, and light grecnish^bluo when 
cold, T* Graham made it by saturating warm cupric chloride with ammonia ; 
Y. Kohlsehutter, by adding ammonia to a sat, soln. of cupric chloride; and 
W. Eidmann by leading ammonia into a soln. of cupric chloride in acetone* The 
green Balt does not change in air; it yields cuprous chloride and nitrogen, ammonia, 
and ammonium chloride when boated. With water it gives a bluish-green pre- 
clpitate of a basic chloride, 1CuG.CuC1 2 .6H 2 Q* According to F* Ephraim, the 
diammino-chtoride decomposes below 270°, Y, Eohbchiitter found it to he soluble 
in an excess of aqua ammonia, forming complex cations Cu{NH a ) 4 ff , Tho heat of 
formation is 43 65 to 45 6 Cab., and that of the J-hydrated salt, 4G l 2-4G l 6 Cab. 
Small blui&h-grecn microscopic crystals, which A. Bouzat claims to bo 
CH 1 Clj. 2 NIIa.iH 2 O, arc formed by precipitation from an Ammoniacal soln, of cupric 
jUoride at 50 c by the addition of alcohol. If the temp, is too low, some cupric 
;etrammino-chloride is precipitated; and if too high, some cupric hydroxide is 
precipitated. T 1 

K. A* Hofmann and E, (h Marburg treated cupric chloride with an alcoholio 
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soJn, of hydrazine hydroxide and obtained pale blue crystals approximating in 
composition cupric dihydrazixu) chloride, Cu (N 2 H 4 )£CI 2 ; they soon decomposed 
when lcept in a desiccator. 
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$ 1& Coproos Bromide 

Copper reacts with bromine vapour at a dark red Heat vigorously- and with 
incandescence, forming a mixture at cupric and cuprous bromides; it the bromine be 
J in excess, cupric bromide is formed* According to A. Colson, 1 the reaction occurs 
at ordinary temp, with finely divided copper which has been reduced at a temp, 
below 280°, According tq H. Gautier and G. Cbarpy, copper wire is slowly attacked 
in darkness by dry bromine—thus, at 15° a copper wise lost 0 371 per cent, in 
weight in 8 days and 1740 per cent, in four months; at 100°, it lost 6'G2 per cent* 
in 8 days; and a piece of wire 5 cms. in length and 2 mm. in thickness dissolved in 
bromine water in contact with an excess of bromine in 7 to 8 days* M, B, Renault 
found a layer of cuprous bromide is formed by boiling a plate of copper with a soln* 
of bromine in potassium, ferric, or cupric bromide; and G. Bodlander and 
0. Storbeck obtained a film of colourless tetrahedral crystals of cuprous bromide 
under these conditions. T. Sandmeyer also boiled one part of copper turnings with 
a soln. of one part of crystalline copper sulphate, and four parts of potassium 
bromide, acidulated with one or two parts of acetic acid. The cuprous bromide is 
precipitated as a white powder which is then washed and dried* G. Denig4s 
' employed a similar process for the chloride. 

0. F, Rammelsberg 2 noted that when cupric bromide is heated to redness, it is 
reduced to cuprous bromide, and E. A. Atkinson found that by heating copper to 
redness in a stream of hydrogen bromide cuprous bromide is formed—if elements 
wJbjch form volatile bromides are present they are expelled—arsenic and antimony 
each in 1J hrs., and bismuth in about 2^ hrs. With hydrogen chloride, under 
similar conditions, a much longer period—fi to 8 hrs—is required for the separation 
’ of these elements. Hence the method is recommended for certain analytical 
separations. 

B* Lean and W. H* Whatmough 3 extended F* Wohler's process to the prepara¬ 
tion of cuprous bromide by tho action of sulphur dioxide on a mixed aq* soln, of 
copper sulphate and alkali bromide: 

About 20 grms, of copper euJphate and 8 grins, cl sodium bromide wum dissolved la 
300 g,gl of water, and treated with a stream of sulphur dioxide. Small white crystals of 
cuprous bromide were formed, Th^so were filtered rapidly from the mother liquid, washed 
with sulphurous acid, spread on a porous tile, and exposed over potassium hydroxide in 
vacuo. Tho resulting crystals were coloured pale greenish-yellow. The mother liquid 
lurabhod nioro crystals when warmed to expel the sulphur dioxide. G. Eodliinder and 
O. Storbeck used a similar process working with a worm soln. The water used for washing 
the cuprous bromide was previously boiled in a stream of carbon dioxide to expel dissolved 
air wmoh decomposes ouprous bromide. 

Cupric bromide, according to V. Thomas, is reduced to the cuprous salt by nitrogen 
dioxide, NO, or tetroxide, NO a ; and, according to A, K. Cbristomanoa, phosphorous 
bromide, PBr 3j reacts turbolently with cupric nitrate—solid or in soln—forming 
Vuprous bromide, and at the same time, nitrogen peroxide and bromine vapour are 
evolved. A, Naum&nn also found that a soln. of calcium bromide in acetone pre¬ 
cipitates a little cuprous bromide from a soln. of cupric chloride in the same solvent— 
piesumably the acetone reduces a little of tho solute to the cuprous form. 

The properties of cuprous bromide*— Cuprous bromide, CuBr, like the corre¬ 
sponding iodide and chloride, crystallizes in hejakis-tetrahodra. According to 
B, Goasnar, 4 the tetrahedral crystals are readily obtained by crystallisation from 
hot hydrobromio acid; and by G* Bodlander and Q, Storbeck, by leaving a copper 
piste standing in a soln. of potassium bromide. The crystals are possibly isomor 
phous with those of the chloride* K. Monkemeyer obtained a continuous series*of ■ 
mixed crystals between cuprous bromide and cuprous iodide, between cuprous 
chloride and cuprous bromide, and between cuprous chloride and cuprous iodide ; 
with the latter, there is a gap in the mixed crystal series so that the_liqtridus 
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rurve forms two separata branches meeting at a eutectic, R, W. G, Wyckoff and 
J3- Poaujak found that the X-radlOgrams correspond with the double face-mi tred 
cubic lattice of the zinc sulphide class, with sides 582 A., and the nearest distance 
of the atoms 2 '49 A, According to 0* H. D. Bodokcr, the specific gravity of 
cuprous bromide is 472 (12*). P. Walden studied the mol, voL * 

C. Lbwig* reported in 1829 that cuprous bromide melts at a red heat, and 
T> Cnmdley and W. C. Williams found the melting point to bo 504*±7°, while 
K, Monkemeyer, and F. de Cesaris gave 480 & . According to K, Mdnkemcyer, 
there is a transformation at about 384“, which corresponds with the fact that 
between this temp, and the imp. the solid is doubly refracting, and singly refract¬ 
ing below this tamp*, a-CuBr (doubly refracting}^-CuBr (singly refracting). 
P. de Ceaaris places the transition tamp, at 384°, According to K. Munkemeyer, 
a-cuprous bromide, melting at 480 & , forms a continuous series of mixed crystals 
with cuprous chloride, melting at 41!)°, and ths liquidus curve has u mini mum 
alwut 408*, corresponding with about 6071 per cent, of cuprous chloride. Tho 
progressive addition of cuprous chloride steadily lowers the transition tamp, of 
cuprous bromide from 334° to 373° when 22 82 per cent, of cuprous bromide has been 
added, P, de Cesaris found that when mixed with cuprous bromide, the m,p, of 
potassium bromide falls from 760* down to a 
minimum at 182° when about 86 mol, per cent, 
of cuprous bromide lias been added. At 234°, 
a now solid phase, 2KBr.CuJ3r, appears. This 
is illustrated by P, de Cesaris’ curve, Fig, 32, 

T. Uarnelley and W. C. Williams’ value for tbe 
boiling point of cuprous bromide is 861° to 
954^, A, Werners values® for the molecular 
weights of cuprous bromide determined from 
its effect on the b.p. of pyridine, methyl sul¬ 
phide, and ethyl sulphide are respectively 
148 44, 139, and 220^226; when the calculated 
value for CuCl is 143. G. Bodlauder and 
0, Storheck’a calculations from the equilibrium 
between cuprous and cupric ions and of the 
undissoeiatad salt; and from the e.m.f. of cone, cells, agree with the formula 
Ou,Br E . 

The heat Of formation of cuprous bromide from its elements is Cu+Brh r[L 
—CuBr-b24 985 Cals, (J. Thomsen}, 7 30 Cals, (M, Berthelot), the heat of formation 
CuiO^+2HBr--60 64 Cals. (M, Berthelot), or in uoin., 20 76 Gala, (J. Thomsen), 
Assuming the heat of formation is 25 Cals,, G, Bodlander and 0. Btarbeck give the 
free energy of formation —22 3 Cals. It. Luther and D, R. Wilson’s value for the 
work of oxidation in the formation of cuprous bromide from copper corresponds 
with an c.m.f* of -0TiG4U volt, M. de K. Thompson’s value for the free energy of 
formation from liquid bromine is —237 Cab. at 18° ; and the total energy, —26 Cata 
The heat evolved in replacing chlorine by bromine is 2'9 Cals. 

According to M. B. Renault, and P. RohLand, cuprous bromide forms a white 
crystalline powder which, when exposed to sunlight, becomes a dark blue; the 
change is much slower in diffused daylight. F. Thomas also studied the action of 
light on the oxidation of this salt. Cuprous bromide does not decompose when 
heated in a closed tube, but in a crucible, the vapour which is given off colours the 
flame green, 1 J. B, Berthemot 9 supposed this salt to be insoluble in water, but 
between 18° and 20 a , G. Bodlander observed a solubility of 0'000250i mol of 
cuprous bromide per litre. *A» in the case of cuprous chloride, cuprous bromide is 
hydrolyzed in aq. sola,, 2CuBr+tf 2 0=2HBr+Cu 2 0, and it is partly converted into 
cupric chloride and metallic copper, 2CuCl—CuCla+Cu* The hydrolysis is not so 
marked with cuprous bromide os with the chloride* According to B* I^an and 
H. W. Whatmougb, in the presence of air, cuprous bromide, like the chloride, is 
vol. nr. 0 
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decomposed by water, but Iho. action does not take place so readily. Cuprous 
bromide is soluble in hydrochloric or hydrobYomic acid, and the soln. in the last- 
named acid, sdns davits, contains in eoln. colourless Cuprous hydro-bromide. 
Water precipitates cuprous bromide from the soln, According to (J. Lowjg, the 
win. of cuprous bromide in hydrohromic acid when treated with ferrous sulphate 
gives a precipitate of metallic copper while ferrous bromide and ferric sulphate arc 
formed : 2CuJ3r-f 3 FcS 04 = 2 Cu+FeBr a -J-Fe 2 (S 0 4 ) a ; mercuric bromide is reduced to 
mercurous bromide ; and gold is precipitated from soln. of gold chloride or bromide. 
Cuprous bromide is soluble in sodium chloride, and aodiupi thiosulphate, and the 
solubility, says M. B. Renault, is much less when the cuprous bromide has been 
previously exposed to light. The solubility, add G, Bodlunder, and 0, Storbeck, 
is increased if potassium bromide be present. Tims, with soln, containing in 
mols per litre: 

KBr . . 0 025 0 040 0 000 0 080 0 100 0'50Q 

Cu (total) . . 0 000119 ODOOJJOO 01)00310 0-000423 0 0005830 0 008719 

Cu foils) . , 0 000107 U 000I87 <HM)02S5 01)00411 0 0005830 0 008719 

This is evidence of the formation of complexes analogous to those with cuprous 
chloride. According to O. A. Barbieri, when cuprous bromide dissolved in a cone, 
sain, of an alkali halide is treated withasolmof iodine in xylene in an atm, of carbon 
dioxide, cuprous iodide iB formed. When cuprous hydroxide is treated with a soln. 
of potassium bromide a green product is obtained which W. Spring and M. Lucion 
regard ftA a cuproul oiybromide, CujQ^CuBr.HjjO, Cuprous bromide, says 0. Lowig, 
dissolves in nitric arid with the evolution of nitric oxide ; it also dissolves in sui- 
phurous arid, but, according to B> Lean and W. H. Whatmough, less readily than 
cuprous chloride, J, B> Berthe mot found that it is not decomposed by boiling 
cone, sulphuric arid, or by boiling acdic arid ; hydrocyanic arid, says R, Varet, 
converts it into coppor cyanide, A. Werner found cuprous bromide to he soluble 
in methyl and ethyl sulphides ; and J. Schroder, and A, Naumann, soluble in pyridine. 
W. Eidmann Bays cuprous bromide is not soluble in acetone, T. Sandmeyer noticed 
that with aromatic wtiido-ctwipounds tlie bromine of cuprous bromide displaces the 
NH^-group, 

Cunrous bromide dissolves in aquaaMwmmw, and, according to J. B, Berthemot, 0 
the soln, gives crystals of a double compound. T. W, Richards and B. S, Merigold 
prepared CUproUS ammino^hroillide, CuBr,NH s , by dissolving 10 grins. of cuprous 
bromide in the least possible quantity of ammonia, and adding 25 <\c. uf acetic acid. 
The crystalline product was washed with alcohol and ether, and dried over sulphuric 
acid under diminished press. All the operations were conducted in an atm. of 
hydrogen. The crystals are long flat colourless prisma which are quite stable when 
dry, but quickly oxidize when exposed to air in contact with water The salt is 
readily soluble in ammonia and in nitric acid, but not in the other mineral acids, 
or in acetic acid. According to S. J. Lloyd, if cuprous bromide be sat. yith ammonia 
gas, at 0°, and a curve be drawn showing the relation between the vap. press, and 
Temp, as the ammonia gas is gradually withdrawn from the system, curves cone- 
sponding with the formation of CuBr.l-jNHg and CuBr.3NH 3 are obtained—^ 
Kg. 26, at 100° and 90°. The first compound, cuprous w^niainniiiio-liromide, 
2(hiBr.3NHa, is made by saturating cuprous bromide at 0° with ammonia gas, and 
gradually withdrawing the gas from the system until the press, reaches 352 mm. at 
100°, The salt has a brown colour, and melts at t 13G & . The vap. press, at S3 D is 
300 mm,; at 100°, 363mm,; at 110°, 456 mm.; and at 120 c , 620 mm. By withdrawing 
ammonia gas from cuprous bromide sat. with ammonia gas until the press, reaches 
867 mm, at 100°, S, J, Lloyd prepared cuprous triaramino-bromide, CuBr.3NHs, 
as a green compound melting at 115°, According to T. W. Richards and B. S* Heri- L 
gold, the same compound is obtained b^ conducting dry ammonia gas over finely- 
powdered cuprous bromide, cooled in ice. The black powder is decomposed by 
water, it is soluble in aq. ammonia andinjnitric acid; it is very unstable and readily 
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gives off ammonia ; its vap. press, at 69* is 314 111 m.; at 78'o° p 347 mm.; at 90’5% 
601 mm.; and at 100°, 866 mm. F. Ephraim obtained a vup. preag. of 70fl mm. at 
49'3°, According to W. Rilta and \V. Stollenwerk : 

ttlUrU4H a itNHj CnJlrNDj 

Heat of formation m CaIk, . <ej 50 I4 l 64 » 

Temp, when diss, pmu. in* I Oil min. . 2630° 330 0 a liflO’O 0 

H* L, Wells and. E. B. Hurlburt 10 prepared ammonium cuprotribromidei 
CuBr.S 2 KH 4 Br, or (NItj) 2 CaBr.,, by mixing hot soln, of an excess of ammonium 
bromide, with cuprous bromide and hydrohruime acid in presence of copper wire, 
and cooling the mixture for crystallization. This product docs not oxidize so 
readily as the corresponding chloride* but the long colourless prisms do become 
green after a prolonged exposure to air. By using rather more cuprous bromide* 
colourless rhombohedra of hydrated ammonium cuprodibromide, NH^uBr^HgO 
or N^BrOuBtH^O, arc formed more stable than the preceding salt, E. Fleurent 
has prepared ammonium triammino-cuprotribromide* KfC 4 Br^0uBr.3NH ;j . 
Cuprous and potassium bromides also form potassium CUptotlibromide, CuRr.SKBr, 
melting at 2M & . Cuprous bromide melts at 4H0°* and potassium bromide at 73(1°, 
These salts can also be regarded as bromocuprites* 
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t 19. Cupric Bromide 

T. W. Richards 1 prepared anhydrous cupric bromide, CuBr 2 , by treating the 
astion of an excess of bromine in the presence of water upon copper. 

Copper is treated with a slight excess of purifird bromine in the presence of water* When 
the reaction is complete, the excess of bromine is expelled by gentlu evaporation to dryness 
in a gloss d[*h p and l-ho nearly normal cupric bromide dissolved in a small amount of water, 
and tho sain, Jiltered through fiaheatoH contained in a Ooouh’ir uruoible, The filtrate is 
barely oi-ididcd with hydrobromic acid, and cone, to the consistency of syrup, and the 
containing venae! left in vacuo for 3fl hr?, On agitation and cooling with ice, the resulting 
odourless, black, supersaturated soln. immediately crystallize! to a mass of brownish- 
green needles which were collected on a (iuoeh’a cruoibh 1 , and washed three timcH with a very 
little water. 

According to N. S. Kurnakoff and A, A, Sumentschunko, if the evaporation occurs 
below 29 y -3U 5 & , tetrahydrated cupric bromide, CuR^AHaO, is formed. The 
transition from the hydrate to the anhydrous salt, therefore, occurs at a lower temp, 
with the bromide than with the chloride. If the brown soln. of cupric bromide be 
evaporated spontaneously at the ordinary temp, of a winter'd day the pale blue dil. 
eolm becomes emerald green, and as the cone, proceeds, the colour becomes darker 
and darker until at last it acquires a brownish-red colour recalling that of iodine; 
crystals of the tetrahydrated salt are deposited. The seeding of the sole, may be 
required if under cooling occur*. 

f. Janna&ch and E. Rose made the anhydrous salt by passing bromine vapour 
in a stream of carbon dioxide over heated cupric sulphide. C, Lbwig evaporated a 
eoln. of cupric oxide or carbonate in hydrobromic acid, and melted the mass at a 
low temp, J, B, Berthe mot used a mixture of hydrobromic and nitric acid; 
C. F, Rammelsberg, I\ Sabatier, and T\ W, Richards evaporated the soJn. in vacuo 
over sulphuric acid. H. and W. Blitz used the following precess ; 

A Roln, of l!) gfiiia. of copjH'r oxide in hydrobromic acid grmu. of ILlir) m Uttered ; 
and evaporated to a small volume whereby tho colour becomes very dark. Tim Iijimiii and 
contents are placed m a desiccator which, for preference, is ovacuated. A solid mass of 
crystals id formed in a few days, Tim mass is thoroughly broken up each day to facilitate 
the desiccation. 

The addition of cone, sulphuric acid to a soln, of cupric bromide precipitates 
that salt as in the corresponding cusc of cupric chloride ; and, according to G, Viard, 
the bromide is attacked rather more than the chloride, although, even if the soln. be 
warm, the proportion decomposed is small. According to W. (X do Coninck and 
L h Arzalier, when a mixture of cupric, oxide and ammonium bromide is pounded in a 
mortar, or strongly compressed, an unstable amnioniacal cupric oxybromido is 
formed which is soluble in ammonia, and gradually lose.* ammonia,, and forms a 
green hydrated oxybiomidc, and a little cupric bromide. A, C. Christomanos 
retained a dark bluish-green soln. of cupric bromide as a by-proiluct in the prepara¬ 
tion of copper phosphide by shaking a soln, of phosphorus in ether or benzene with 
an excess of a 10 per cent, soln, of cupric nitrate and bromine ; he then converted 
cuprous bromide into the cupric salt by warming it with bromine on a water-bath. 
According to C. Lflwig, if tho emerald green soln, of cupric bromide in water be 
evaporated rectangular crystals of dihjfdtflttid cupric bromide, CuBr 2 .2H a 0, are 
formed; and, according to J. B. Berthemot, greenish-yellow needles of the same 
salt. 

The properties of cupric bromide,— According to F, Sabatier, 2 the prismatic 
crystals of anhydrous cupric bromide belong to the monoclinic system; they are 
almost black with a colour resembling that of iodine ; and the crystals of the tetra- 
hydrated salt form long green needle-like crystals also belonging to the monoclinie 
system. According to T, Carnellcy, the mgltuig point of cupric bromide lies between 
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491° and 5ll°—say 498° t P. Jannaseh and E. Rose found tho salt is rather more 
volatile than load bromide. Some bromine is lost when it is heated to its m,p T , and, 
according to J. B h Berthernot, and CL F. Rammclsberg, it loses half ita bromine when 
heated below redness, forming cuprous bromide; and CL Lowig applied similar 
remarks to the hydrated salt. If the cupric bromide is calcined in air, P. Sabatier 
showed that a little oxybromido is formed at the same time. 

M. Rerthciot 3 found the heat of formation of cupric bromide from its elements 
to be 60 Cals.; and J. ThomsengivcsCu f lir a i ir| .^ CuBr 2 -b32-5& Cak, and the heat 
of formation in dib sol*, is Cu+Br^ ^aq.^CuBr a aq.4-40 l 83 Cals.; this makes tho 
heat ol solution of a mol of the bromide in 4(X) tmoJs of water at tho room temp., 
8-25 Cals. P. Sabatier gives for the heat of solution of a mol of CtiBr a in dil, soln. at 
12*1 7'9 Cals., and for the beat of soln, of a mol of the tetrahydratod salt, 
CuRr^H^O, at 7 5°, —15 Gala, For the heat of hydration, CiiBr^w-Hil^Oji^ 
=CuBr :i ,4H 2 O so t|,i+9 J 7 Cak; or, if all the constituents are in soln., 3 7 Cak 
M. Bcrthelot also gives for the heat evolved in the displacement of the bromine by 
chlorine, 2x3 4 Cak For the photoelectric effect, see cupric fluoride. The 
magnetic susceptibility has been measured bv J. Kbnigsbeiger, 0. Liebknechfc and 
A. P. Wills, and 8. Meyer, and they obtained 7'0 to 7TiXl*H ) mass units for tho 
powdered salt, and 2 0 XlO fl mans units for the aq, .soln. at 17°, 

The anhydrous and hydrated salts are deliquescent, and. according to P, Sabatier, 
the tetrahydrated salt effloresces in dry air, ami loses all its water; its behaviour 
in moist air depends on the degree of humidity. The solubility, calculated by 
(1. Bodlander, is 13 eq. per litre. The changes of colour which occur with soln. of 
cupric bromide of various cone, are analogous with those which obtain with rppric 
chloride, and they arts explained in a similar manner. Presumably, on ammnt of 
the small clectro-affinity of the Br'-ions there is a greater tendency to form complexes 
with cupric chloride than with the bromide. According to P, Sabatier, even when 
protected from light, the soln, of cupric bromide, after a little time, contain free 
bromine, the quantity of winch increases rapidly with an increase in the quantity of 
cupric bromide, but is not proportional to it* the pro] Huttons of free bromine per 
litre after several months being 0‘88O grnu, 5120 grms,, and B grms., for 
110255 gnu,, 0175 grin,, andl2grm*, of copper. The hydrobromic acid is probably 
oxidized in presence of the cupric bromide in the same manner as hydrochloric acid 
in presence, of certain chlorides. P. Sabatier further fount I that very cone. soln. of 
cupric bromide am comparatively opaque, and their absorption spectrum can he 
obtained only in layers less than i mm. thick. The absorption spectrum of such a 
solo, resembles that of a soln. in alcohol, Tbt* absorption is greatest in the green* 
and the transmission is a maximum in the red. As tlie soln. is diluted* the absorption 
in the green decreases, and that in the red increases, until, with very dil, soln., the 
absorption is a maximum in the red, and very slight in the green. 

The general properties oE soln. of cupric bromide resemble those of tho corre¬ 
sponding chloride (r/.v.). Tho colour and tlie transport number, t?, with suhu of 
different cone., C\ at 25*, arc, according to H. G, Denham 4 : 

(J . . 04L4 HilJU 2 2rK S‘I&7 4 -OjjH 

r , r 0 445 0 440 0 OOO IV052 U OHO -O'tfitP -U 302 

Colour , , liPgiwn Green Ui-pn'im Hr-greeu Urnwn Deep br. I>eop hr. 

The negative values for the migration numbers are interpreted te mean that complex 
aniens are formed—say (CuBr^)"* (Cu^ESr^)", etc.—which carry out all the copper 
from the cathode comportment. If tho equilibrium On - ]-GuBr 2 -b2BrV^Cu" 
-h(CuBr 4 )" lies almost wholly to the right, the transport number would be iero; 
and if appreciable (Cn 2 Br 0 ) ;,r -ions were present, Cu L -h2CuBr 2 -h2Bi / = Cu' 1 
-|-{Cu s Br(t)'\ the values would be less than zero. 

P, Sabatier 5 says that alcohol dissolves the anhydrous bromide, forming highly 
opaque yellowish-red soln. According to W, Eidmann, cupric bromide, CuBr 2f is 
soluble in acetone r forming a dark green spin, which slowly deposits cuprous bromide 
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as a pale green precipitate ; and mercuric chloride precipitates cupric bromide from 
the dil. soln. J. Schroder, and As Naumann find it to be soluble in pyridine ; and 
D. W, Horn, soluble in liquid ammonia/ 

C. L5wig s reported that during the evaporation of-a soln. of cupric bromide, 
acftic bromine is lost, and when water is added some cuprous bromide is precipitated. 
A t Lowig also noted that a little ammonia gives a pale green precipitate with aq, soln, 
of (cupric bromide which is regarded as an oxybromide ; and T + W. Richards that 
cuprous bromide, under water, deposits a little oxybromide after standing six months 
in darkness. The composition of the cupric oxybromide ifc generally represented 
as 3CuG.CuBr2.3HaO, *,e. 3Cu(OH) a .CuBr a . E. Brun claims to have made it by 
allowing a hot sat, soln, of cuprous bromide in potassium bromide to stand in the 
air; and by adding hydrogen peroxide to the soln., an immediate precipitate is 
obtained. An aq, soln. of cupric bromide deposits a little oxybromide ; and 
J. Dupont and H, Jansen prepared the oxybromide by heating a neutral dil. 
soln, of cupric bromide in a sealed tube to 2(10° or 2125°. The oxybromide was 
made by T, W. Richards by the prolonged digestion of cupric oxide with a cone, 
soln. of cupric bromide ; and P. Sabatier obtained a similar result with cupric 
hydroxide-' with cupric oxide, said lie, crystals are slowly formed, with the hydroxide 
the product is amorphous, A. Mailhe also obtained the oxybromide by the action of 
nickel oxide, hydroxide, or carbonate on a soln. of cupric bromide. E. Brun also 
made the oxybromide by adding a cone. soln. of potassium bromide to a soln. of 
copper ammino-sulphate at UK)* 1 . 

The crystals of the oxybromide are dark green hexagonal or rhombohcdrul plates. 
According to T. W. Richards, the crystals do not lose their combined water when 
dried over cone. sulphuric acid ; and. according to K. Rrun, they lose very little 
water at 180° to BK)° ; at 210* to 215°, almost all is lost; and at 240" to 2tt) c , they 
ate completely transformed into cupric bromide and oxide ; while, according to 
J t Dupont and II. Jansen, they lose about two-thirds their water at and all the 
water at 250°—hence they regarded the oxybromide as Iwing analogous with 
atacamite, and as being constituted Br—Cu—0- Cu—OH'hH a O. The oxybromide 
is insoluble in water, but by a prolonged boiling in water, T. W. Rirhards converted 
it into cupric bromide and a dark insoluble product. According to E. Rrun, tilts 
oxybromide is soluble in ammonia and in dil. mineral acids; and, according to 
T. W. Richards, it is aolublc in dil. acetic acid, but net in dil, potassium bromide, 
although it is slightly soluble in a cone, soln. of cuprous bromide. 

According to R Sabatier, when a minute quantity of cupric- bromide is added to 
cone, hydrobromic acid, an intense purple coloration is produced, in consequence, 
probably, of the formation of a hydrobromide of the bromide. This reaction is 
more sensitive than either the fereoeyanide or sulphide reaction, and will detect 
0 0015 milligram of copper in a drop of a snln, of the bromide, but the hy drobrom ic 
acid must be cone. A mixture of potassium bromide with a sat. soln, of phosphoric 
acid can be used instead of hydrobromjc acid. By leading hydrogen hrtjmide into a 
cone* soln. of cupric bromide, the black crystals of cuprie bromide first deposited 
are rediesolvcd, and when the soln, cools rryslals of the dihydrated cupric hydtO- 
bromide, either CuBr 2 .HBr.2H 2 0 or 3CuBr 2 .21iBr.fiH a 0 are formed- the available 
analyses may represent either, but the first formula is the more probable. The 
crystals arc separated from the mother liquid, and dried on porous tilns. The 
crystals easily decompose with the evolution of hydrogen bromide, but they are 
fairly stable in an excess of cone, hydrpbromic acid which is thereby coloured purple, 
and tho purple solo, slowly becomes yellow on standing. If a soln, of cuprie bromide 
in 40 per cent hydrobromic acid be left in contact with the product of the action 
of hydrogen bromide on heated molybdenum trioxide, R.'F. Weinland and W. Knoll 
found that black hygroscopic needle-like crystals of deefthydrated cupric hyfiro- 
bromide, CuBr^.HBr.lOHgO, are formed. If tho molybdenum salt be omitted, 
crystals of cupric bromide arc alone obtained. When dry cupric bromide is exposed 
to ammonia gas, it swells up, forming *a voluminous blue powder to which 
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C. F. Rammelsberg * ascribed the formula CuRr^NH^ but T. W* Richards showed 
that C* F. Rammclsburg muat have analyzed a product which had lost some ammonia 
by exposure to air, and D. W. Horn also suggests that C. F. Rammelsberg must 
havo used a cupric bromide which was not thoroughly dried, because to got cupric 
hexammino-bromide, CuBr 2+ GNH 3 , the cu]>ric bromide should bo finely powdenyl 
and thoroughly dried over phosphorus pentosida. At atm. press. * this compound 
is stable over temp. ranging from its sat, soln. in liquid ammonia up to 20°; and 
undcT a press, of 20 mm. it dissociates at 54F. Ephraim found that blue CUpfiC 
pentammino-bfomide, £ r uBi-j,.f5NH 3 , is unstable above lib* 5 , yielding solid soln. below 
this temp., which may have the coin posit ion <JuBr 2 .6NH 3 at about 0°, He obtained 
the following relation between temp. 0 and composition UuBr a -H»NH 3 : 

0 . -io s up ar sr fl& D re° 92 s io 3 ° no 0 m* 

n ti 04 GtJ4 589 f>'82 5 >48 0 28 Git* 5L5 0 08 3 32 

Ho also says that greyish-black tricupric decammino-bromide is formed decomposing 
at 15& 5 , at 170° decomposition being complete, and the product containing 2 l 0lNH 3 ; 
this melts at 260° and gives off gas. The higher ammino-salts lose part of their 
ammonia on exposum to the air, forming an olive-green powder of cupric dianuulno* 
bromide* 0uBrK, h 2NH 3 . The colour is almost black at 200°. The same product is 
obtained by heating the hexammino-salt to IGF>°, This salt dissolves in a cone, 
soln. of ammonium bromide, hut it is decomposed by water whereby a trace of copper 
passed into aoln. but most is precipitated as hydroxide or hydroxy bromide. The 
diammino-salt absorbs ammonia reforming the hexammino-bromidtv and it can be 
heated to 200° without decomposition. F + Ephraim says it decomposes at about 
260°. At higher temp, all the Ammonia is lost—a small part as ammonium bromide, 
and a residue of cupric bromide with a little cupric oxide is obtained. The salt 
forms a blue-coloured liquid, when treated with a little water, and the soln, 
deposits cupric hydroxide on dilution. It dissolves in an aq, soln. of ammonium 
bromide without decomposition, and may seemingly be recrystallized from this 
liquid. Similar crystals are formed when ammonia is cautiously added to a 
mixture of cupric and ammonium bromides. 

C. F. Kammclwbcrg, in 1842, reported the preparation of fUjifk triammno- 
brnuridti, CiiBr«,8NH a , by treating an anmioniaoal sat, soln, of cupric bromide with 
alcohol; the dark green crystalline product hehaves like the hexammino-salfc when 
heated, and when treated with water, T, W, Richards and H. Cl. Shaw made 
repeated attempts to prepare this salt, but always obtained deep indigo, almost black 
crystals, of a tricupric deC&mmiflO-bromide, flCuBr^lONHs; consequently, it is 
supposed that d K. Rammsdsberg's salt does not exist. The crystals are best 
obtained by cautiously adding cone, hydrobromic acid to a mixture of cupric bromide 
and alcohol with just enough amipoma to keep all the copper in soln. When enough 
hydrobromic acid has hiw.n added to neutralize all the ammonia, the crystals which 
are almost insoluble in alcohol begin to form. V. Kohlschiitfcer and 1\ Pudsehiea 
dissolved cupric bromide in cone, ammonia anti added rather more than an eq* 
quantity of potassium bromide. On wanning, crystals of the salt are obtained 
The crystals rapidly lose ammonia when exposed in the moist state to air, but if 
dry, they arc much more stable. When heated slowly to Ifi0 a , they form the olive- 
green diammino-salt. Water decomposes the decammino-salt; a little copper 
passes into soln. in the form of the hexammino-salfc while cupric hydroxide is pre¬ 
cipitated : Cu 3 (NH 3 ) 10 lir„-H¥ 2 O-Cu(NH a ) (l Br 2 +4NH t Br^2Cu(OH) !! , but the 
exact nature of the product depends on the proportion of water. When a cold soln* 
of the decammino-salt is decomposed with potassium bromide, V, Kohlschiitter 
and P. Pudschies found that crystals of a bluish-green Cttpric diammino-oxy- 
bromide, 2Cu0.CuBr 2 .2NH s .3H ;! 0 or ™ formed, 

L. L. de Koninok * gradually added bromine to a well-cooled mixture of 100 grma. 
of copper turnings agd 200 c.c. of water until the copper and cuprous bromide had 
disappeared, the excess of bromine was spelled by gently warming the dark brown 
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8 oln.; 309 grms. of ammonium bromide am added* and the filtered claret' 
coloured soin, is crystallized by evaporation- Dil. aoln. are bluish-green* cone* 
sob. claret-red, Emerald-green crystals of dihydrated ammonium hramGeuprate, 
2 NH^Br.CuBr s . 2 H 20 j are formed ; they arc probably monoclinic, and isomorphoua 
with the corresponding chloride. The crystals gradually lose water in a desiccator* 
a£d form a black powder; at HJO" they are partially decomposed. T. W, Richards 
and A. H. Whitridge made an ammonium cupri-bromide by leading ammonia into a 
solm of cupric bromide in alcohol and glacial acetic acid; and ammonio-complmces 
of ammonium cupri-bromide were alao prepared. P. Sabatier prepared lithium 
cuprbbromide, LiBr,CuBr 2 , by slowly evaporating, over sulphuric acid* a cone, 
floln. of lithium bromide mixed with three times its weight of cupric bromide ; and 
N* S. Kumakoff and A. A. Sementschcnko evaporated on a water-bath a mixed 
soln. of cupric bromide with twice its weight of lithium bromide, and obtained black 
prismatic crystals of hexahydrated dilithium cupri-bromide, CuBra.SLiBr.HH^O, 
which melt in a closed tube between 75° and 80°. The crystals decompose in air. 
The purple-red aoln* is supposed to contain undccomposed salt. P. Sabatier made 
potassium bromocuprate, CuBr^.KBr* by a process analogous to that employed for 
the corresponding lithium salt. The crystals are probably monodinic and lose one- 
third of their bromine when heated, H. L. Wells and P. T. Walden prepared diCBBSium 
bromocuprate* Cr-jCuB^ or 20aBr.CuBr £ * from mixed soln. of 50 gnus, of eietsimu 
bromide in the presence of li to nearly 70 grms. of cupric bromide; with a higher 
proportion of cupric bromide, the rhombic crystals are small, short prisms, and with 
the lower proportions elongated prisms. The crystals are black with a greenish 
tinge. Opaque, dark, hexagonal crystals of Cffisiiun hromocuprate, OsCuBra or 
CsBr*CuBr £j arc formed from soln. containing 50 gnus, of cesium bromide and TO of 
cupric bromide with 70 grms. of cupric bromide in 300 c.c. of water ; the proportion 
of cupric bromide can be increased until the soln. is sat. with that salt. Unlike the 
corresponding CsCu0 3 , if the salt OsCuBra be recrystal lized from water* Cs^CuBr^ is 
obtained. No hydrated salts are obtained* so that it cannot be said that the 
tendency to combine with water increases with the at.wt.of the halogen, asl. Itemson 
observed to be the ease with the alkaline lead halides. 
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§ 30, Cuprous Iodide 

Small translucent reddish-brown crystals of cuprous iodide, (Jul, oreur in nature 
as the mineral tnarshtie from Broken Hill (Australia). G W. Marsh* regards the 
mineral as bcin£ tetragonal and hemihedral, and H. A. Miera as being cubic and 
hemihedrah W, Autonrieth also believes that iodine occurs in some New South 
Wales cuprites as marshite. When finely-divided capper is heated, it reacts with 
iodine vapour, and, according to 3tf. B. Renault, 2 if a copper plate bo exposed to 
iodine vapour, or to a sobi. of iodine, it becomes covered with crystals of cuprous 
iodide; and if a strip of copper in mercuric iodide be covered with a layer of 
magnesium chloride soln., A. 0. Becquorel found octahedral crystals of cuprous 
iodide are deposited elect roly tically on the plate. H. Rose noted that ropper is 
readily dissolved by hot cone, hydriodie acid with the evolution of hydrogen and 
the formation of cuprous iodide ; the action, said M, Bcwthidot, is more vigorous 
than with hydrochloric acid. Iodine is liberated during the reaction, and the 
resulting cuprous iodide is pulverulent—if a trace of hydrogen sulphide he present, 
the separation of iodine is prevented. E. Meuscd noted that when the reaction 
takes place slowly at ordinary temp., the resulting cuprous iodide is crystalline. 
Dil hydriodie acid docs not act on the metal, while R. S. Norris and K G. Cottrel 
found that liquid hydrogen iodide dissolves copper slowly, and cupric oxide 
rapidly, forming in both rases cuprous iodide in the latter case, iodine is separated. 

E. Meusel noted that when cuprous sulphide is treated with hydriodie arid, 
yellowish'green tetrahedral crystals are formed. Cuprous iodide is precipitated 
from a hydrochloric acid or ammonium chloride soln. of cuprous chloride by the 
addition of potassium iodide; and J. A, buchnet has shown that if too much 
hydrochloric acid be present, some cuprous iodide remains in soln,, and if too little 
he present, some cuprous cldoride is precipitated. According to It. Varct, 3 cuprous 
cyanide is transformed into the iodide w hen it is treated with hydriodie acid, 

J. B, Berthemot found that when soln. of copper sulphate are treated with 
potassium iodide, half the iodine is precipitated as cuprous iodide, and half js 
liberated as frpe iodine : 2 CuS 04 + 4 Kl=I 3 + 2 fhiI+ 2 K a & 0 4 . The precipitate can 
he washed with alcohol Measurements show that the speed of the reaction is 
proportional to tile cone, of the cupric sulphate, and to the square of the cone, of* 
the potassium iodide. Hence, the reaction may be represented CuS0 4 -|-2KI 
=CuI-hK 2 S0 4 +I, followed by 1+1=-H. According to M. Traube, if not more than 
\ molflof potassium iodide are present for every 3 niola of cupric sulphate, the 
precipitate contains a mixture of cupric and cuprous iodides; but J. W, Walker 
and M. V. Dover do not agree ^ith this, and they allow some evidence that more 
probably tho precipitate contains some polyiodide, Cul*. L. Moser showed that, 
in dil. jjoln., the reaction is not complete, and that the presence of sulphuric acid 
favours the reaction. According to A. >1. Low, cupric acetate gives better results 
than the sulphate. 

It is probable that in the reaction between cupric sulphate and potassium iodide, 
cupric iodide is first formed: CuS0 4 +2KI II KaSth+CuIa, and that the latter is 
immediately decomposed: 2CuI a ^I 2 f 2CpI, by a reversible reaction, so that some 
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cupric iodide remains in solm K, Elba, the reform argued that if the cupric salt or 
cupric ions are removed the reaction must proceed from right to loft; this may 
be achieved by adding to the mixture of cuprous iodide and iodine a salt which 
forms complexes with the cupric ion. Ammonium oxalate serves this purpose, and 
tf ammonium oxalate is added to the mixture of cuprous iodide and iodine, an 
intensely blue soln. of cupric ammonium oxalate is formed. Conversely, if the free 
iodine be removed from the system as fast as it is formed, the formation of cuprous 
iodide will proceed to an end; for quantitative results P. E. Browning showed that 
an excess of potassium iodide and the presence of iodine,*or hydriodic acid, should 
be avoided. K. Elba used sodium thiosulphate for removing the liberated iodine in 
the reaction to ensure the complete conversion of cupric to cuprous iodide ; A. Dufies 
used sulphurous acid for this purpose ; P t N. Raikow, phenylhydrazine; E t Fleischer, 
stannous chloride ; and E. Souberain, ferrous sulphate. The reaction by A. Duflos T 
process is represented : aCuSO*-^ 2 KI-|-S 0 i + 2 fI a 0 -: 2 €uI+K a 804 + 2 H 2 S 0 jJJ and 
it is conducted by B. Lean and W. H, Whatmongh in the following manner : 

Two main of copier hmlphiita am dissolved in thrift litrna of wnler, the so]n. is gat. with 
sulphur dioxide, ftn d two liuds. of jjotuHsium iodide dlt&ulved in 15U e.e. of water are added. 
The pale yellow precipitate whivh is iiiimi'ilmtoly farm'd is allowed to nettle, the super* 
natant liquid poured off. and the residue wfwhrd with sulphurous acid soln. by decantation 
until tho whole of the sulphate has been removed. It ia than boiled with water to make it 
granular, oolleCteH on linen, spread on a porous tile, and finally cxponisl over sulphuric acid 
in vacuo, L'upruuu iodide retain* rnoiKture somewhat obstinately * after an exposure for 
threo weeks over sulphuric arid. a sample sit ill eontamed 018 per cent, of moisture, but tliia 
wag removed after further cx^sui e. 

^According to M. Guichard, dry hydrogen iodide liberates iodine in the presence 
of dry cupric chloride at ordinary temp., heat is developed and iodine is sublimed ; a 
white residue of cuprous iodide remains. If cupric chloride, dehydrated at 200* in 
a current of dry hydrogen chloride, is cooled to —40* in a stream of hydrogen iodide, 
the gas liquefies on the chloride and iodine is liberated colouring the mass violet-red. 
The free iodine can be removed by washing with cold dry ether, and grey cuprous 
iodide remains. Thus, the reactions in the dry state and at low temp, are the same 
as in aq, eoln, at ordinary temp. According to A. Naumann, soln. of cupric chloride 
in acetone or ethyl acetate furnish precipitates of cuprous iodide when treated with 
a metal iodide— e.g. cadmium iodide. According to 1 >, Vitali, a cone, sulphuric acid 
liberates iodine from an alkali iodide, and if cupric sulphate be present, the mixture 
becomes black and cuprous iodide is formed, which remains as a white precipitate 
on adding water. Chlorides under similar conditions give a yellow coloration, and 
bromides a deep violet coloration : both colours are discharged on adding water, and 
hence D. Vitali suggests the reactions as a means of distinguishing the three halides. 
P. Rohland precipitated cuprous iodide from a soln, of a cupric salt in the presence 
,of a ferric salt, by mercuric iodide, B, Lean and W. II. Whafcmough obtained 
cuprous iodide of 98 per cent, purity by heating copper with iodoform. By the 
action of a soln. of potassium iodide on cupric hydroxide, W, Spring and M. Luclon 
Obtained a dark green substance whose analyses corresponded with Quprous oxy- 
iodide, CuO. 2 CuI.H 3 G, 

The properties ol cuprous iodide,— M, B. Renault* found cuprous iodide to be 
loss sensitive to light than cither cuprous bromide or chloride, G, Tammann 
studied the colour of films of cuprous iodide. The crystals probably belong to 
the cubic system, R. W, G. Wyckoff and E. Pqsrquk found that the X-ntdio* 
glams correspond with the double face-centred cubic lattice of the zinc sulphide 
class with side 6TU A., and the nearest distance of the atom centres 263 A. 
According to W. Spring, the specific gravity is 5631-^5653 (15 5°) for the dried 
or fused salt, and 5 289 for the freshly precipitated and moist salt, G. T, Prior’s 
value foT the mamhite of Broken Hill is 5'590. H. Schiff’s value 4 + 41 is in all 
probability wrong. R. W. G. Wyckoff and E. Posnjak gave 5 667 at 3074°. 
P. Walden studied the raol. vol. The qp. vol,, according to W. Spring, is 33’61 
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to 34'73, when the additive rule gives a calculated value 3272 ; consequently, 
the formation of the compound is attended by a slight expansion. According to 
W, Spring, the salt is not decomposed into its elements by a press, of 8000 atm. 
F, W. Bridgman found that there are two modifications of cuprous iodide with a 
transition of the ice-type. B. Gosper stated that the ordinary cubic form becomes* 
doubly Tefracting at a high temp. P. W. Bridgman found the form stable at a low 
temp, ifl the leas com press! hie, for it has a cociT. of compressibility of 00000004 ; 
it also has a smaller expansibility ; and a lower sp. ht. P. W. Bridgman found the 
transition temp. 6° to be related to the press, as follows : 
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when the press, is expressed in kgrms. per sq. cm. Expressing the change in vo!,, 
Sv, in. c,c. ]>cr grin,, and the latent heat, L, in kilogram-metres per grm,, ho also 
found the results indicated above. 

Numbers representing the imp. range from T. Carrtellcy and L r T. O'Shea’s *> 
628°, T. Carnelley's GUI 3 ± 3 n , bo K. Monkcmeyer'a 51)0°. According to E. J* Houston, 
when cuprous iodide is heated, the colour changes to dark red, then bo reddish- 
brown, brown, dark brown, and black ; on cooling, the original colour is soon re¬ 
stored. According to T, Tarnelley and W. 0. Williams, cuprous iodide boils between 
759° and 772 fJ . By adding cuprous chloride, K. Mbnkcmoyer found the in,]), falls 
to a minimum at 2£O y with (if.) muls per cent, of cuprous chloride, and then gradually 
rises up to the value for pure cuprous chloride. B. lToulleviguo gives refractive 
index 200 ; and, according to B. Clossn^r, the salt is Kingly refracting at ordinary 
temp., and doubly refracting at higher temp. For the photoelectric effect, see cupric 
fluoride. 

G. F. Ilodwell failed to find the transition temp, by the dilatometric method, 
but K. Mdnkemeyer found the transition temp.: J3-0uT (singly refractingJ^a-Cnl 
(doubly refracting) lies between 397° and 400° by the thermal method. When mixed 
with ]() per rent, of cuprous chloride, the transition temp, falls to 372°, with 20 per 
cent, cuprous chloride to 238 y , and with over 30 per cent, to 216°, With additions 
of cuprous bromide, the m.p. falls to a minimum at 443 when GO mols per cent, of 
cuprous bromide has been added. The transition temp, also falls to a minimum 
at 337°, with about 44 mols per cent, of cuprous bromide. 

J. Thomsen's value fl for the heat of formation of cuprous iodide from its elements 
is 1G 26 OaR ; M, Berthelot’s value is Cu |-I -21 L fl Cals., the thermal value of the 
reaction: Cu^O ] 2HI 72 lo Cals.; and for Cu 2 0 |~2Hi-h at b--33 73 Cals. G. Bod- 
lander and O. Storheck’s value for the free energy of formation is —1C 6 Cals.; 
M. do K* Thompson gives —237 Cals, for liquid or solid iodine, and for the total 
energy of formation, — 16’fi Cals, iodine solid, A. Klein’s value for the exothermal 
reaction: CuBr^jH-KIspi.—CuT^],i+Br wlt is G495 Cals., calculated from the^ 
c,m,f. 02041 volt, and for the change of free energy* 4 744 Cals. According fco 
M, Berthotot, the displacement of iodine by chlorine develops 23'4 Cals., and by 
bromine, 7'3 Cals* 

According to K, Badeker, 7 cuprous iodide has a relatively high electrical con¬ 
ductivity (electrolytic) ; the specific resistance of cuprous iodide is 0 045 when that 
of 30 per cent, sulphuric acid is*l h 35 ; with a layer IBO^i^a thick, the resistance is 
0 010 ohm, and this increases after standing some days in the presence of air or 
hydrogen to a very high value. K. Badeker also found that cuprous iodide absorbs 
about O'QOE per cent, of iodine vapour in three days, and its conductivity then 
increases very much ; the conductivity of cuproun iodide alone alio increases when 
exposed to light. G. 0. Greiner studied the conductivity of cuprous iodide with 
dissolved iodine* G-, Trumplcr measured the e.m.f. of cells with cuprous iodide. 

Air-dried cuprous iodide, said E. Souberain,** retains 4 por cent, of moisture; 
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and after standing 24 hrs. in vacuo, or for several days at 130°, M, Guichard stall 
found 0*3 per cent* to be retained, and this ia loat when heated to 300° in vacuo* 
B. Lean and W. H* Whatmough found that cuprous iodide may be heated until it 
fuses in a stream of carbon dioxide; hut M, Guichard found that it oxidizes below 
e&00° when heated in air: 2CuI-j-0 2 =2Cu0+I 2 ; the action of air is fairly rapid 
at 22fo°-24Q Q } and B. Lean and W. H. Whatmough prepared iodine of a high degree 
of purify by passing air over purified cuprous iodide at this temp.; they also found 
that if air be passed over cuprous iodide at ordinary temp, there are indications of 
the liberation of iodine after 3 hrs, in light, but none afte^3 days in darkness; nor 
could any effect be noticed with oxygen in darkness; nitrogen peroxide or nitric 
oxide liberates iodine at once, in light or in darkness. H* Rose observed an incom¬ 
plete decomposition when heated with hydrogen. E. Souberain noted that iodine is 
liberated when the iodide is heated with oxidizing agents—e.y. manganese peroxide* 
F. Kohlrausch and F, Rose calculated the solubility of cuprous iodide from the 
electrical conductivity of aq, soln,, and found 8 0 ingrms. or 0'04 mgrm, eq. of Cul 
to he dissolved per litre at 18°; and it is not perceptibly decomposed by water. 
The salt is soluble in sulphuric acid if freshly precipitated—E. Fleischer, and B. Lean 
and W. H. Whatmough ; in sulphuric acid forming a violet soln,—D. Vitali; but 
insoluble in ^iV-sulphuric acid—L, Moser, and decomposed by cone, sulphuric 
acid into iodine, sulphur dioxide, and cupric sulphate—E. Soubcrain; soluble in 
^ff-hydrochlorie acid ; decomposed by nitric acid giving iodine, nitric oxide, and 
cupric nitrate—E. Souberain; the freshly-precipitated iodide, and that which has 
changed by exposure to light, are soluble in aq. ammonia, dii. nitric, hydrochloric, 
or sulphuric acid, and in solu r of sodium thiosulphate—E* Meusel, According to 
E. TJrun, the soln, in sodium thiosulphate gives no sign of the formation of double 
thiosulphates, and ammonium hydrosulphide precipitates copper quantitatively 
from thiosulphate soln. Cuprous iodide is soluble in potassium cyanide, but not in 
soln. of sodium ctdoride, or sulphate, in potassium nitrate, or bromide, nr in ammo¬ 
nium chloride—J. B. Berthemot. According to G, Bodlander and O. Storbcck, 
jAT-soln, of potassium iodide dissolves 0-000157 mol of cuprous iodide per litre. 
G, 0. Greiner found that the absorption of iodine by cuprous iodide is a reversible 
process, and that the iodine is dissolved, not adsorbed. A soln. of ferrous chloride 
dissolves cuprous iodide—E. Fleischer; but ferric chloride displaces iodine— 
G, L. Ulex; cupric chloride forms cuprous chloride and iodine—G. Topf; alkali 
hydroxides give iodides with the formation of cuprous oxide, while alumina and 
the carbonates of the alkaline earths or magnesia do not decompose cuprous iodide 
—J. B. Berthemot. A warm eoln. of cupric sulphate liberates no iodine* G. A. Bar- 
bicri found that wl*en cuprous iodide is heated with cupric bromide or chloride, it 
loses all its iodine, e<g. 2CuI+2CuCl 2 —4CuChf I 2 ; and conversely cuprous chloride 
or bromide dissolved in a cone. soln. of alkali chloride when treated with a soln, of 
iodine in o-xylune, is converted into cuprous iodide, e.p, 4CuCl-j-I a —2CuCl 2 -f 2CuI. 
The cone, of the salts and the temp, determines which of these react ionspredominates. 

H* Moiasan found that fluorine does not attack cold cuprous iodide, but it does do so 
>it a dark red heat; nor does boron attack cuprous iodide* If water with cuprous 
iodide in suspension be treated with hydrogen sulphide, hydriodic acid is formed—' 

G. Langbein, According to J. B. Berthemot, and G. L. t)lex, when cuprous iodide 
is boiled with zinc, tin, or iron it is reduced to the metal, and the metal iodide is 
formed as well as some free iodine. S. M. Jorgensen says the reaction with zinc is 
complete. E. C. Franklin and 0, A. Kraus found cuprous iodide to be soluble in 
liquid ammonia. According to J. W* Retgers, it is virtually insoluble in methylene 
iodide; and, according to H. Arctowsky, insoluble in carbon disulphide* 

In 1839 C. F. Rammelsberg 9 reported that 100 parts of cuprous iodide absorbed 
19'728 parts of ammonia which could be completely expelled by heat. This amount ■ 
of ammonia corresponds with cuprous diammino-iodide, Cul.SNHs* If cuprous 
iodide at 0° be sat, with ammonia gas, and a curve be drawn corresponding with 1 
the change of press, with the composition* as in Fig. 26, S. J* Lloyd found that there 
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are two terraces corresponding respectively with cuprous Bcsquiammino-iodide, 
2CuI.3NH a ; and cuprous triammino-iodide, CuUNH* and no others. The last- 
named compound-HiUBrous triammino-iodide* CuUKH*—is formed when dry 
ammonia is passed slowly over cuprous iodide cooled by a freezing mixture. It is 
a pale green hygroscopic compound, with vap. press, 150 mm. at 13‘25 D ; 422 mm ' 
at 37 5 ; 615 mm. at 46 ; and 794 mm. at 52°, F, Ephraim gives a vap. press, 
of 760 mm* at 50 . According to 8. ,J. Lloyd, the triammino-salt melts at 10&° if 
the press, of the gas be allowed to fall to 400 mm,; at 51'75* a dark brown hygro¬ 
scopic compound-cuprojis sesauiammino-iodide, 2CuI.SNH s -is formed which 
melts at 117°; and wliieh Uaa a vapour press, of 60 mm. at \Ttf \ 75 mm, at 2U 25*: 
272 mm, at 41°; 420 mm, at 5175°; 742 mm. at 59-5°; 999 mm r at 65 u . 

A. Levol also prepared what he regarded as cuprous diamminododidfl, Cul.SNH^, 
by shaking a copper plate with ammonia and a sat. so In. of a cupric salt in a flask 
until the colour disappeared ; the resulting fluid was poured into a soln. of potassium 
iodide, and colourless crystals of this compound separated. These crystals cannot 
be dried without decomposition in air, ammonia is given off, and the residue is green. 
The mother liquid becomes blue on exposure to the air, and forms an ammino- 
cupric iodide, A. Saglier made the same product by boiling copper with equal parts 
by weight of an ammoniacal soln. of cupric hydroxide and a 10 per cent* alcoholic 
soln. of iodine, until the soln. was decolorized. On cooling, white needle-like crystals 
of cuprous diammino-iodide separate from the liquid, 0. Silberrad reported the 
formation of an olive-green crystalline powder of dihydrated cuprous hemiamiuino- 
iodide, Cul. jNH a ,2H a O, by treating cupric ammi no-poly iodide, 2Cui.I 4 ,5NH 3 *H 2 Q, 
with a 25 per cent, soln, of potassium iodide. The residual salt is insoluble in water, 
soluble in aqua ammonia. According to W. BiltK and W, titolUmwcrk : 1 

Cul aNil a Cia.^il a CuJ.NlIj Clll iWIIj 
Heat of fonmitimi m Culs, . [O’3 7 11H>U 1470 I5’22 

Di*s. pre**. ia J00 mm. at , . 208 U : 37 HT 

A, Saglier dissolved MX) grms. of ammonium. iodide in a litre of water, and 
mixed the soln. with 10-15 grms, of cupric hydroxide which dissolves in the warm 
liquid. This liquid was boiled with a large excess of copper until it became colour¬ 
less ; the liquid waa cone, and allowed to cool slowly, when it deposited white needle- 
like crystals of what ho regarded, as Cujfjj.SNH^IJLO, II* L. Wells and E, E, Hurl- 
hurt could, obtain only one ammonium iodocuprite, CuLNH 4 l, by the use of varying 
proportions of ammonium and cuprous iodides in soln. of hydriodic aeid ; and this 
compound corresponds in every respect with A. SaglieEs description of his product, 
except that it is anhydrous. The crystals can be preserved under the mother liquid, 
but even here they become brown on standing. In air, the compound loses ammonia 
and ammonium iodide, and when heated furnishes black cuprous iodide; it is 
decomposed by water and alcohol. The mother liquid, on standing, deposits crystals 
of dihydrated amm onium ammino-iodocuprite, CuI.NH 4 I,NH a .2Hj[0. E. Element 
also prepared ammonium triamimiio-iodocuprite, N JT 4 1*S! Cul, 3NH a * A* C. Beoq uerel 
reported the formation of white needle-like crystals of potassium cupro-iodidc by-' 
dipping a copper cathode in a soln* of potassium iodide in a cell, with the anode 
dipping in a soln, of cupric sulphate. E, Brun prepared a double compound of 
cuprous iodide with potassium thiosulphate and also with ammonium thiosulphate. 
A. Rosenheim and 8, Steinliauser also obtained the complex ifNHiJ^S^O^.NH^I.CuI. 
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§ 21, Cupric Iodide and the Copper Polyiodides 

• 

^ Solid uuprit; iodide has not been prepared, but there is some evidence that cupric 
iodide^exiate in dil. aq. eoln. If the formation of cuprous iodide depends on the 
reaction: 2Cu l +4l^2CiilH-I a * the assumed backward change implies the existence 
of cupric iodide. M. Trauhe 1 showed that when a very dil, eoln, of potassium 
iodide is added to a dil, soln. of cupric sulphate* the separation of iodine and the 
precipitation of cuprous iodides takes place voiy slowly, A soln. of Jrd per cent, of 
potassium iodide added to a 1 per cent, soln. of cupric sulphate produces a precipitate 
in 10 minutes; with a Jth per cent, soln, the liquid becomes yellow m an hour; 
and with a ^th per cent. soln. the liquid remains clear and colourless* there arc no 
signs of a blue coloration with starch, and the liquid gives the reactions of a cupric 
salt. M. Traube digested cuprous iodide with a sat. soln, of iodine in water, and 
obtained a green soln. containing 0 0fl grm* of wbat he regarded as cupric iodide 
per 100 c.c. Later, D. J, Csmegie claimed to have made a soln, by working at 
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80 fl , In no case could the alleged cupric iodide bo isolated in the solid form because, 
although it is stable in soln. at a boiling temp, it loses half its iodine when evaporated 
to dryness, and when the attempt is made to concentrate it by removing the water 
as ice. For the photoelectric effect, see cupric fluoride. 

J. W. Walker and M. V. Dover found that the precipitate obtained when, say, 20G 
c,c. of a soln. containing a mol of 0uSO 4 per litre, and GO c.c. of water, were shaken for 
half an hour with 20 c.c, of a soln. of potassium, iodide (2 mols per litre) in which 
5 "08 grms. of iodine had been dissolved, contains a heavy green substance along with 
cuprous iodide ; much o^ this green substance is soluble in water, forming a deep 
brown solm which contained only traces of potassium iodide. The olive -green 
substance is unstable in that on exposure to air, it changes to white cuprous iodide. 
The soln. and solid contain copper and iodine in approximately the atomic ratio 
1: 4, which would make it appear as if the olive-green solid at least contains a OOppfif 
tetraiodide, Cul^ By heating the soln. to 80° with an excess of iodine, values 
approximating with those required for copper hexaiodide, CuJa, wen: obtained, 
hut on cooling, the soln. deposited iodine, leaving a remainder in agreement with tlie 
ratio Cu : f 4 , Ey the action of alcoholic soln. of iodine on cuprous iodide at 
S, M. Jiirgnirum likewise obtained indications of decaiodidc, Cul 10 . By washing the 
precipitate with alcohol, and evaporating the alcoholic soln,, J. W. Walker and 
M* V. Dover obtained a product roughly corresponding with copper ennea-iodide* 
Cul„. 

When the deep red soln., obtained by treating copper tetraiodide with water, is 
diluted and shaken with cuprous iodide, the liquid becomes bluish-green, uud it 
contains no iodine capable of reacting with starch, nor does it yield up iodine when 
shaken with ether or carbon tetrachloride. Soln, of the polyiodidca under similar 
conditions give up iodine and precipitate cuprous iodide. According to M. Traubc, 
the soln. of cupric iodide gives no precipitate with a soln, of silver nitrite, but 
J. W. Walker and M, V. Dover show that at the com;, in question cupric and potas¬ 
sium chlorides give only an opalescence, and tliat a soln. of cupric chloride with 
0 095 per cent, (hiClg gives a precipitate at once with silver nitrate, while a O'OfiJJ 
per cent, soln. gives no precipitate. According to M. Traube, the soln, of cupric 
iodide is decomposed by ferrous sulphate in the presence of hydrogen peroxida in 
acid soln,, and m this way may be distinguished from other nmtol iodides. The 
soln, also gives the reaction of a cupric salt with potassium hydroxide and potassium 
ferrocyanide. The bluiah-green soln. of cupric iodide containing 0104 per cent, of 
cupric iodide does give a colour reaction with starch which ls discharged by the 
addition of 0 05 c.c. of ^V-sodium thiosulphate. This means that at 24°, a soln, 
containing more than 01 per cent, of cupric iodide decomposes into polyiodide, and 
D. J. Carnegie’s soln. therefore contained polyiodides. According tu J. W. Walker 
and M. V. Dover, the insolubility of cuprous iodide and the existence of a polyiodide, 
Cul*, explain the apparent instability of cupric iodide, since, from the equation: 
(ji--3)CuI+0(jI B t=^(«—1)CuI 2 , the mass law requires that for equilibrium C ^ * 
—'KOit whore and respectively denote the cone, of the polyiodide and of cupric 
iodide. Any variation in the volume of water must therefore displace the equili-^r 
brium point, decreasing the volume, for instance, causes C l to increase relatively 
to Values of n agreeing with CuIa-KCuI^hCuI^ give values of K of one 
order of magnitude. 

The affinity or driving force 2 of the conversion of cupric salts, or of cupric to 
cuprous ions: Cu - —*Cu' is 0’204-J-0 058 log |Cu"]/[Cu h ] volt-coulombs per fara- 
flay (95,540 coulombs—one faracl,, F), whore the cone, of the ions are represented, 
by the square brackets. The reaction Cu"-*Cu- is usually accompanied by a 
decrease of free energy, and has therefore a tendency to occur spontaneously. If, 
however, the cupric ions are in the presence of anions with a strong elcctroaffinity 
S0 4 -, NObS F-, Cl-, and Br-ions—the net decrease is not sufficient to enable 
the reaction to occur. For instance, the driving force of the reaction Cu h -^Cu‘ is 
opposed by that of, say, 1->P, for which Jhe decrease of free energy, or the driving 
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force of the reaction, is 0'52Q-0G58|T] volt-coulombs per faraday. Consequently', 
for the reaction Cu +, -|-r->Cu'+I, when the sob. is sat. with iodine, the free 
energy or the affinity of the reaction is —0 316-|“0 058{log ([Cu'‘J/[Cu*])H-log [I']}. 
On account of the negative term 0‘316 in this expression, and the small value of 
f I*], the decrease of free energy can be large only when the ratio [Cu +l ]/[Chr] is large ; 
and since the cone. [Cu' ] cannot increase very much, the driving force of the re¬ 
action Cir'->Cw can exceed that of I->F when the cone. [Cu ] is very small. The 
low solubility of cuprous iodide supplies this condition. With sat. sob. of cuprous 
iodide, the solubility product at 18°, when the system ic in equilibrium, and the 
free energy is zero, is obtained from (\): — 0'31G-j-00G8 log [Cu ,l ]|T]s/[Cir][r]=0; 
it follows that [Cu ^rj^O'OGxlO - ^ ; and for cupric iodide [Cu ,, jr] !t =:0 , 14xlO -JS , 
Consequently, with the greatest possible eonc. of [!'], the solubility product of 
cupric iodide cannot be attained iu cone. aq. sob.; and therefore (excluding cases 
of false equilibria), it will be impossible to obtain solid cupric iodide from aq. sob. 
at 18°; and further, cupric ions in the presence of cuprous ions will form solid 
cuprous iodide and solid iodine until the produet l_Cu"|fI / ] i has fallen to 0l4xlG~ s . 
Consequently, when cuprous iodide and iodine are shaken together with water at 
18°, only very little cupric iodide can be formed in the sob. 

The corresponding value for the free energy or driving force of the reaction 
CT->C1 is T417-0058 log [CTj vobcoulombs per faraday; and for Br'->J3r, 
Q993-OOG8 log [Br'j. For sat. sob. also the solubility products of the copper 
halides are: 

Chloride. Rromidt;. Iodide. 

, Cuprous . . , rSxll) 6 41^x10 8 G'OtixKM* 

Cupric. ♦ , 10 1'Uli X 10 _ * <H4 X I0' s 

Here the solubility products of both these cupric salts arc comparatively large, 
cuprous bromide or chloride will be transformed by the halogens into the solid 
cupric salts. The factors which condition the instability of cupric iodide are there¬ 
fore : (1) The low solubility of the cuprous iodide; (2) The tendency to form complex 
cuprous salts; (3) The low electroaffinity of the iodine anions: and (4) the low 
solubility of the onions. 

The heat of formation of cupric iodide computed by J. Thomsen A is Cu+I s -f-aq. 
=10'41 Cals. W. Autenrieth assumes that iodine is present in iodiferoua mala¬ 
chites in the form of cupric oxyiodide, CuO.CuI 2 .H 2 G. Several cupric amruino- 
iodides have been reported. V, Kohlschiitter and P. Pudschies, 4 ana F. Ephraim 
prepared tricupric decamminododide, 3CuI £ K>NHy p that is, Cu 3 (NH s ) 10 I 6} by 
wanning a soln. of cupric tetramm inn-iodide on a water-bath for a long time ; or by 
mixing sob. of cupric tetramminododido and potassium iodide. The colour of the 
soln. changes from violet to green, and then deposits black crystals. T. W. Richards 
and C. Oenslager prepared the same salt by boiling on a water-bath a sob. of 
8 gnus. of cupric acetate in 50 e.e. aqua ammonia (sp. gr. 0 00) with 30 c.c. of 
57 percent, acetic acid, 6 grma. of ammonium iodide, and 50 o.c. of alcohol; block 
crystals are obtained on evaporating the sob. in air. The crystals are three- 
sided pyramids with a bronze lustre. They lose ammonia and iodine on exposure 
to air; they are decomposed by water, and the deep blue soln. in hot aq. or alcoholic 
ammonia furnishes pale blue needles on cooling. When powdered SCuI^.lONHo 
is exposed to ammonia gas, the brown powder becomes green, then blue, and forma 
cupnc hexammino-iodide, CuI 2 .6NH g ; the same impound is formed by dissolving 
3 CuI 2 .10NH 3 in liquid ammonia. D. W. Horn found the deep blue crystals to be 
stable at all temp, between the b.p. of a sat. soln. in liquid ammonia, and 20°, under 
atm. press.; they dissociate at 674° under a press, of 20 min. They are stable if 
moisture be excluded, but they decompose rapidly in sir leaving a dark brown' 
residue. F. Ephraim found 6'3 mols of ammonia ore taken up by a mol of cupric 
iodide at —18°; at room tem^>. 5'9 mols of ammonia ; at 119 5° 5 0 mols, so that 
cupric hexammmo-iodide yields solid ( soln. with cuprio pentammino-iodide, 
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CuIz.BNHg, which have the composition of the latter at US'S 0 , As the temp, 
rises, ammonia is given off continuously, until the residue has the composition 
SCul^lONH^; this remains stable up to 147°, and at 152° the greenish-grey 
diammino-salt is formed. 

In 1830, J. B. Berthemot prepared blue crystals of hydrated cupric totrammixMt 
iodide, CuI a ,4NHg. H a O, by troati ng a sat. soln . of cupric sulphate or acetate with warm 
aqua ammonia ; the crystals can be purified by recrystallization from warm ammonia 
water. In 1839, C, F, Rammelsberg noted that aqua ammonia docs not dissolve 
an appreciable quantity^jf cuprous iodide unless air has access to the liquid; a 
blue soln. is then formed. If the warm liquid be cooled, colourless crystals of cupric 
diammino-iodide, Cul2,2NH 3 , separate, and the mother liquid gives crystals of 
hydrated cupric tetrammino-iodidc on the addition of alcohol D. W. Horn (1908) 
prepared the same salt by adding a soln. of potassium iodido to anmioniaeal copper 
sulphate, and saturating the liquid with ammonia at 0° ; M, E. Pozzi-Escot (11*00) 
treated an ammoniacal soln, of a cupric salt with ammonium iodide, or sodium 
iodide ; and A. Saglier (1886) by allowing a mixture of an ammoniacal soln. of cupric 
hydroxide 3nd alcoholic iodine to stand for some hours. The dark blue tetrahedral 
crystals decompose rapidly in air with the loss of ammonia, forming a dark brown 
residue. If the violet soln, is warmed on a water-bath the colour changes to steel- 
blue, and on cooling crystals of tricupric decammino-iodide, 3CuI 2 .lONH 3 , separate. 
Cold alcohol or ether has no action, hut the soln* becomes brown when boiled. 
According to F. Ephraim, the decammino-salt passes into cupric diammino-iodide, 
CuI^.SNHg, at if 1 °. 

Some ammino’compounds of the copper polyiodides have been prepared ; 5 thus 

O. Silberrad obtained small crystalline plates of hydrated dicupric pentammino-hexa- 
iodide, 2CuI.I4.5NH3.H2O or 2CuI 3 .5NHy.H 2 0, by dropping 100 c.c. of a 20 per 
cent, soln, of potassium iodide in a soln. with a small excess of cupric tetrammino- 
sulphate in 1200 c.c. of water. The compound is not explosive, and when heated it 
gives off iodine. S. M. Jorgensen made cupric tetrammino-tetraiodide, Oul 3 .l2.4NH 3 
or CuI 4 .4NH 3 , by adding warm alcoholic ammonia to the brown soln. of cupric 
iodide in a soln. of iodine in alcohol at 30°, the crystalline precipitate was washed 
with alcohol and dried over calcium chloride. A, Saglicr made the polyiodide by 
gradually adding 20 grms. of iodine to 100 c.c, of an ammoniacal soln, of cupric 
sulphate on the water-bath, and then cooling the liquid; and M. E. Pozzi-Eacot, 
by adding sodium or ammonium iodide to a warm soln. of a cupric salt in more 
ammonia than is required for the soil, of the precipitate first formed. The dark 
brown rhombic crystal plates decompose on exposure to air, K. Ephraim and 

P. Monimaim made cupric tetiammiiiG-heiaiQdide, [Cu(NH a ) 4 ir 2 .2r s . 

S. M. Jorgensen also prepared cupric tetram mi no-hex a iodide, CuI 2 .I 4 .4NH 3 or 
CuI e ,4NH 3j with some combined water—aHsO—by mixing warm (30°) soln. of cupric 
tetrammino-nitrate and of iodine in potassium iodide, and filtering through a hot 
water funnel a# rapidly as possible ; on standing, brown rectangular plates separate 
which can be washed with cold water, and preserved under water a ioiig time without 
decomposition, otherwise they decompose too quickly for analysis. A, Saglier 
made the same crystals by dissolving iodine in the mother liquid remaining after 
the separation of crystals of CuI 4 ,4NHg. 

A. Guyard prepared dark violet or garnet red cry«lata of cupric iodide and nitrogen 
iodide, fay the notion of a soln. of iodine in potassium iodide on cupric 

letrammmo-sulph&te; A. Saglier crystals of tetrohydrated ammonium cupric diamtmno- 
iodide , 2NH 1 I.GuT 1 .aXH t .4H a O, by boiling mixed soln. of 100 grms. of ammonium iodide in 
200 r.c. of water, and 10 to IB grms, of cupric hydroxide; very dark green needles separate 
! i um the filtered boIzi. on cooling. Tho crystals are insoluble in alcohol and water, hut soluble 
10 ammonia water The last-named soln. yields blue crystals of CuI e .4NH J HH 1 0. A. Saglicr 
>dao prepared black crystals of the polyiodide, 2 Nffti.CnI jJ. 2 NH 3 1211 , 0 , by proceeding as 
before with a soln. containing in addition a gram eq, of iodino per graxmeq. of ammonium 
J'wlide. The dork violet needles or plates decompose in air and water. They dissolve m 
dil, ammonia water. 

VOL. III. 
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A. C. Becquerd prepared white needle-Irkn crystal® of potassium cupro-iodide t by- 
dipping a copper cathode in a soln* of potassium iodide, and an anode in a eoln. of 
cupric sulphate* The crystals soon decompose into cuprous iodide* etc- 


Rk musses 

* M. 'Gnmbe, tfer** 17* 57, 1889; D, J* Carnegie, Chem. AW, fift 07, l 880; J* W. Walter 
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, S 22, Cuprous Sulphide 

The action of sulphur on copper was noticed by Uebcr in his tiumma gwfectionis 
ntcujisteriii probably written about the thirteenth century* Albertus Magnus, J also 
of the thirteenth century* occupied himself with a study of the action of sulphur on 
the metals. Copper forms two clearly defined sulphides. This fact was first clearly 
established by J. L, Proust in 1801. There are a number of other intermediate 
sulphides and poly sulphides whose individuality is not so sharply defined* 

In 1040, G* Agricola a distinguished the mineral cuprous sulphide from other 
copper ores* and. he likened it to Kupferylas. J, Q. Wallcrins, in 1747* gave, it a 
variety of name®, cuprum vitreum t Kupfcrglaserz, etc. A. J. Cronstedt referred to 
it as cuprum sutphure viinerolistUum. J, von Born called it cmvre, auljurf, L , A. Em- 
merling applied the term Kupferglanz as synonymous with Kupfmjlas— hence the 
terms copper-glance and vitreout copper now applied to this mineral* F. S. Brudant 
called it chdfowne, which in its English dress is chalcocile. J. Nicol called the 
variety from Redruth (Cornwall)* redruthite. Other terms have been applied to 
particular varieties— Lechery cupretn, coperite t digenitc, camien&f, , and the mineral 
harmifa. Cuprous sulphide aW occurs united or associated w-itli juany other 
sulphides in the copper sulphide ores. The mineral was analyzed by R, Kirwan, 3 
M. H. Klaproth, R. Chenevix* and A. Gueniveau. 

■ J Cuprous sulphide is formed in a great many reactions and it has been reported 
in many furnace products* J. F, L. Hausmann, 4 T. Scheerer, P* von Sustschinsky* 
C. F* Rammelsberg, etc*, found it in the slags of copper furnaces; A* Daubr^e, 
A. Lacroix* C. A. de Gouvenain, E. Priwoznik, etc,, detected its crystals on old 
Roman coins or bronze relics in the neighbourhood of the thermal springs at Bout- 
bonnc-Ies-Bains* and other places with hydrogen sulphide springs* A. Kerner, and 
W* ft. von Haidinger and E. Kogder found crystals of cuprous sulphide associated 
With the brass clasps of old books* 

The formation and preparation of cuprous sulphide. —Copper and sulphur 
readily react when heated forming cuprous sulphide, Cu^S, cupric sulphide, CuS, 
or a mixture of both. There is also a possible series of higher sulphides, as well as 
a scries of intermediate sulphides; although some of those which have been reported 
are in all probability mixtures. * 
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1, From sulphur and copper or copper oxide .—Copper foil burns vigorously in sulphur 
vapour ; and when a mixture of copper filing* is heated with about ono-third of 
its weight of sulphur, the mixture becomes incandescent, and cuprous sulphide is 
formed. 5 th R. Hayward found the product should he broken up, and mixed with more 
sulphur j he also made cuprous sulphide by boiling sulphur with copper turnings* 
in a large casserole for an hour. To ensure complete conversion to cuprous sulphide, 
the sulphur was poured off, and tha porous mass mixed with ID per cent, of sulphur 
and melted for 5 hrs, in a graphite crucible. The same compound is made by the 
action of hydrogen sulphide or the vapour of sulphur or of some other sulphur com* 
pound at a red heat, and cooling the product in the vapour ; the excess of sulphur 
can be removed by heating it with copper, H. Rose, and E. Mitschcrlicli obtained 
octahedral crystals of cuprous sulphide by melting together copper and sulphur ; and 
J, Murgottct obtained similar crystals by tho action of sulphur vapour, carried with 
a stream of nitrogen, over red-hot copper. Dry sulphur was found by C. Striiver 
to react very slowly with copper at ordinary temp. G. C. Winkelbleoli found 
sulphide is formed W'hen a dry or moist mixture of sulphur and copper is triturated 
together According to W. Spring, when a mixture of copper filings and sulphur 
are subjected a number of times to a press, of fi5 atm,, cuprous or cupric sulphide 
can be formed ; and with the former the volume decrease from 138 to 100 units. 
TJfrse press, reactions were discussed in an earlier chapter. A. Orlowaky found 
copper to be blackened by immersion in a soln. of sulphur in carbon disulphide. 
J. L. Proust prepared cuprous sulphide by calcining the oxide with sulphur. H. Rose 
also found that cuprous sulphide is formed when copper oxides, oxysulphides, or 
cupric salts are heated with sulphur. E. Wcinschcnk obtained octahedral crystals 
of cuprous sulphide by heating an intimate mixture of cupric oxide, sulphide, and 
ammonium chloride, until the latter has all sublimed. This method was employed 
by F. WdhW with iron oxide. 

iJ, &y di&})lric&nnnt with other sulphides .—'The affinity of copper for sulphur is 
estimated by 0, Schumann to be nearly the same as that of copper for oxygen, 
A. Orlowsky 0 considers that the affinity of copper for sulphur is greater than that 
of any other metal excepting, adds E. Scliiirmnnn, palladium, mercury, and silver. 
E. K. Anthon says that this affinity is smaller than that of silver, but greater than 
that of lead, cadmium, iron, nickel, cobalt, and manganese ; to this list E, Sclnita 
added zinc and tin, and placed manganese with silver as possessing a greater affinity 
than copper for sulphur. F. G. Reichel? found that alum in ium and magnesium 
sulphides arc reduced at a very high temp. SCu+Mg&^Cu^SH-Mg. A, Cobon 
found that little cadmium sulphide is docomjKJsed when it is heated with copper 
in accord with SCu-j-CdS^Cu^S+Cd, because tho cadmium compound is dissociated 
below 600°. Sublimed cadmium also collects in the cooler parts of tlic tube ; and 
be also noted that with iron pyrites and copper in an atm. of carbon dioxide sulphur 
separates from the pyrites and unites with the copper. E. Schtitz observed that at 
1105°, copper ^removed 85"06 per cent, of the sulphur from ferrous sulphide; 
G, P. Schweder noted that copper removes sulphur from nickel sulphide; K. Her¬ 
mann found that if mercuric sulphide be boiled under water with copper, it is 
rapidly decomposed \ and G. Striiver found that many dry natural sulphides react 
with copper at ordinary temp., forming copper sulphide— c.g, hauerite acts markedly 
in about three days, pyrito acts more slowly, marcasifcc more quickly, and magnetic 
pyrites more quickly still—no action was observed with arsenical pyrites or cobaltito, 

3. From copper or copper ox life and hydrogen sulphide, —E. Murmann 8 made 
cuprous sulphide contaminated with cupric sulphide by tho action of hydrogen 
sulphide on red-hot'copper. E< Brunner, L. E, Rivot, and H. Rose prepared cuprous 
sulphide for weighing in analytical work by heating the precipitated copper sulphide 
in a crucible to redness in a stream of hydrogen. It. Wegscheider says the temj). 
should not fexceed 600°-700° or some copper is reduced, E. Murmann says that if 
cuprous sulphide with a fragment of sulphur be repeatedly heated in a stream of 
hydrogen, the product varies less than ± €'05 per cent, from the theoretical. The 
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admixture of a little hydrogen sulphide with the hydrogen has also been recom¬ 
mended* When carbon dioxide is employed in the reduction E* Murmann found 
the results too high. At ordinary temp,, dry hydrogen sulphide has very little 
action on the dry metal, but if oxygen or air be present, the metal is attacked. If 
^hydrogen sulphide he passed thorough water standing over copper, the metal is 
scarcely attacked, but if air be present, the metal is quickly blackened. Copper 
slowly decomposes an aq. soln. of hydrogen sulphide at 200°* Powdered copper 
very slowly develops hydrogen in an aq. soln. of hydrogen sulphide ; if the powdered 
copper has been calcined it is not bo active, but if the powder has been moistened 
with a soln. of platinie chloride, and ignited, it decomposes hydrogen sulphide 
more readily than copper alone. An alcoholic soln, of hydrogen sulphide behaves 
similarly ; a soln. in nitrobenzene favours the formation of cuprous sulphide with 
the simultaneous production of aniline and benzidine. 0. Schumann found 
cuprous sulphide to be formed by the action of hydrogen sulphide on cupric or 
cuprous oxide. The action takes place in the cold with the development of heat 
and the formation of water; with cupric oxide, probably cupric sulphide is formed 
as an intermediate product. C. Doelter heated cupric oxide between 250° and 4D0* 
or gently warmed cuprous oxide with hydrogen sulphide, and obtained crystalline 
cuprous sulphide. J. Milbauer heated to redness a mixture of a cupric oxide and 
potassium thiocyanate. The reaction is very energetic, thu product is wasltfed 
with hot water and alcohol. If the heating be too protracted K a Cu s S a is formed, 
4. From copper and carbon dwulphidc. —A. Cavazzi obtained cuprous sulphide 
by pausing the vapour of carbon disulphide over metallic copper at a high temp.— 
some graphite is formed at the same time* According to J. Thomsen, if the carbon 
disulphide is carried along with a stream of nitrogen carbon monoaulphide is formed. 
V. Merz and W. Weith say that at 2 fiO° a product with 20 per cant, sulphur (almost 
the theoretical .value for Cu a S) is formed the product is admixed with carbon, 
fi. The action of hydrogen suljdtitfc on copper —Hydrogen sulphide gives 
a precipitate of black cupric sulphide, CuS, from neutral or acid soln,; GuSO^-KH^S 
If the soln, be neutral or feebly acid, the precipitate is inclined to 
form a colloidal soln., and a considerable excess of acid is required to flocculate the 
sulphide. The precipitate readily oxidizes in air : CnS+20 a =-CuS0 4 . If the acid 
soln. be boiling, tbc sulphide dissolves in hydrochloric acid, forming cupri<■<hlorkle, 
which is then reduced to cuprous chloride : CmS- rCu01 2 --3CiiCl-i-S J ami, according 
to L. L, de Koninck, and T. Kliche, sumo sulphate is formed at the same time : 
C , uS-l-H€!ii01 j! +4H )! 0^=CuB0 4 +8HCl+8( ,, un. Hydrogen sulphide with add soln. 
of cuprous salts gives a precipitate of cuprous sulphide : Cu a Cl a -f H a S—Cu a S-|r 2 lICl. 

The dark greenish-black precipitate obtained by the action of hydrogen sulphide 
on an excess of a soln, of a cupric salt, and removing tin* hydrogen sulphide by a 
current of carbon dioxide, furnishes numbers in agreement with Cu : S : 1 , Not 
all the sulphur, however, is combined—some is free and can be removed by treat¬ 
ment with carbon disulphide or sodium sulphide. The residue contains copper 
and sulphur in projxutions which depend upon the acidity, temp., and concn. of 
^the soln,, and on the rate at which the hydrogen sulphide is passed through the 
soln. The precipitate washed free from uncombined sulphur is thought to he a 
mixture of cupric and cuprous sulphides containing fiCuS-t-mCu^E. It is supposed 
that copper behaves like the more negative elements cf the analytical group — 
germanium, tin, arsenic* antimony, molybdenum, tellurium, tungsten, platinum, 
iridium—and forms an unstable copper thio-sal£- vide cadmium, mercury, and 
lead thio-salts— this is then decomposed, forming the two sulphides as symbolized 
in general terms: (m-j-KjCu+rtSaCl^^/iCuCla+^CuS+nS. 

The precipitate is oxidized by air less readily than cupric sulphide* E, Wein- 
achenk made crystals of cuprous sulphide by the action of hydrogen sulphide under 
pressure on a soln, of cuprous chloride ■ H. Sommerlad 0 likewise from cuprous 
chloride and arsenious sulphide ; and J, Dnrocher made six-sided plates by the 
action of cuprous chloride vapour and hycUogen sulphide at a high temp, P. Sabatier 
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(ind J. B* Sendnrcns treated CuNO^ with hydrogen sulphide; H. da Sfenarraont 
treated a sola, of a cupric salt with sodium carbonate and hydrogen sulphide or 
potassium hydrosulphidc at 200 ''' ; A. Grlowsky boiled a hydrochloric arid aolm 
of a cuprous salt with sulphur; T* Parkman found sulphur dioxide acts more 
quickly than milk of sulphur; C. Himley, and G. Vortmaun recommended todiuru 
thiosulphate ; and F, J. Fakfcor treated dry cupric chloride with dry sodium 
thiosulphate. 

6 , The action of alkali or afwnonmm sulph ide on copper cr ctipper mils.— Alkali 
sulphides act on soln. oi cupric salts like hydrogen sulphide : tJuCJ a H-K £ 8 =CuS 
-P 2 KGJ. J. Pelouzc 10 reported that some nxysulphirfa is formed if the soln. is warm ; 
and T. Klichc found that the precipitate is a mixture of Imth cupric and cuprous 
sulphides. Copper is not attacked by a soln, of potassium sulphide in the absence 
of air or oxygen, but A. Ditte showed that in the presence of air black crystals of 
cupric sulphide, or of K 2 S.C'u a 8 , are formed and a little pusses into soln,; G. Lunge 
and Jf. Weibel found that at 20" a soln. of sodium hydrcsulphide —about 4 grms. 
per litre—dissolves O'6217 grra. of copper in seven days. According to i£. Pmvmmik, 
a soln, of potassium hydrosulphldc converts copper into crystalline cuprous sulphide, 
and gas is developed at the same time. lie also found that copper reduces the 
polysulphides of ammonium or the alkalies to the monosulphides, some sulphur 
may separate, and a brownish-black crust of cupric sulphide is formed on the metal; 
in a few days this crust is reduced to black cuprous sulphide. Colourless ammonium 
sulphide in the absence of air produces only a greyish-black film on copper after 
some months’ exposure; if air |>e present, ammonium hydroxide is obtained. 
V, Mow and W, Weith noted that a little of tbe ammonium hydroxide in decomposed 
furnishing hydrogen. The hydrogen is not developed with dil. win, A liltle, 
copper sulphide passes into soln, when a cone, soln. of ammonium momwulphidc 
acts on copper—crystals of cuprous sulphide arc simultaneously formed. The 
tapper sulphide which is dissolved is largely precipitated by dilution with water 
or treatment with hydrochloric acid. According to K, Heumann, the first product 
of the action of a sat. soln. of sulphur in ammonium monosidphidc Is a reddish 
deposit of (NH^Ou^. V, Mena and W. Weith also found that the reaction with 
iiirmicnium hydrosulphidc is accelerated if platinised cupper is used, but even 
then the action is slow, 

7, The reduction of Utc ozysulphur contptmads Ipf copper* -J. Uhl 11 found that 
a mixture of dry sulphur dioxide and air does not form sulphur trioxide, but 
copper is blackened by the reduction of the sulphur dioxide and the formation of 
cupper sulphide ; moist sulphur dioxide was found by II. Oausse to give a mixture 
of cupric sulphite and sulphide, and some hydrosulphurous acid is simultaneously 
formed. B. D. Steele noted that in the electrolysis of a soln, of potassium iodide 
in liquid sulphur dioxide with copper electrodes, a black film—presumably cuprous 
sulphide—ia formed. L. Maumenc noticed that with cone, sulphuric acid (4 : fi), 
copper is converted into brown amorphous cuprous sulphide ; 0. Baskerville found 
the conversion is quite rapid between KM ) 5 and 130°. S. U, Pickering believed that^ 
the cuprous sulphide is formed by the direct action of copper on the sulphur of the 
add. E. Divers and T* Shimidzu found tliat reduced sjiongy copper gives a slight 
effervescence when placed in fuming sulphuric acid, but the copper soon blackens 
and the reaction is then very slow. The black film i« presumably cuprous sulphide. 
According to V* Merz and W. Weith, when copper is heated with sodium thiosul¬ 
phate which has melted in its own water of crystallization, the formation of copper 
sulphide begins at about llb°, and is completed in about 40 min*- ^ ei 7 little 
normal sodium sulphite is formed when copper is heated to 1SM) C in aq. soln. of 
sodium thiosulphate, but at 170° the reaction is rapid* J, Girard noted the forma¬ 
tion of cuprous sulphide when a soln. of sodium cuprous thiosulphate is treated 
with copper. 

8 - The reduction of cupric sulphide.— When dry cupric sulphide is calcined in 
an open crucible, E, Ulrici ia found that a mixture of cuprous sulphide and copper 
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oxide is formed, and W. Hittorf says that some cupric sulphide remains undecom¬ 
posed even at a white heat. A- Mourfot reduced precipitated and dry cupric 
Bulphide by heating it for 5 mins, with 2U vols. of alcohol; with a long heating, 
metallic copper b formed, T. Klichc found cupric sulphide is reduced to cuprous 
•sulphide by a cone, hot animoniacal soln, of a copper salt; A. Ditto says that with 
potassium monos ulphide, cuprous sulphide and then a double salt is formed \ 
R, F. Weinland aud L. Storz reduced cupric sulphide with a soln. of sodium arsenite. 
F. Cornu made crystals of cuprous sulphide by heating covellite ill a porcelain 
crucible out of contact with air; A, Frenzel heated cupnic sulphide in a stream of 
coal gas; E, Weinschcnk, and F. Wihel routed cupric sulphide in a stream of 
hydrogen, F. Damm and F. Krafft found that cupric sulphide is reduced to 
cuprous sulphide by exposing it in vacuo at 4tf)° to the cathode light, A. Mourlot 
reduced cupric sulphide by heating it with a current of 35 amps, and 35 volts— 
and he adds that it is not decomposed by a current of 300 amps, and 50 volts if it 
is not in contact with carbon—iwie cupric sulphide. 

9. From cupric sulpha! *v-P. Berthier 13 obtained a mixture of copper and 
cuprous sulphide by heating cupric sulphate in a carbon crucible to a white heat. 
C + Bruckner heated a mixture of cupric sulphate with sulphur. Pyrites in a aoln. 
of cupric sulphate was found by H. V. Winchell to become slowly covered with a 
film of cuprous sulphide. P. Hess precipitated a him of cuprous sulphide on iron 
placed in cupric sulphate sole, and treated with sodium thiosulphate. This 
protected the iron from oxidation. F. Mylius and 0. Fromm found that if a soln, 
of cupric sulphate with a mixture of a soln* of sulphur in benzene or carbon 
disulpliide be poured on an anodic copper plate at the bottom of a vessel, and a 
platinum wire cathode be used, a plate of cuprous sulphide is formed at the 
surface of separation of the two liquids. 

0. A. Burghardt supposed that cuprous sulphide has been formed along with 
hydrogen sulphide, and iron sulphate by the action of steam under press., and over 
120°, on cupriferous pyrites. W. Lindgron and AV. F. Hillebrand, V. Lewis, 
H. N. Stokes, and J, F, Kemp seem to regard the mineral aa having been originally 
contained in pyrites from which thu ferruginous sulphides have been leached by 
soln. cf cupric sulphate, 

Hie physical properties of cuprous sulphide. The mineral is greyish- 
black, blue, green, or violet; and the artificial product Is black or bluish-black. 
Cuprous sulphide is dimorphous. In addition to the methods previously indicated 
for preparing crystals of cuprous sulphide by E, Wcinschunk, J. Margottet, 
E. Mitecherlich, 14 H. Rose, etc., F. Bossier dissolved the amorphous sulphide infused 
lead and obtained octahedral crystals by slowly cooling the soln. The crystals of 
the artificial product arc usually oetahedra belonging to the cubic: system, while 
the bipyramiaal crystals of the natural mineral belongs to the rhombic system 
and, according to 1V + H. Miller, it has the axial ratios a : 6 : e ^0-5822; 1 :0-9701. 
Both R. J. Haiiy and A. Levy supposed the mineral to belong to*the hexagonal 
system, but F. Mohs showed that this is wrong. The pseudohuxagonal symmetry 
*oi the mineral, like aragonite and chrysobeiyl, is accentuated by its forming twins 
and triplets about the prism planes. 

The cubic crystals appear to be the form stable at a high temp, W. Mdnch 
found both natural ami artificial crystals show discontinuous changes in their 
electrical conductivity at 95° and at 150°. According to M. Bellati and S + Lusaana, 
the first of these changes corresponds with a considerable change in the sp. lit, 
and they place the transition temp, at 103°, but R. von Sahmen and G, Tammann 
were unable to detect any discontinuity in the volume-temperature curve. The 
reported 15 numbers for the specific gravity of the artificial product vary from 
C. F. Rammclsberg’s 5'388 to C. J. B. Karsten’s 5 9775. The best representative 
value approaches C, Doelter’s 5'80, or W. Horapatlfs 5792 (17 7°} + The mineralo¬ 
gists give for the ap. gr + of the mineral G 5 to 5 6. The hardness on F. Mohs' scale 
is 2'5 to 3'0, r 
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C. J. B. Karsten reported that cuprous sulphide melts mow readily than copper, 
H. le Chatelier 18 found the melting point to be UQO*; G, Bodlander and 
K, 8. IdaszewBky found 1091°; K. Friedrich gave 112G°-1135' > for the f,p. and 
E, Heyn and 0. Bauer, 1127°. Molten cuprous sulphide does not mix in all pro¬ 
portions with copper—'the eutectic at about 1070° has, according to G. G. UrazofJ, 
0 88 per cent, of sulphur, or 436 per cent, of Cu 2 8, by weight, and from about 
9 per cent, to the f.p. of the two layers, the alloy separates into two layers, one rich 
in cuprous sulphide, and the other rich in copper ; the f,p. of the upper layer is 
1121 5 , and of the lower* *1U70 6 , According to G. G. Urazofi, during the cooling of 
solid soln. oE £-Cu 2 S rich in copper, the former passes into a-CugS; or cuprous 
sulphide rich in sulphur remains stable. Copper n&x& grows slowly in cooling soln. 
by the breaking up of the solid soln. of copper in cuprous sulphide. G. Bodlander 
and K. 8, Idaszewsky found that molten cuprous oxide does not mix in the fluid 
state with copper, but, when above the imp., copper is dissolved, and, on cooling, 
the metal separates out again. When polished surfaces of copper containing 
cuprous sulphide arc etched with ammonium tubrachlorocuprato, (NH 4 ) 2 Cu(JI 4 * and 
with hydrofluoric acid, the red cuprous sulphide remains unchanged. II: Kopp 
gave 0120 for the sp. ht. between 19° and J>2°. M, Bellati and 8, Lussana found 
the up. ht . to decrease on a rising temp, up to the transformation temp. 103° ; 
and the sp, ht, at a temp, below 103° is 010938^) O(X)24530; and above 
103°, C 1 --O'lG2(i9~O'(XXX)9120 ; they also give 5 030 Cals, for the heat ol trans¬ 
formation. J, Thomsen found the beat of formation (2Cu, 8) to be 20 24 Cals,, 
and (CugO, Il-jSaq.)* 381)3 Cals. M, Wa&juchnowa gave (2Cu, S) = lfr!) Cals,, and 
l(CuAS)-'2'40tJals. 

A. de Ci ram moot has studied the spark spectrum of cuprous sulphide/and 
found that it gives lines characteristic of sulphur and copper—the presence of 
iron is also shown spectroscopically by some characteristic lines in tho violet. 
0. Rohde* and Jv, Herrmann have studied the photoelectric effect of cuprous 
sulphide, 

T, Erhard 17 found that the electrical conductivity of copper-glance is virtually 
nil, and T, W. Case found exposure to light had no perceptible effect on the con¬ 
ductivity of chalcoeite ; but M, Faraday found that it docs conduct if heated to 
a temp, far below its m.p. W, Hittorf says that it conducts well when it contains 
copper. G. Bodlander and K. 8. Idaszcwsky say that cuprous sulphide is an 
electrolyte and that at a high temp, it is decomposed by the current into copper 
and non-el wtrolytic cupric sulphide. According bo G, Burckhardt* and T. du Moncel, 
it conducts like a metal, while W, Hittorf, and R. von liaeslmger find that at 110° 
or over it conducts like an electrolyte. The latter says that over JXX)° it conducts 
both as an electrolyte, and as a metal W. Month also measured the conductivity 
of the sulphide. S. P. Thompson says that the resistance at 0°, 51*, and 191° is 
respectively 1130, 120, and 2 unite, and W, Kohlrauseh adds that if the specific 
resistance beJ2, when mercury zero is tho unit* 

or Jir to? io7 11 m* iB4 n ina* 

Rx JO-" . 7430 4470 790 2\A 152 34 14 6 13 unifiT 

8. Bidwell found that precipitated cuprous sulphide pressed between silver 
and copper plates conducts electrolytically ; while F. Struiutz found that a rod 
made by press, from the powder is a worse conductor than cupric sulphide. 
0, Tubandt found that cubic pry state of cuprous sulphide* is an electrolyte with 
positive cuprous ions. G. Trumpler studied rells of cuprous sulphide, and 
measured the e.m f. against soln. of sodium sulphide. According to W. Skey, 
copper-glance is more electronegative towards a soln, of sodium chloride than is 
silver; A, Schrauf and E. 8. Dana say that it is electropositive towards copper; 
E. Becquerel observed an e.m.f of 0 28 volt when artificial cuprous sulphide is in 
contact with nickel silver, E. Hermito and 0, F, Cooper proposed te diminish 
tho internal resistance of cuprous sulphide by heating it in the vapour of sulphur, 
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and cooling out of contact with air. For the preparation of thermopiles with 
cuprous sulphide, see F, Peters* ThermoeletnfMe und Th&ntUisaulm (Halle, 1908). 
C. Tisflot and F. Fcllin have studied the use of cuprous sulphide for thermoelectric 
detectors in wireless telegraphy. S. Meyer gave - OHxlO -6 mass units at 17° 

fyr the magnetic susceptibility* 

The chemical reactions o! cuprous sulphide —According to S. U. Pickering, 16 
amorphous cuprous sulphide, when dried at 100°, does not oxidize in air, although 
K. Neumann found some samples acquired a steel-blue lustre when exposed to 
moist air. W, Hittorf found that when heated in the ab^nce of air, cuprous sul¬ 
phide decomposes into sulphur and cupric sulphide, and A. Mourlot obtained similar 
results with electrical heating. If heated with a limited access of air, sulphur 
dioxide, cupric oxide, and sulphate are formed, E. F. Smith effected the complete 
oxidation of the sulphur by heating the powder on molten potassium hydroxide 
in a nickel dish which served as an anode for an electric circuit. If heated with 
water vapour, H, V. Regnaulfc, and A, Gautier, found that some is decomposed, 
at a bright red heat, copper, sulphur dioxide, and hydrogen arc produced : C%S 
aCu^-SO^-t-SJHn. The sulphur of hydrogen sulphide may be oxidized 
by water at a red heat, forming sulphur dioxide and hydrogen along with traces of 
sulphur, sulphuric and thionic acids* Oxygen is therefore not necessary to account 
for the presence of sulphur dioxide in volcanic gases. 0. Weigel found that water 
dissolves 31 x 10 -fl mols of Cu 2 S per litre at 18*. W. Hampe found that hydrogen 
slowly and completely reduced cuprous sulphide at a red heat. E. Scluitz found 
that a stream of hydrogen passing at the rate of (VI5 litre per min. reduces 0 75 per 
cent, of cuprous sulphide heated for 3 lira, between GGQ° and GlU u , ferrous sulphide 
under similar conditions lost 3'40 per cent. — J, TJhl, and R* Wogschoider obtained 
a greater amount of reduction at 800°. According to F. C, Phillips, and 
A. Liversidge, reduction does take place at but, added W. M. Hutchings, 
only when the hydrogen is moist and the effect is then produced by the water vapour. 
The work of G, P, Sehweder, A. Classen, and H. Rose shows that the calcination 
of cuprous sulphide obtained in analysis, in a stream of hydrogen, docs not reduce 
sufficient cuprous sulphide to interfere with the result, provided the temp, is not over 
that of the ordinary gas blowpipe flame. A. Ledebur found that so mo reduction 
occurs when cuprous sulphide is melted with copper in dry hydrogen* A r T* Weight- 
man, and T. W. Richards showed that if cuprous sulphide be used as cathode in 
the electrolysis of dil, sulphuric acid, the compound is not reduced so readily as 
with lead sulphide. 

Cuprous sulphide at a dull red heat was found by H. Roseand E. Schafer to be 
but slowly decomposed by chlarmo ; and the latter found that under these con¬ 
ditions it is not attacked by bromine vapour. J. Lemberg found alkaline lye 
and bromine forms a skin of cupric oxide on copper-glance. 5A-hydrochloric 
add attacks cuprous sulphide very slowly, but J. Egli found that the action is faster 
in the presence of chlorine, II. Knop said that dil, hydrochloric acid converts 
copper glance into cupric sulphide ; and K, Hcumann found that the boiling cone, 
^cid slowly reacts with cuprous sulphide, forming cuprous chloride and hydrogen 
sulphide. 

E. Priwoznik 30 studied the action of alkali and ammonium sulphides on cuprous 
sulphide—cuprous sulphide with the Alkali sulphides forms fusible double sul¬ 
phides; the alkali polysulphides form products like they do with cupric oxide; 
K. Heumann studied the action of anunoniuir^ polysulphide, and obtained a 
red compound, (NH^Cu^Sj; K. Friedrich and P* Schon obtained only a single 
branch in the f.p. curve of mixtures of zinc sulphide and cuprous sulphide ; if a 
eutectic is formed it must lie close to the m.p. of cuprous sulphide ; K* Friedrich, 
with mixtures of cuprous sulphide and lead sulphide, obtained the typical V-curve 
with a eutectic at 540° and about 52 per cent, lead sulphide ; P. RSntgen obtained 
indications of the formation of four compounds, Cu 2 S : FeS=3:2 ; 1 ; 1; 2:5; 
and 1:2 on the f.p. curve of mixtures ofreuprous sulphide and ferrous sulphide* 
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S. U, Pickering found that with sulphuric add, cuprous sulphide furnishes wulphur 
dioxide, cupric sulphide and sulphate: Cu M S-t- ; 3H 2 S0*=Cu8-HCuS0 4 -(-2H a 0-l-S0 a ; 
and M. de K, Thompson showed that the action of the dil. acid is very slow in the 
presence of oxygen. K. Heumann noticed that some varieties of the crystalline 
sulphide are not attacked by dil. or cone, add. C. E. Baker and Ah W, BurweU 
found that when sulphur chloride, S 2 C1 2 , is heated with cuprous sulphide, cupric 
chloride and sulphur arc formed. 

According to W t Hampe, 21 and G, P. Schwedcr, carbon lias no appreciable 
reducing action on cuprout* sulphide at a red heat; W. Hampe found that cuprous 
sulphide is not appreciably reduced by Carbon monoxide at a red heat; 

G. P. Schweder found a loss of 0'8 per cent, which W. Hampe attributed to the 
presence of a little air, for the reducing gases act more rapidly if air is present. 
When strongly heated in the presence of carbon dioxide there is but a slight de* 
composition and loss of weight. E. Fleischer found that while fusion with sodium 
carbonate has scarcely any action on cuprous sulphide, a mixture of sodium car¬ 
bonate and hydroxide reduces part of the sulphide to copper ; and P. Berthier, and 
E t Fleischer noted that a mixture of sodium carbonate and cuprous oxide reduces 
about half the latter to copper, and the other half forms a compound of sodium and 
cuprous sulphides ; at a white heat almost all is converted to copper. P. Berthier 
noted that sodium carbonate with cuprous sulphide and iron also furnishes copper. 

E. Fleischer also fused a mixture of cuprous sulphide, and audium carbonate and 
chloride, with potassium chlorate, and obtained a more energetic oxidation than 
occurs with aqua regia. P. Berthier found that a simdar action occurs if the 
sodium carbonate is replaced by lime or baryta, and double cuprous barium or 
calcium snip hides are formed. 

Cuprous sulphide was found by M. Malaac 22 to ho converted by aq. ammonia, 
in the presence of air, into a soln. of a cupric salt. J. Lemberg found that hy treat¬ 
ing copper-glance with aqua ammonia, and then acidifying the soln. with sulphuric 
acid, copper is precipitated on the iron. K. Heumann says that cold nitric acid 
gives cupric sulphide and half the copper passes into soln.; and with warm nitric 
acid, sulphur is separated ; when fused with sodium nitrate, cuprous sulphide 
furnishes copper. J. Matuschek says that if the copper-glance be too finely powdered 
cupric oxide may be formed, and that large crystals are scarcely attacked by sodium 
nitrate, but they are by potassium nitrate, H. Rose found phosphine slowly 
decomposes cuprous sulphide, forming hydrogen sulphide and copper phosphide. 

P. Watts 23 reported that aluminium and calcium carbide reduce native cuprous 
sulphide when heated in an electric furnace. 0. J. B. Karsten obtained no decom¬ 
position by fusing cuprous sulphide with lead, although P, Berthier found that 
when fused with lead oxide, there is formed cuprous oxide, lead, and sulphur 
dioxide ; Cu 2 SH“3FbQ=Cu 2 Q-j-3Pb-|-S0 2 . q j jj Karsten, and F. Schweder found 
that when heated with iron there is an incomplete decomposition, forming ferru- 
gineous copper, and cupriferous iron; E. Sckiitz found that when the mixture is 
heated to 1205°, 93'6 per cent, of the sulphur romHina with the copper. E, D. Gamp- ^ 
bell noted the diffusion of cuprous sulphide into east iron at a red heat. C> J. B. Kar- 
sten obtained a slight decomposition of cuprous sulphide by heating it with forric 
oxide, but none with ferric silicate, F. Schweder observed no action when niokfll 
is heated with cuprous sulphide. G. J. B. Karsten found that when calcined with 
cupric oxide, sulphur dioxide and copper or cuprous oxide arc formed ; the reaction 
^wae also studied by E. Heyn and 0. Bauer, 24 who found that if reducing agents 
are present, the sulphur dioxide is partially reduced to sulphur, which re-forms 
the sulphide. W* StaM studied the corresponding reaction with CUpTOUS oxide. 

G. Bodlander found cuprous sulphide to be more soluble in water than silver 
sulphide, and more soluble than lead sulphide; according to 0. Weigel, a litre 
of water dissolved 31x10“® mol of copper-glance. Cuprous sulphide was found 
by J. Egli to be slightly soluble in 4 5iV-MMium hydroxide. E. Berglund says 
that the precipitated sulphide slowly reduces zinc from a soln, of a riho salt £ 
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E. Heyn and 7, W, Hinrichsen* and 0, Ba-utr studi&d the action of a boIh. of c a d m ium 
acetate mixed with potiwsium cyanide on copper containing cuprous' sulphide* 
when alcohol is addiul, a yellow precipitate occurs. E. Cumengc and R. Wimmer 
found that when cuprous sulphide is treated with ferric chloride soln. cuprous 
ahloride, ferrous chloride, and sulphur are formed ; on the other hand, H. Kammerer 
showed that when heated in a sealed tube at I2U C with ferric chloride, there are 
formed sulphur and cupric and ferrous cldorides, hut not cuprous chloride. Similar 
results were obtained with a soln. of tonic sulphate, and V. Thomas found this 
last-named solvent readily dissolves coppcr-glanee* forr^mg sulphur and ferrous 
and cupric sulphates which do not act further on cuprous sulphide. According to 
T* Kliche, atmnoniacal soln. of cupric salts do not attack the sulphide. A boiling 
cone, soln. of cupric chloride in the presence of hydrochloric acid or sodium chloride 
was found by F. Raschig to decompose cuprous'sulphide into cuprous chloride 
and sulphur; whilst a cuprous chloride soln. has no action. M. Vallety, and 
A. Schneider symbolized the reaction with a soln, of silver nitrate : 4AgNO^Cu a 9 
=2Ag-j-Ag 2 S+2Cu(NO.j)<>> K, Hcumann pointed out that the reaction is very 
alow with the crystalline form of cuprous sulphide. S, Meuniur has stated that the 
metals are precipitated from soln. of the rare-earth salts by copper-glance. 
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§ 23. Cupric Sulphide h 

The blue Kupferglas described by J. C. Freieslebcn 1 no doubt referred to the native 
cupric sulphide ; it was named intiljo copper by C. A. S. Hoffmann and A. Breithaupt, 
The compositioo was determined by N. Covclli, and F. S, Beudant narued it coveUttc, 

E. J. Chapman, breithauptite, 

^ The formation yifl preparation of cupric sulphide. —M. Berthelot 2 ob¬ 
tained cupric sulphide by the action of hydrogen sulphide on solid cupric acetate, 
hut not the chloride. A. Ditte obtained crystals of cupric sulphide by the action 
of a dilp aoln. of potassium sulphide on copper when air is excluded, E. Murmann 
found that cupric sulphide precipitated by alkali sulphides from cupric salt soln. 
always contains alkali as impurity, E. Priwoanik obtained crystals of cupric 
sulphide by the action of a aoln. of sulphur in aq. ammonium sulphide on copper. 
K, Heumann noted that when dry cupric oxide is treated with a cone. soln. of 
ammonium monosulphide, much heat is developed and a violent reaction 

occurs; a mixture of variable proportions of cuprous and cupric sulphides is formed. 

F. Cornu evaporated a mixture of malachite and ammonium hydrosulphide to 
dryness, and extracted the sulphur with carbon disulphide. Crystals of cupric 
sulphide remained, 1 V. Stan&k converted Amorphous into crystalline cupric sulphide 
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by heating it for four hours with ammonium sulphide soln, in a sealed tube at 150*- 
200° ; W, Spring heated the amorphous sulphide in vacuo to 150° for about nine 
days of 7^0 hours’ duration. Sodium or ammonium thiosulphate precipitates a 
mixture of cuprous and cupric sulphide from warm soln. of cupric salts. This 
reaction has been studied for analytical purposes by A t Carnot, J. Girard, C. HimbyT 
E. Fleischer, H. Nissenaon and B. Neumann, A. Orlowsky, G, Vortmann and 
M. Willenz. E. Priwoanik says a cold soln. of sodium thiosulphate colours copper 
black in a week’s time ; a boiling soln, of the salt acts on the finely-divided metal 
much more rapidly. Tin same reagent was used by C, Puscher in producing lustre 
films of the sulphide on copper or its alloys, 

F. C. Phillips noted that carbonyl sulphide slowly precipitates cupric sulphide 
from an aq. soln. of cupric sulphate ; and rapidly from an ammoniacal soln,; K r Preis 
used sodium thioarsenate and boiling soln. J. B. Sendorens obtained crystals of 
cupric sulphide by heating an intimate mixture of sulphur, water, and cupric oxide 
to 100*. A. Gautier used E. Fr£my’s process for preparing crystalline metal sul¬ 
phides in which thy vapour of carbon disulphide is passed over the heated oxide. 
Some cupric sulphide is produced during the action of cone, sulphuric acid on 
copper J. Thomsen 3 showed that the affinity of copper for sulphur is satisfied 

by the formation of cuprous sulphide, in the sense that no further heat is evolved if 
the copper takes up no more sulphur, until cupric sulphide is formed. It has hence 
been argued that the formation of the intermediate sulphides is very doubtful— 
c.p. A. Rtard's Cu a 8 a —obtained by the action of hydrogen sulphide at 160° on 
cuprous sulphite, and supposed to be represented in nature by the mincrala diflenile 
and wiTwcwticr; J. Thomsen’s Cu^—obtained by the action of sodium sulphide 
on cupric sulphate both in very dil. soln.; A, R. Griffiths’ a grey mineral 

which is probably a mixture of copper-glance and indigo-copper. These compounds 
do not appear on the Ip. curve of binary mixtures of sulphur and copper previously 
discussed. 

The precipitate obtained by the action of hydrogen sulphide on a eolm of a 
cupric salt is usually regarded as cupric sulphide. 4 According to J. Thomsen, the 
precipitate is a mixture of the intermediate sulphide Cu^Sg with sulphur; A. Ditte 
does not believe that the precipitate contains cuprous sulphide. B, Brenner found 
that some free sulphur is present, and when this is removed by digesting the pre¬ 
cipitate with carbon disulphide, the product appears to contain variable proportions 
of cuprous and cupric sulphides, E t Abel believes that the two sulphides are in 
a state of equilibrium in the solid state, A. Rossing argui^ that the precipitate is 
cupric sulphide because it immediately forms silver sulphide, Ag a S, with silver 
nitrate soln. .T, B. Coppoek also says that if a soln. of cupric sulphate freely acidified 
with nitric acid be poured into an aq. soln. of hydrogen sulphide ; washed with, acid 
and water ; digested seven days with carhon disulphide ; washed with alcohol; 
and dried in an atm. of carbon dioxide at RJO v , the product is cupric sulphide, CuS, 
W. Antony and A. Lucehesi say that to get pure cupric sulphide the precipitation 
must be made at 0*, with water sat, with hydrogen sulphide, washed by decantation 
at 0°, and maintained at this tomp, until the precipitate collects at the bottom of 
the vessel. It is then filtered and washed in an atm, of hydrogen sulphide, and dried 
in nitrogen at 120°, H. W. F. Wackenrodor found that no precipitation occurs if the 
cupr>c salt soln. contains potassium cyanide ; an excess of ammonia ; or tannin. 
A, Lob, andF. P. Treadwell and G. von Girsewald attribute the non-precipitation of 
cupric sulphide in theso solus, to the formation of complex cupric ions which arc not 
decomposed by the hydrogen sulphide. G. Chcsneau has investigated the action 
ofhydrogen sulphideon mixed soln. of lead and cupric nitrates. C. Doelter obtained 
crystals of cupric sulphide by the action of aq, hydrogen sulphide on copper in a 
sealed tube at 200*; he also used malachite at 80° in place of metallic copper; 
E. Weinschenk used a soln. of a cupric eulphate with twice as much ammonium 
thiocyanate as is needed to convert the copper to the thiosulphite; and with a 
slight excess of acetic acid. F. von Hochstetter suggested that in some cases 
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cupric sulphide crystals may have been formed in nature by the joint action of 
calcium sulphate and organic substances on copper or bronse. 

B, D, Steele & says that cupric sulphide is probably formed during the electrolysis 
of salt aoln. in liquid sulphur dioxide with a copper cathode- A. C. BecqueraL says 
that the crystalline sulphide is formed on the anode during the electrolysis of a 
soln, of cupric nitrate separated from a spin* of alkali sulphide by a collodion or 
paper diaphragm* 

A- C. Itecquorel introduced a cracked test-tube filled with a qpnc, soln. ol cop^r nitrate 
into a teflt-glaHfl containing a eolii- uf sodium rntmoaulphido, keeping the two Jiquicta at the 
came level. If fcho soln. wore nimply mixed, cupric sulphide and sodium nitrate would be 
formed, but a brilliant deposit of metallic copper ttoon appear* in the crack, and as the 
deposit increased, the crack enlarged, and the tube ultimately broke. If the experiment 
bo varied by making a galvanic couple with a copper or platinum wire, copper is deposited 
on the wire dipping in the cupric salt sdn. ; no trace of copper appears in the crack, until 
the wires are remuved. A. CL Hecquerel then assumed the liquid in the crack plays tho 
part of a solid conductor and electrolysis occur. Hence, the effects ore classed as tfwtro- 
c apUlary or rhxtniro-ttipUhirif w-tioruL The chemical effects produced in capillary spaces 
were studied with other salts—silver, load, gold, tin, cobalt., and niekd. 

The physical properties of cupric sulphide --Artificial cupric sulphide is usually 
black, bluish-black, greenish-black, or brown ; the Dative mineral is also black, 
bluish-black, indigo-blue, dark violet or dark green. A. Lottermoser says that 
when cupric sulphide is precipitated by hydrogen sulphide from a cold, cupric salt 
soln. it is quite brown and that the product from a hot soln, has a greenish tinge. 
A, Brcithaupt supposed the crystals of covcllite belonged to the hexagonal system, 
and C. A. Kenngott gave the axial ratio a :c=l: 3'97SJO* AccordiugtoS.Stevanovic, 
the crystals nf covcllite belong to the monoclinic system with axial ratios a : i : c 
=05746 :1 : 06] 68, and j0=90 s 4 G y although they appear to be pseudohexagonal; he 
also described various forms, and complicated twins, J. lY* Retgera says the crystals 
are not isomorphous with cinnabar. The reported values 7 for the Specific gravity 
range from C, Doelter s 3 9 to S, Stevanovit’s 4'668* W. F. Hillebnand gives 476 
at 26°. The mineral covellitc has a sp. gr. 4 Sib4($4, and its hardness is 1 to 2, 
W. Hittorf* converted cuprous to cupric sulphide by heatiug it up to about 444* 
with flowers of sulphur ; M, Faraday effected the conversion by triturating 
cuprous sulphide witli cold cone, nitric acid. A, Knop treated copper-glance 
with dil. sulphuric acid, hydrochloric acid, acetic acid, and aq. ammonia, and 
obtained crystals of cupric sulphide. As previously indicated, W. Spring produced 
copper sulphide by the action of high press* on mixtures of powdered copper and 
sulphur, Wh Blitz discussed the dissociation of cupric sulphide, and P, W. Bridgman 
stated that it Has a transition point at about 103* similar in character to that 
exhibited by silver sulphide. A. S. Russell gives the Specific heat at —135° as 
O'OSSS, and at 25° os 0*1243* K. Bornemann and 0, Hengstenberg found the sp ht. 
of cupric sulphide rose from 01432 at KHI° to 07699 at 300°, and thereafter 
diminished to 07369 at 1030°. C. H. Lees found the thermal conductivity of 
cupric sulphide to be 0'014 in cals, per cm. H, I cole gave for the conductivity at 
0°, ff=(V0016+0-0(430* M. Berthelot 9 found that the heat of formation 
(£CuO, iH a S in 8 litres of water) is 15 8 Cals.; |Cu(C 2 HgO) 2 , NHjHSf, 25 9 Cals.; 
and with sodium monosulphide, 207 Cals, J, Thomsen gives (Cu, 9, mH 2 0)=973 
Cals.; {Cu(N0g) 2 aq*, H 2 Saq,} = 16’42 Cak ; (Cu,S), 976 Cals,, and *(Cu 2 S, S) 
=0-3 Cal*; while M. Berthelot gives 107 Cals., H. von Wartenberg, 1X 6 Cak, and 
M. TV'asjuchnowa, {Cu, S)=1I*9 Cals* ; and (Ci^S, S)=4 9 Cals. 

A* Verneuil 10 studied, the effect of cupric sulphide on the phosphoresoeiioe of 
calcium sulphide, and found the colour of the glow is altered a little, but the intensity 
remains the same. O. Rohde, and K. Herrmann have studied the photoelectric 
effect with cupric sulphide* 

According to F. Beijerinck,^ the electrical conductivity of oovellito is better 
than that of copper-glance or, according* to W. Hittorf, better than precipitated 
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cuprous sulphide. K. Badeker gives 000126 for the specific resistance of cupric 
sulphide at ordinary temp, when that of copper is O'OOOQOIT. F, Streintz measured 
the conductivity of rods prepared by compressing the powder to between 10,000 ami 
13,000 atm. The resistance remains unchanged at O'OISO ohm up to 90 & ; and 
it decreases slowly to 0 + 0143 ohm as the temp, rises to 250° ; when the maaa 
is cooled, its resistance is smaller than before, vh, () l 0023 ohm. G, Bodlander and 
K. 8, Ida&zewsky, and W. Hittorf say that it conducts like a metal and not 
electrolytically. T. W. Case found that oxposuru to light had no measurable 
influence on the conductivity of covellite. K. Badeker found the e.m.f. against 
copper between 2Q fl and 200° increases 7'33 microvolts per degree. H, Davy found 
cupric sulphide to be electronegative against copper in potassium hydrosulphide 
soln. G. Triimpler measured the e.m f. against soin. of sodium sulphide. 8. Bidwell 
observed that the conductivity of cupric sulphide is very small when pressed between 
silver and copper plates, but if some free sulphur is present, the conductivity is good, 
W, Spring, and G. Bredig found that when suspended in water, in an electrolytic 
cell, finely divided, cupric sulphide migrates to the anode, B4. Lucas found that 
when cupric sulphide is suspended in ammonium sulphide soln., only a trace of 
copper appears on the cathode during electrolysis, K E, Brooks studied its use as 
an element in combustion cells; 0, Tissot deweribed its use in detecting electric 
waves ; and K. Badcker found the thermoelectric force against copper to be 7 33 
microvolts per degreo between0° and 100°. S. Meyer gave -O’1(1 X10- fl mass units 
at 17° for the magnetic susceptibility ; and E. Wilson gave for copper pyritesj 
0 0102 to iJ‘U169 XlO -6 . 

The chemical properties ol cupric sulphide* —J. W. Doberemer, 12 and 
W. Hittorf found that when cupric sidphide ia heated to redness in the absence of 
air, it is reduced to cuprous sulphide, and the product is then stable over a wide range 
of temp. Consequently, the high temp, reactions of cupric sulphide are really 
concerned with cuprous sulphide. A. Mourlot found that in the electric furnace, 
cupric sulphide ia reduced first to cuprous sulphide, and then to the metal. M. Wan- 
juchtiowa investigated the reaction. For the production of moss copper from 
cupric sulphide, vide silver sulphide, F. Da mm and F, Kraft found that, in vacuo, it 
is reduced by tho cathode rays even at 400 & . Moist cupric sulphide rapidly oxidizes 
in air, and as shown by P. de Clermont and H. Guiot, heat is developed during the 
oxidation. A. Mailfort found cupric sulphide to be also oxidized by ozone. Cupric 
sulphide is easily reduced by hydrogen under atm. press. E, Brunner, 13 S, U. Picker¬ 
ing, and J. Uhl have studied the reduction of cupric sulphide in hydrogen, and find 
the reduction to copper occurs at 000° in hydrogen, and at 300°-3C0 o in carbon 
monoxide ; D. Stickncy also found that it is completely reduced in the coal-gas 
flame. According to K. Neumann, cupric sulphide is reduced by nascent hydrogen ; 
black cuprous sulphide appears to be formed when it is treated with zinc and dil, 
sulphuric or hydrochloric acid. According to 0. Weigel, a litre of water dissolves 
3 51 XIO-o mcl of cupric sulphide; F, Cornu found that the compound is attacked 
by water, and this is accompanied by some oxidation, hut F. dc Clermont and 
M. J. Fiommel observed no action at 100°, II. V. Hegnault found that when 
heated to a high temp, with water vapour, copper, sulphur, and much hydrogen are 
fanned. 

Gaseous hydrogen chloride, and fuming hydrochloric acid were found by 
H. Bcrthelot 14 to decompose cupric sulphide. According to A. W. Hofmapn, it 
dissolves with difficulty in hot core, hydrochloric acid with the separation of sulphur, 
and the formation of hydrogen sulphide and cuprous chloride. W. Antoni and 
L. Niccoli found hydrochloric acid of medium cone, does not decompose cupric 
sulphide, 

8, E, Linder and H. Pictonsay that some cupric sulphide ia dissolved when it is 
treated with hydrogen sulphide. 8. W. Young and N. Preston studied the joint 
action in sealed tubes of the copper sulphide minerals on liquid hydrogen sulphide 
and water or diL sulphuric acid, with and without iron compounds. According 
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to A. Rearing, cupric sulphide is insoluble in a win. of sodium monosulphide, 
but it is soluble in sodium polysulphide, forming Na^Cu^; on the contrary, 
G, F. Becker says it is slowly dissolved by a soln, of sodium monosnlphide, 
in a eat, soln. of hydxosulphide, and in a mixture of hydrosulphide and 
Carbonate. E, Frost and A* van do Casteels examined the solubility of cupric 
sulphide in potassium poly sulphide, J. N* Mukherjee and N. N* Sen found that 
the stability of a sol of cupric sulphide is increased by dilution irrespective 
of the nature of the electrolyte. The adsorption theory of coagulation per 
simpHcker predicts that dilution will diminish the stability, A. Lottcrmoser, and 
J, N. Mukherjee and N. N. Sen found also that dissolved hydrogen sulphide stabilizes 
cupric sulphide sol both in aq, and non-aq, media. Potassium and sodium sulphides 
have a more marked protective action ; similarly also with ammonium, potassium, 
barium, and strontium chlorides, and aluminium sulphate. Alkali hydroxides act 
similarly, and a trace greatly facilitates the preparation of sols rich in sulphide, and 
largely increases their stability. A. S, Cushman found cupric sulphide to be soluble 
in ordinary ammonium sulphide ; and L. Starch says that it is perceptibly soluble in 
sodium and ammonium thio-salts of molybdenum, tungsten, arsenic, antimony, 
vanadium, and tin. A. Gueroutsaysaq, sulphur dioxide dissolves it without change. 
According to 8, U. Pickering, cone, sulphuric acid decomposes it into cupric sulphate, 
sulphur dioxide, and sulphur: CuS“}- 2 H a S 0 t =S+CuS 04 + 2 H 2 0 -t-S 0 j i . T. Kliche 
odds that so long as copper is present, cuprous sulphide is formed. A. W. Hofmann 
says that cupric sulphide is decomposed, but not dissolved by boiling dil. sulphuric 
acid (1: G). G. Gore, and E. C* Franklin and C. A. Kraus find cupric sulphide to be 
insoluble in liquid ammonia* A. W, Hofmann, and W, Antoni and L, Niccoli say 
that cupric sulphide is decomposed by nitric acid with the separation of sulphut and 
the formation of sulphuric, acid. N. D, Costeanu could detect no action when 
carbon dioxide is passed over cuprous sulphide at 550°, but at 700°, a reaction, 
Cu 2 S+C0a=Cu 2 04-C0+$, occurs. 

According to A, S, Cushman, cupric sulphide is insoluble in a soln, of potassium 
hydroxide ; insoluble in an acidified cone, aq, soln. of alkali chloride (distinction 
from cadmium sulphide); and, according to A, L. Flanigon, it is soluble in a soln, of 
potassium cyanide, a reaction which enables it to be separated from cadmium 
sulphide, M, Ragg found cupric sulphide to be insoluble in an alkaline sob. of sodium 
xanthogeneto, E. Cumenge and R. Wimmer say that it is soluble in a soln, of lerric 
Chloride with the separation of sulphur; 0. E. Mohr says that it is oxidized by a 
boiling sob, of ferric sulphate- -J. Hanus adds that the residue probably contains 
an oxysulphide, and M, de K. Thompson that for the complete soln. of the copper, 
CuS-l-Fe 3 [S 04 ) 3 =CuS 0 1 -i-S+aFeS 0 4 , air must have free access to the solvent. 
According to J, Perino, a soln. of ferric nitrate at 40 a -70° transforms it into cupric 
sulphatc—nitrogen peroxide is first given off, then nitric oxide. In the presence 
of hydrochloric acid or sodium chloride, a boiling soln. of Qupric chloride transforms 
it almost quantitatively into cuprous chloride ; and if ammonia is present, much of 
the sulphur forms sulphuric add, and, according to J. Felouze,it forms oxysulphides. 
According to F. Raschig, very dil. soln. of cupric chloride have very little action, 
while cuprous chloride acta atill less. C, Friedheim says that ammoniacal sob, of 
cupric salts act very rapidly on cupric sulphide, and cupric oxide separates from the 
alkaline sob. According to T. Kliche, an ammomac&l soln. of a cupric salt forms 
cuprous sulphide, and this the more the higher the temp, and the more cone, the 
sob. The sulphur is oxidized to sulphuric acid, and the cupric oxide reduced to 
cuprous oxide. Neutral or acid sob. of sulphate, chloride, nitrate, or acetate give 
the same reactions, but no oxygen is given of; and no oxysulphides are formed. 
An excess of cupric sulphide was found by E, F, Anthon to give a precipitate when 
boiled with a soln. of silver nitrate, but not with cobalt or nickel nitrate, cadmium or 
manganese sulphate, ferric chloride or lead acetate ; E, Schurmann also found that 
when cupric sulphide is added to soln. of silver nitrate or of mercuric or paUadious 
chloride the metal sulphide is precipitated. According to F* Stolle, a litre of a 
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10 per cent. soln. of sugar dissolves 0'5672 (17*5°), 0‘3659 (45°), and 11345 (75*)grms + 
of cupric sulphide ; while a 30 per cent. soln. dissolves Q + 8632 (17 + 5*), 07220 (45 5 J, 
and 1-2033 (75°) grms.; and a 50 per cent, soln, 0 0076 (17*5°), 1*0589 (45*), and 
12809 (75°) grins. 

Colloidal solutions of copper sulphide* —T, Svedberg 16 prepared an isobut^- 
atcosot of cuprous sulphide by his process of sparking terminals under the liquid. 

L. T. Wright found that if precipitated copper sulphide be boiled 10 mins, with an 
insufficient amount of potassium cyanide soln, for complete soln., and then filtered, 
the insoluble sulphide immediately passes through the filter paper when the attempt 
is made to wash it with water. The dark opaque filtrate contains what he called 
“ colloidal *' cupric sulphide, which partially flocculates and settles on standing. 
W. Spring also made colloidal soln, or hydrosol of cupric sulphide by treating a dil, 
soln, of cupric sulphate with an aq. solu. of hydrogen sulphide, Ebell showed 
that the cupric sulphide colloid is not in a state of true soln., but contains particles 
in such a fine state of subdivision that they remain in suspension an indefinite time. 
W. L. Miller and R. H. McPherson found that colloidal copper sulphide does not 
distribute between at], alcohol and ether, and therefore ftTgucs that the colloidal soln. 
is far removed from the state of true solu. N. Ljubawin, A. Sabanjcoff, C, Wins- 
singer, S. E, Linder and H. Picton, etc., have further studied these soln. 

In placo of hydrogen sulphide, J. Thomsen substituted a dil. soln. of sodium 
sulphide ; and in place of cupric sulphate, W. Muthmann and L, Stiitze] used a dil. 
soln. of potassium cupric thiosulphate ; L. Vaniuo and F. Hartl, a dil. soln. of 
potassium cupric cyanide ; J, ftchriider and A. Neumann, a soln. of cupric chloride 
in pyridine ; anti A. Lottermoser, a dil. soln. of a glycosol cupric salt. By working in 
alcoholic soln., A. Lottermoser also prepared ahnsols of cupric sulphide ; and with 
aceto-acetic ethereal soln,, ether osoh of cupric sulphide. J. Hansmann studied the 
periodic or rhythmic precipitation which occurs when a soln. of cupric sulphate is 
allowed to diffuse into gelatine containing ammonium or sodium sulphide. 

S. K. Linder and H, Picton showed that the precipitate obtained by the action 
of hydrogen sulphide on a dil. soln. of a cupric salt contains an excess of hydrogen 
sulphide “ combined with the freshly precipitated sulphide/’ and that the pro¬ 
portion of Cuft : H 2 S depends on the concentration of the soln. They conclude that 
TCuS.H^S is first formed, and that this is broken down by the action of acids through 
successive stages expressible more or less approximately by the formulas 9CuS.II 2 8 
and 22CuS,lLS, till tliero remains a molecule composed of (CuS) n alone. Here n is 
possibly a higher multiple than 22CuS. In the light of later work on colloidal 
chemistry, it is probable that S. E. Linder and H. Picton’s cupric hydrosulphides 
aie merely adsorption products of colloidal cupric sulphide aud hydrogen sulphide. 
In the simultaneous precipitation of copper and zinc sulphides, the amount of zinc 
carried down decreases rapidly with an increase in the cone, of the acid, and when 
the latter is constant, it also decreases with rise of temp. K. Scheringa concludes 
that the zinc sulphide is not adsorbed superficially, but forms a solid soln, at the 
moment of precipitation with the cupric sulphide. 

The higher cupric sulphides.—J. J. Berzelius, H, Schift, 17 and H. Peltzar ' 
obtained dirty yellow to brown precipitates by treating cupric salt soln. with 
ammonium or potassium polysulphide, or an ammoniacal soln, of sodium cupric 
thiosulphate witli alcohol. J. J. Berzelius says the precipitate is soluble in an aq. 
soln, of potassium carbonate, and consists of a mixture of cupric sulphide and penta- 
sulphide, or of cupric d 1-, tri-, or totra-sulphides. K. Pcltzer said that all the pre¬ 
cipitates arc soluble in an excess M a soln. of ammonium polysulphide. T. Parkman 
also obtained what ho regarded as a mixture of cupric oxysulphido and polysulphido 
by boiling sulphur with a soln. of cupric acetate \ but J. B. Sendcrens obtained 
cupric sulphide from aoln, of cupric sulphate or nitrate. H, Debus also prepared 
what he regarded as a cupric tetrasulphide, CujjS^ by the action of cupric acetate on r 
Wackenroderis soln. A. Rossing did not succeed in making the tetrasulphide, 
Cu^S*, nor indeed cupric perdasulphide^Cu^^, although F. Bodroux claims to 

vol. ni. Q 
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have made it as a reddish-brown mass by pouring an excess of a 1 per cent, soln* 
of cupric acetate into a dil. soln. of calcium poly sulphide, all at 0 ° t The precipitate 
was washed with iced water, and with alcohol, and then shaken with cold carbon 
disulphide. The product was dried at a low temp, in vacuo. The product rapidly 
4 acotriposes into cupric sulphide and sulphur with a small rise of temp.; it is 
insoluble in a soln. of alkali sulphide —presumably ** colourless/* adds A. Bossing. 

A. Bussing made cupric hex&Sulphide, Cu 2 S a , mixed with free sulphur by treating 
a soln, of ammonium or sodium thiocupratc with dil, acids. He also prepared it by 
fusing a mixture of anhydrous copper sulphate, sodium carbonate, and sulphur, 
dissolving the fused mass in cold water in an atm. of hydrogen, and precipitating 
the clear soln, with hydrochloric acid ; the orange-red precipitate is dried over 
sulphuric acid and extracted with carbon disulphide. All operations must be 
conducted at a low temp, and with the least possible exjKisure to the air. Analyses 
deviate within narrow limit# from OO'IO per cent, of sulphur, and 39’71 per cent, of 
copper-theory for is Cu, 30 85 ; S, GOT5 per cent. A. Bossing believes that 
the hexaaulphide is the anhydride of a dibasic hydiosulphocupric acid, ILCiu S 7 , 
with the constitution: 


/HS-CV-&—S 
\HS— Cu—8—K 


>w ) 


Uydrosul^iocupric mid. 


(«<£>«) 

SuLjihoi uunr anhydride. 


and that the acid forma suIphoruprates ( 7 .C.) represented by (NH 4 )prepared 
by A. G, Bloxani, H, Volil, K. Heumann, E. Priwoznik, and H. Peltxer. The 
amorphous powder is orange-red when dry, reddish-brown when moist. When 
freshly precipitated, it dissolves rapidly in soln. of the alkali or barium polysulphides, 
and is re-precipitated by carbon dioxide. It is decomposed when warmed, and when 
treated with colourless soln. of alkali sulphide, forming cupric smlphide ; with silver 
nitrate it forms silver sulphide. Cupric pentasulphide, Cu^S^, is made by 
shaking moist cupric hexasulphide, Cu^, with ammonia. The washed and dried 
precipitate can be extracted with carbon disulphide* The dark blue amorphous 
powder is no* decomposed at 1(X) C , or by boiling with water, A. Rosning also made 
cupric trisulphide, (hi 2 % by heating on a water-bath the dried hexasulphide with 
carbon disulphide or ether in a flask fitted with a reflux coudeuser. The. insoluble 
residue was washed with carbon disulphide and dried at ordmary temp. The dark 
brown amorphous mass is decomposed by boiling alcohol into cupric sulphide. 
A. Bossing suggests that the formula of this sulphide is; 


S< 


Cu-tt 
(*u—S 


The state of our knowledge of the cupric sulphides is rather unsatisfactory, 
because it is not at all convincing to depend upon carbon disulphide or indeed upon 
other solvents to remove all the free sulphur—if sulphur iiflsorbed by the colloidal 
solid be regarded as free, i.e. uot chemically combined. The fdrion curve is 
~ indicated in Fig. fi. 

Copper Qtxysulphules.—As indicated above, T. Park man 18 obtained evidence 
which he regarded as indicating the formation of an impure oxysulphide in the pro¬ 
ducts obtained by boiling a soln. of cupric acetate with sulphur. In the by-products 
obtained in the preparation of sulphur dioxide by the action of cone, sulphuric acid 
on copper, E. J. MaumenG stated that brown cuprous cxydisulphidct 20u g 8.CuO, is 
formed when one-fifth the available sulphur didkide has becu evolved ; cupric 
oxydivulpitide, 2 CuS.CuQ, when two-thirds of the available sulphur dioxide has 
escaped; and the end-product is cupric t^rMfttmtlphide, CuS.CuO* C, Baakerville 
also obtained a black oxysulphide by the action of sulphuric acid, sp. gr. 1*84, on 
copper at 250*. vL Pelouzo prepared what he regarded as cupric oxypcrtlasulphidet 
5 CuS.CuO, by the action of precipitated cupric sulphide on dil. soln. of cupric sul¬ 
phate ; the soln. is gradually decolorized j the action is faster in ammoniacal soln. 
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If an ammoniacal soln. of a cupric salt at about 75° be just decolorized with Milium 
sulphide, and the black precipitate washed with'air-f roe water, pressed, and dried in 
vacuo, its composition is CuO.bCuS. These oxysulphides may ultimately prove to 
be all mixtures of sulphide and oxide. T. Kliche, indeed, says that the products 
prepared by E, J, Maum ene’s and J. Polouze's processes did not contain oxygen, 
only copper and sulphur, and accordingly e& tedreft alk Ozysvlfidc zu tireichen. The 
action of an amnioniacal wolm of cupric oxide on the sulphide removes sulphur from 
the sulphide, and with increasing cone,, increasing amounts of cuprous sulphide are 
formed—the sulphur forigs sulphuric acid, and the cupric oxide is reduced to cuprous 
oxide. 

Double salts of copper sulphide and the alkali sulphides.—P. Berthicr 10 
prepared what were thought to bo double salts by fusing cupric sulphate, potassium 
sulphate, and sulphur in a carbon crucible ; and L. N„ Vauquelin by fusing potassium 
polysulphide with copper. The composition of the products is rather indefinite* 

Gr* Bodlander and K. 8. Idaszcwsky 20 found cuprous and sodium sulphides arc 
mutually soluble to a limited extent, and they prepared the sodium Sulphocuprita, 
Na 2 S*Cu 2 S, or NaCuS, by melting an intimate mixture of equimolecular parts of the 
component sulphides* Steel-blue needles of the double salt remain when the solid 
mass is extracted with water. When a fused mixture of the two salts is electrolyzed, 
copper migrates to the anode as a complex anion, and a little copj>cr appears at the 
cathode owing to the secondary action of the sodium there formed. The corre¬ 
sponding potassium sulphocuprite, K 2 S*Cu 3 S, was also made in a similar manner 
by fusing the coniponent salts at 800°, By molting proper proportions of cuprous 
and sodium sulphides, (i. Bodliinder and K, S, Idassewsky also prepared crystalline 
plates of tho composition Na^S^OugS— sodium trisulphocuprite. A. Ditfce prepared 
potassium pentasulpbocuprite, Xo8.4Cu 2 S, by the action of a cone, cold soln, of 
l>otassium monoaulphide upon precipitated cupric sulphide* The cupric is reduced 
to cupjujUH sulphide. The liquid becomes orange-yellow, and after so mo hours, the 
precipitate is converted into a mass of crystals—partly octagonal or quadratic plates, 
deep red by transmitted light, partly into long slender needles. If tho liquid be 
boilrd, bronze-coloured slender needles are formed. All these varieties of crystals 
have the same composition, K 2 S.4Cu 2 S. If the alkaline aolm bo too dil., the cupric 
sulphide is not. affected. Long needles of the same salt were also made by immersing 
metallic copper in a cone, soln. of the alkali sulphide. If tho liquid is exposed to air, 
the amount of the double eonijiound gradually increases, but if it is contained in a 
closed vessel, the formation of the double sulphide ceaeEJS after a time. The action 
of the alkaline sulphide on the copper is due to the presence of oxygon, for if the soln. 
is pEitfectly freo from oxygen and the latter is carefully excluded, the copper is not 
attacked. The first reaction consists in the formation of potassium hydroxide and 
cupric sulphide, and the latter as fast as it is formed splits up into cuprous sulphide, 
which forms the double compound, K 2 S, 4Cu 2 9, and sulphur, which forms poly sul¬ 
phides. A eoI% of potassium sulphide too dil. to decompose cupric sulphide attacks 
metallic copper in presence of air or oxygen, but the product is the simple sulphide 
CuS, 

R, Schneider prepared a sodium salt with a composition corresponding with 
NafcS.CujjS.CuS, Na a Cu 3 0 a ; and a potassium salt, K 2 S.30u 2 S.2CuS, X 2 Cu a S^ by 
melting the dry alkali carbonate, sulphur, and coppr. J* Milbauer also prepared 
the potassium salt by heating a mixture of cupric oxide with potassium thiocyanate 
for half an hour. In both eases, ijm mass was extracted with water, and dark stool- 
blue crystals remained. Tho sodium salt forms very dark blue hygroscopic crystals 
which are attacked by the oxygen and carbon dioxide of the air. They melt below 
redness in vacuo without decomposition; they deflagrate when heated in air; 
hydrogen converts thorn into a mixture of cuprous and sodium sulphide ; and they 
readily dissolve in nitric acid with the separation of sulphur* When the potassium 
salt is heated, sulphur is givon off, and a mixture of cuprous and potassium sulphides 
remains* When heated in a stream of hydrogen, one-sixth of the sulphur is lost 
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in hyJrogcn sulphide; it is insoluble in dib hydrochloric acid, hut is attacked by the 
cone, acid ; and with silver nitrate it reacts : K 3 Cu fi S^“f-lSAgNO^SCufNQata 
-j“2KNQj+6A^S-f-6Ajf;. K. A, Hofmann and F. Hoclitlen n have shown that the 
compound prepared by H. Peltzer, A. G. Bloxam, A. Geseher, K. Heumann, H. Vohl, 
and E. Priwoznikis not, aswas previously supposed, (NH^Cu^Sy, (NH^gS-SCuSg, or 
(NH^S^CuS, but rather ammonium tetiroirtphocuprate, NH 4 CuS 4 , the copper 
ammonium salt of F. W h Kiisteris hydrogen tetrasulphide, H.HS 4 . Analyses show 
that the atomic ratio S: Cu is not 7 :2 but 4:1. H, Peltzer prepared this salt by the 
action of ammonium polysulphide on sodium copper thiositfphate ; K, Heumanu, by 
pouring a eoJn. of cuprje sulphate into a tone, eoJij. of ammonium pentasulphide ; 
A. Gcscber, by the action of a dil, ammoniaral soln, of cupric sulplurte on yellow 
ammonium sulphide ; A. G. Eloxam by dissolving freshly precipitated cupric oxide 
io a sat, solm of sulphur m ammonium sulphide ; H, Void, by pouring a soln. of 
cuprous t hloride (free from the cupric atilt) in ammonium c hloride, or a colourless 
soln. of cupric chloride in sodium thiosulphate, or an amnioniaeal soln, of ammonium 
eulphieuprite, carefully, with constant stirring, and exclusion of air, into a (one, 
soln. of ammonium polysulphide ; K, Heumami, by the action of yellow ammonium 
sulphide on freshly precipitated cupric sulphide ; and E. Priwoznik, by the action 
of the same reagent on cuprous sulphide or on cupric or cuprous oxide, or, more 
slowly, on metallic copper. H. Vobl’s process probably gives the purest product* 
H. Biltz and P. Henna used the following process : 

Dil. 2UU c.c. fionr, (25 per cmt.) aq. ammonia with 50 c.c. of water ; Haturzile the soln* 
with hydrogen HiiJphide ; and salinate half the noln. at with SO gim*. of sulphur ; filter 
thif liquid and mix the two *oln. Slir up the liquid with u soln, of 20 groin, eryfttalliiie 
cupric euJphnto m UlMI c.c. of water ; filter rapidly and allow the filtrate to stand overnight 
while flooded by a freezing mixture. Wash the cry h tal^ first, with water, then wil h alcohol, 
and dry overnight m vanm ttwr milphurie acid, Vuld J4 grind. 

The needle-like crystals have a garuet^nsd colour, when heated, they lose ammonia 
and ammonium sulphide, and become brown, but tbc primitive colour is restored 
when they are heated in the vapour of ammonium sulphide. The crystals are 
sparingly soluble in cold water, but they dissolve in warm water leaving a black 
residue. The yellow solm on standing becomes dark green and gives a black pre¬ 
cipitate with hydro chloric acid* Dil. nitric, sulphuric, or hydrochloric acid has nn 
action on the cold, but when heated with the crystals, gives brown cupric sulphide 
mixed with sulphur, and gives off hydrogen sulphide, and ammonia—nitric acid 
oxidizes some of the sulphur. Cone, hydrochloric or sulphuric acid has no action in 
the cold ; and nitric acid causes much effervescence, when nitrous fumes are evolved, 
and sulphur is separated. The crystals arc slightly soluble in alcohol and an aq, 
soln* of sodium carbonate ; but. are insoluble in ether, 

The crystals of ammonium tetrasulpliocuprate are soluble- in sodium hydroxide 
lye, but crystals of the sodium salt have not been obtained ; E. Priwoznik prepared 
a solii. of the sodium salt by the action of a soln. of sodium pentasulpbide on cuprous 
sulphide or cupric oxide. The soln. of the ammonium salt in sodium hydroxide gives 
precipitates of the potassium, rubidium, or cesium salts when treated with the 
corresponding hydroxides. Dark red crystals of potassium tetrasulphocuprate, 
KCuS 4 , were made by K. Heumann, E. Priwoznik, H, Biltz and P, Herms, by the 
action of potassium penta&ulphidc on copper, cupric oxide, sulphide, or other com¬ 
pounds* H. Biltz and P. Herms also usmI a mixed eoln. of sodium pentasulphido 
and thiosulphate, and they recommend the following process: 

A cold soln, of 2 grind, of ammonium tetrosulphocuprttte in ti c.e, of EiY-NaQH h mixed 
with 3 5 c.c. of AJf-ItOH in 30 cte. of alcohol. Filter the soln. rapidly, and atir the filtrate, 
with twice or three times its volume of alcohol while it ia cooled by a freezing mixture. 
Wash the dark red crystals with ulcohol by decantation, and after suction, dry in vacuo 
over sulphuric acid. 

Crystals of mbidium tetraaulphocuprato, RbCuS 4 , were made by H, Biltz and 
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P. Hernia in a similar manner. The dark red crystals have a yellow tinge. 
Yellowish-red or brick-red prisms of cse&ium tetrasulphocuprate* CaCuS 4 * were made 
by a similar process. These salts are to be regarded as salts of hydfMrasulphottipnc 
acid, HCuS 4 . H. Biltz and P r Henna say that thesis salts crystallize in small prisms, 
and the colour passes from the garnet-red of the ammonium salt to the brownish-red 
colour of the ccesium. salt* The salts are sparingly soluble in cold water and in 
alcohol. The solubility increases with increasing at. wfc. They decompose slowly 
in air at ordinary room temp, but rapidly when heated ; the decomposition is 
favoured by the presence of moisture ; the dry salt may l>c kept for weeks without 
appreciable change. Nitric, sulphuric, or hydrochloric acid decomposes the salts 
very slowly in tho cold, but rapidly when fouled. Pil. acids attack the salt more 
rapidly when hot, cupric sulphide and sulphur separate, and hydrogen sulphide is 
given off. 

H, Bilta and P. Henna obtained small black and prismatlc crystals of potassium 
decasulphotricuprate, K^€u 3 8 10 > or llKCuS^CuSa, by shaking a soln. of *2 gnus, 
of ammonium tctrasulphocuprate in fi c.c. of 2A T -NaOH with d o c.c, of GN-KQH, 
while cooled with. ice. Alcohol is carefully added so as to avoid the formation of the 
red-coloured salt. The crystals are sparingly soluble in alcohol, easily soluble in 
water. The aq. soln. rapidly decomposes at the ordinary temp, of the room. The 
soln. gives a brownish-red precipitate with alkali hydroxides, a dirty brown pre¬ 
cipitate with potassium monosulphidc, and with potassium tctrnsulphidc in the 
presence of alcohol, it fumishos potassium tetriisulphocuprabe, KCuS*. It is rapidly 
decomposed by dil. acids, slowly by cone, acids. The corresponding rubidium 
decasulphotricuprate, Kb^Cu a S l0 , or URbCu^.CuSg, has also been prepared. , 

When cuprous oxide or sulphide is dissolved in the pentnsulphidc soln. at 0°, 
deep brown-coloured liquids are obtained, from which alcohol throws down yellowish- 
red prisms of a complex compound, potassium dioitfeniimulphodicuprate, 
K^CUoO^. When freshly precipitated, the crystals dissolve readily in water, and 
with Csesium hydroxide soln. give a quantitative yield of cfesium copper tetra¬ 
sa lphidc. 
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§ 24, Cuprous Sulphate 

Up to 1009, the existence of cuprous sulphate, Uii^SOj, was inferred (L) from tlic 
existence of certain complex salts like cuprous phenylhydrazino sulphate and cuprous 
py rid inn sulphate prepared by J. MoEtessier;* cuprous thiourea sulphate: prepared 
by li. Rathke, A. Rosenheim and VV. Ldwenstamm, and V. KuhLschiitter and 
C. Brittle bank; and hydrated cuprous carbonyl sulphate and cuprous tetraminino- 
sulphatc, by A. Joannis ; and (ii) from certain reactions in aq. soln, Thus, the 
leaching of roasted cupriferous pyrites with warm water was supposed by C. Bischotf 
to yield a soLu, containing some suhsulphato; the dissolution of copper by boiling 
aq. soln. of cupric sul phate was supposed by C. So ret to be due to the, formation of a 
soluble cuprous sulphate, and II. Rbssler showed that when treated with sodium 
chloride, thu green soln. gave a precipitate of cuprous chloride, and when exposed to 
the air, it became blue. 

F. Forster and F, Hlanketiborg showed that the dissolution of topper by an acid 
soln. of cupric sulphate proceeds until an equilibrium 2Cuy^Cud-Cu +< is established, 
and the same result also obtained in ammoniacal soln. of cupric sulphate decolorized 
by ctipper. The appearance of cuprous oxide among the products of the reduction 
of cupric sulphate soln. by magnesium, zinc, and iron was explained by R. M. Caven 
by assuming that the cupric salt is reduced by nascent hydrogen ; by the direct 
action of the displacing metal; or by the action of precipitated copper on cupric 
sulphate, and he favoured both the last-named hypotheses. H. Kiliani also showed 
that the liquid obtained by tire electrolysis of a neutral soln. of cupric sulphate with 
a copper anode contains cuprous sulphate, for it re-deposits copper during its decom¬ 
position. A. Matthkaecn and M, von Bose found two decomposition potentials in 
the electrolysis of cupric salt soln. At catlmde potentials below the larger one, 
F. Forster and G+ Coffetti showed that cuprous oxide is deposited from neutral soln,, 
and cuprous sulphate from acid soln. The formation of the cuprous salt is favoured 
by a rise of temp, and a low current density. A rise of temp, favours the formation of 
cuprous copper, and F. Forster find 0. Seidell found the hot soln. deposits copper on 
cooling bo that the equation : Cu a S0 t ^Cud-CuS0 4j urthe ionic eq,: 2Cu r ^=tCu* l 4-Cu, 
represents the balanced reaction. In the electrolysis of sulphuric acid with copper 
anodes, F. Fischer estiinates that 50 per cent, of the copj>er which goes into soln. is 
univalent. R, Luther computed that at 25°, the cone, of the cuprous sulphate in a 
ikY-soln, of cupric sulphate acidified by iV-suIphuric acid is l l 67 XlQ^ 4 mol of Cu^SO*; 
and E. Abel gives at ordinary temp. [Cu'V[Cu ']=0-66 xlO- 8 ; and at 25°, a 
0'GQ64iY~&oln. of cuprous sulphate is in equilibrium with a A T -soln. of cupric sulphate. 
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In neutral sola., sa y F. Forster and G. Coffetti, cuprous ions are constantly removed 
by hydrolysis and precipitation of cuprous oxide, and from add soln, by the oxidation 
by atm. oxygen. At a copper* anode, similarly, the copper dissolves in the cuprous 
condition until equilibrium is attained, and since the layer of soln. in contact with 
tbe anode always contains more cupric sulphate than the body of the soln., a greater 
number of cuprous ions will be formed there than can exist in the more dil. mass of 
the liquid, and therefore as the cone. sain, diffuses away from the anode copper must 
be deposited. This explains the fact that the loss of weight of the anode is greater 
than the gain of weight of the cathode, and also the presence of copper dust in the 
anode slime. The cone, of aq. soln, of cuprous sulphate is attended by the hydrolysis 
and precipitation of cuprous ox]do : <hi 2 S 0 4 j-^O^Cu^O-KtoSO* ; or by the 
deposition of copper : CujiSO^Cu CmSO^. 

A. Iteoouru has shown that by operating m the absence of water, methyl sulphate 
and cuprous oxide react to form cuprous sulphate and ether: CuaO-HCHglgSGt* 
^CuaSOad-fCHataO. Ethyl sulphate reacts in a similar manner. Two grams of 
powdered cuprous oxide are mixed with c.c. of methyl sulphate at 160 D until 
methyl ether ceases to bo evolved—about IS min. Thu cuprous sulphate, pre¬ 
cipitated as a greyish-white powder, is washed with other while air is carefully 
excluded, and finally dried iu vacuo. The salt is stable in dry air, but is immediately 
decomposed by moisture: CugSOi^-hAq.—CuS 04 SU i n . 4 -Cu +21 cals. The de- 
velopment of heat in this decomposition is contrary tn the behaviour of other cuprous 
salts, and explains why cuprous sulphate cannot be prepared in aq. soln. Freshly 
prepared cuprous sulphate if allowed to oxidize before drying is converted into a 
sooteblitfk powder, from which cupric sulphate is dissolved by water, leaving an 
oxide with all the properties of Rose's oxide, (iu 4 0. Dry 0 ^ 864 , oxidized at 100 °, 
yields the basic salt, CuO, < -uS0 4 . Cuprous sulphate is soluble in cone, hydrochloric 
acid, in ammonia, and in glacial acetic acid, the last giving an intently violet soln. 

G. Dcnigfes prepared double comiwunds of cuprous hydroaulphate, CuHS0 4 , with 
aniline, toluidine, and o-xvlidine. F. Forster and 0. Seidel prepared yellow amor¬ 
phous basic cuprous sulphate or CUprOQS oxysulphate by the electrolysis of a 
M-sola, of cupric sulphate acidified to make the soln. 0 GiN-H^Sf^ Temp, 4*) u , 
current density 7'3 amps, per sq. deem,, and XT) volte. 

Cupric sulphate forms complexes in ammomiacal soln. which can be easily reduced 
to the cuprnufl state ; at the same time, the blue colour of the cupric soln. disappears, 
forming a colourless liquid. J. Meyer s used sodium sulphite for the reduction; 
A. Bomthsen, and P. Schutzenlarger and C. Risler, sodium hyposulphite; 
J. A, Joannis, carbon monoxide; F. Forster and F. Blaukenbcrg, copper; and 
F. Ebler, hydrazine sulphate ; A. Joannis obtained an umtnoniacal soln. of cuprous 
sulphate by treating cuprous oxide with a soln. of ammonium sulphate in liquid 
ammonia. P. Schutzenberger and C. Risler found that when shaken with air, an 
ammomacal soln. of cuprous sulphate absorbs twice as much oxygen as is needed 
for the conversion of the cuprous to the cupric salt, and they suggested that half 
the' oxygen is used in forming hydrogen peroxide ; C. Engler suggested that a 
* peroxidized body is formed; but J. Meyer found that hydrogen peroxide cannot 
exist in the presence of cuprous salts even at 0 °. According to J. Meyer, an 
unstable intermediate oxide, Cu^Cfj, may possibly be formed ; but the oxidation 
proceeds on normal lines, in accord with the equation : aCujO+O^iCuO, and 
the abnormal result previously obtained is due to the presence of sodium sulphite, 
which resets: Cu 2 0+S0 2 d-0 2 =2CuO+SO^. The oxidation of ammoniacal cuprous 
sulphate has been utilized for the measurement of oxygen dissolved in water by 
R Schutzenberger and C. Risiur, F. Tiemann and C. Preuase, J. Kdnig and 
C. Krauch, etc. According'to S. L. Bigelow^ the reaction occurs in the presence 
of alcohol. 

When hydroxylamine sulphate is added to an alcoholic ammoniacal soln. of 

cupric sidphate,E. Pechard found that cupotlfl tetonmimo-snlpliate, Cu a (NHa) 4 S 04 , 

. contaminated with ammonium sulphate is*predpitated. He obtained the pure salt 
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by reducing a suspension of basic cupric carbonate, CuCOj.Cu(OH).?, in dih ammonia 
soln. with hydroxylanline sulphate at BO p . Carbon dioxide, nitrogen, and nitrous 
oxide are evolved, and whon alcohol is added to the cooled soln., a heavy white 
precipitate of the required Halt is obtained. A. Angel likewise prepared the same 
compound by adding hydroxylaminc sulphate or hydrazine sulphate to an am* 
moniaeal soln, of cupric formate, and precipitated the salt by the addition of alcohol, 
A* Bouzat obtained the same salt as a white crystalline powder by adding alcohol to 
a soh. of cuprous oxide and ammonium sulphate in aq. soln. at 50° in an atm, of 
hydrogen. According to*E. Pochard, the salt forms white hexagonal plates. It is 
readily oxidized in air, and soluble in aqua ammonia, insoluble in alcohol, and is 
decomposed by water. When heated to 100°, it does not loao ammonia, but above 
this temp., it loses ammonia and the residual cuprous sulphate decomposes. 
A, Bouzat’s method of preparation shows that ammomacal cuprous oxide, like the 
corresponding mu pric compound, is a sufficiently strong base to displace ammonium 
from its Halts. Cuprous tetrammino-sulphate reduces nitric acid with the copious 
evolution of nitrous fumes. Uil. sulphuric acid precipitates copper from the 
ammino-suipliate soln., and leaves a soln, of cupric' and ammonium sulphates. 

F. Forster and F. Blankenberg obtained colourless monohydrated cuprous 
tetramnaino-Sulphate, Cu a (NH 3 ) 4 S0 4 JLO, by reducing a soln. of Q'5 mol of cupric 
sulphate and 8’7 mols of ammonia with copper in an atm. of hydrogen. The 
prismatic and needle-like crystals which separate are washed with alcohol. They 
can be kept aniim weeks in a scaled tube at ordinary temp. Small traces of moisture 
colour the crystals brown in a few days. When heated in hydrogen to 100°, the 
crystals lose ammonia, and leave a dark brown-coloured mass containing copper a 
cupric salt, ammonia, and water. Uil. sulphuric acid colours the crystals pale red 
owing to the separation of copper. 

A. Jo arm is found that when carbon monoxide is passed into a soln, of cupric 
sulphate containing in suspension finely divided copper, or a sheet of platinum 
coated clcctrolyticallywith copper, the gas is slowly absorbed and the liquid becomes 
colourless. If now the soln. be placed in a vacuum, it loses carbon monoxide (free from 
carbon dioxide), and when the press, of this gas in the apparatus falls to 2 or 3 mm., a 
pelliculo of copper separates at the surface of the liquid and the liquid becomes blue. 
If carbon monoxide be again passed into the liquid the copper gradually redissolveg 
and the blue colour disappears. When carbon monoxide is passed into an am- 
Moniooal soln, of cupric sulphate containing finely-divided copper, the soln. becomes 
colourless, but comparatively Ijttle copper dissolves. The whole of the dissolved 
carbon monoxide cannot bo extracted in a vacuum, but part remains in the liquid 
as ammonium carbonate. There is no separation of metallic copper, and the soln. 
remains colourless. Even in absence of metallic copper, ammoniacal soln. of cupric 
sulphate are slowly decolorized by carboi) monoxide, and then behave in the manner 
just described. It would seem that, in these eases, cuprous sulphate exists in the 
soln. in combination jrith ammonia, whilst in the cases first described it exists in 
combination with carbon monoxide. The white crystals have the composition of 
monohydrated cuprous dicarbonyl-aulphate, PujjSO 4 . 2 CO.HaO, They effloresce 
readily, and under diminished press,, the solid and the sob. decompose into copper 
and cupric sulphate, which suggests that cuprous sulphate cannot exist except in 
combination with another molecule, such as carbon monoxide or phosphorus hydride, 
Soln. of cupric nitrate, formate, or acetate, in contact with metallic copper, absorb 
carbon monoxide and at the same time are decolorized, 
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$ 26 . Cupric Sulphate 

Cupric sulphate is known in the anhydrous form, CuS0 4 , and as the mono-, tri-, 
and penta-hydrates. The pimtahydratcd is the usual form, Several other hydrates 
have been reported- t\g. the di-, hrxa-, hepta-, and eiuioa-hydrated sulphates—but 
their individuality is not well defined. The blue salt, which crystallizes from aq, aoln. 
at ordinary temp, is pentahydrated cupric sulphate, CuS0 4 .(rH a O, and it has been 
known for many years as blue vitriol or Cypriftn vitriol. There are allusions in 
Dioscorides and in Pliny to what is thought to be this salt. 1 (Seber and Basil 
Valentine also speak of blue vitriol from Cyprus. The earlier observers confused 
cupric and ferrous sulphates, since both salts often occur in the same mine waters, 
and they can crystallize together to form a mixed vitriol—-thua Valentine says that 
Venus and Mars can be united by aoln. and coagulation into a virtuous vitriol/* 
Some of the alchemists sought for tho mat.erw pmm in the mixed vitriols, and 
Valentine said that "when copper and iron are present, der Satme da fiddea will 
not be far away." Magistral is an impure blue vitriol with ferric oxide, sodium 
sulphate, and chloride, etc., obtained bv powdering more or less oxidized cupriferous 
pyrites. It is used in the amalgamation of silver ores at the Mexican and South 
American silver mines, A. Libavius described the preparation of idt-rialum vrneris 
in 1595; J. B. van Helmont prepared the same salt in 1644 from a mixture of 
copper and sulphur which had been fused together and exposed to rain water. 

Several basic sulphates of not very definite composition occur in nature— 
brochaniite, Cu^SOifOHjg, is perhaps the most important. C. F, Rammclsberg 2 
reported the anhydrous salt in the fumaroles of Vesuvius and called idrocium, 
that is, hydrocyavite, by G. Tschermak, and A. Scacehi. Thu mineral chateautMte, 
CuS0 4 ,5H a 0, has been found deposited from cupriferous mine waters either in 
crystals or in stalaetitic formations; and, according to If. Ctehmichen, it occurs as a 
workable ore at Copaquire (Chile), where it has probably been formed by the oxidation 
of chalcopyrite. The Californian mineral bootftitr is reported, by W*. T. Schallcr to 
have the composition CuS0 4 .7If £ 0. 

The action of (sulphuric acid on copper has been previously discussed. The 
general results show that at ordinary temp, sulphuric acid and copper alowlv form 
cupric sulphate and sulphide. Tbia was early established by the work of J. Davy, 3 
and G. BarrueL The latter also showed that dil. sulphuric acid slowly acts on copper 
if air has access to the liquid, and J. E. Berard based a process on this reaction for 
making cupric sulphate on a large scale, G. Bairuel obtained cupric sulphate by 
the joint action of air and sulphurous acid on the metal, and G t dc Bucbi and H* Gall 
proposed to make the salt by tho action of water vapour, and air, with about 10 per 
cent, sulphur dioxide on the metal; and E. W. von Siemens and J. G. Halske, by the 
action of sulphur dioxide and air on cuprie oxide, carbonate, or silicate over 500 s , 
Cupric sulphate was made in 1648 by J. R* Glauber, by the action of hot sulphuric acid 
on the metal. For example, if a mixture of gram-atom of copper be heated with two 
moil of sulphuric acid, evaporated to dfyneas, exhausted with hot water, filtered 
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from copper utid cupric sulphide, blue crystals of the pentahydr&ted cupric sulphate, 
Cu 904 . 5 lL 0 , separate on cooling. G. E. Stahl in 1723 showed that if nitric acid 
be mixed with sulphuric acid, the formation of cupric sulphate is facilitated. For 
example, E. F. Anthon kept a mixture of 100 parts of copper with 150 parts of 
sulphuric acid and 168 parts of nitric acid (sp. gr. i'2G) in a warm place, and obtained 
a soln, which when boiled, filtered, and cooled gives crystals of the pentahydrate. 
The same process was used by W. Hampo, T. Savage recommended using sodium 
nitrate in place of nitric acid. Cupric sulphate is formed by the electrolysis of diL 
sulphuric acid, or solo. of sulphates by means of copper anodes. H, J. U. PaJasj 
F, A. ,f. Cotta, 1** A. Mackay, and E. Gouin have a process for applying this reaction 
on a large scale. 

Perhaps the simplest method of preparing a sola, of cupric sulphate is to dissolve 
cupric oxide, hydroxide, carbonate, or oxychlorido in hot dil, sulphuric acid, and 
evaporate the liquid for crystallization . 4 On a large scale, cupriferous by-products 
—ronated copper ores; copper scale; copper-waste or scrap; etc.—are treated with 
sulphuric anid. Many of these processes arc indicated in connection with the ex¬ 
traction of copper. In general, cupriferous pyrites is roasted so that the copper is 
largely oxidized to the sulphate while the iron is converted into ferric oxide. The 
hot routed on: is extriLcted with water, and tho liquid concentrated for crystalliza¬ 
tion. Cupric sulphate 1 is also a by-product in the extraction of silver from its ores 
by digesting the roasted ore in sulphuric acid. The lead and gold are precipitated ; 
plates of copper are inserted in the soln. of silver sulphate when silver, aracnie, and 
antimony arc deposited, and copper sulphate passes into soln. This liquid is allowed 
to crystallize for the required salt. E. V. Zappi dismissed the manufacture^ of 
copper sulphate 1 from chalcopvritc with 10 per cent, of copper; and H. Suchanek, 
from old scrap tsopper; cupriferous residues, slags, and ashes; cupriferous pyrites 
and poor copper onjs ; and impure cupriferous liquors. 

According to M. do In Source , 6 the pentahydrate is readily converted into trihy^ 
diated cupric sulphate, OuSO^SHjjO, for when the powdered salt is dried in a desic¬ 
cator beside phosphorus pentoxide for about 11 days at 25 g —30°, it loses about 14 5 
per cent, of water, and it loses no more if kept for a longer time. The product thus 
contains the amount of water required for the trihydrate. By drying the powdered 
salt in vacuo beside phosphorus pentoxido, 28 0 per cent, of moisture is lost, and 
monohydrated cupric sulphate, CuS0 4 .H,;0, is formed. W. Muller-Erzbach obtained 
the trihydrate by exposing the anhydrous salt to air with moisture eq. to 28 to 30 
peT cent, of the vap. prostf. of water; if the air contains 17 per cent, moisture, 
monohydrated cupric sulphate is formed. T. Graham obtained the monohydrate 
by warming the pentahydrate in vacuo at 38 fJ -tude infra —ami W. R. Hodgkinson 
and co-workers heated the powdered pentahydrate a week at 118° ; ]\ W. Horn and 
E. I>, Taylnr heated the pentahydrate to 100 ° in a current of dry air ; and F. KrafTt, 
GO lira, over sulphuric acid in vacuo. A, Hitard obtained the trihydratc by heating 
a sat. soln. of.euprie sulphate in a sealed tube at IG 8 MIG 0 for 48 hrs.; and he 
obtained the monohydrate by heating a soln. of the pentakydrated salt in the 
smallest possible quantity of water with a groat excess of cone, sulphuric acid to 
200 °, and then cooling the mixture. A. Seacchi and C. F. Rammelsberg crystallized 
the salt from a sulphuric acid soln. of cupric sulphate. Tho correct cone, of the acid 
for producing both the trihydrate and the monohydrate will appear from J. M. Boll 
and W. G. Taber’s study, Fig. 33. C. A. L. do Brnyn found crystals of the tri- 
hydrated salt separated from a n\ethyl alcohol soln. of the pentahydrate after some 
minutes, or immediately on the addition of water, or raising the temp. C, F. Gross 
boiled the pentahydrated sulphate with absolute alcohol, and finally obtained the 
monohydrate. 

J. L. Proust , 0 and G. Barruel obtained anhydrous cupric sulphate, QuS0 4 , by 
heating copper with cone, sulphuric acid in a closed vessel. A. Etard crystallized 
it from a soln. of the pentahydrate in boiling sulphuric acid; and B. Schwalbe, by 
cooling a sat. soln. of the pentahydrate Ui with solid carbon dioxide. C. Poulenc 
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obtained the anhydrous salt by dissolving cupric fluoride in cone. sulphuric acid, 
and evaporating the liquid on a sand-bath. The conditions under which the 
anhydrous sulphate dy&tallizes from sulphuric acid ooln, have been indicated by 

M. Bell and W. C. Taber, Fig. 33, According to P. Lutschmoft, when the penta- 
hydrate is heated to 180°, it loses 4 7GH^O, and all passes oil at SfiO*; F. Krafft 
found all the water is lost from the pentahydrate in vacuo at 2.60° ; and D. W* Horn 
that all the water is expelled by heating the salt in a stream of air dried by cone, 
sulphuric Acid, The dissociation of hydrated cupric sulphate has also been studied 
by W. Hampe, H. Lcscceur, and D. W. Horn and E, E. Taylor. According to 
T. W, Richards, 0 042 per cent, of water is retained by the salt heated to OGb 1 ", and 
he dehydrated it by gradually raising the temp, to 400'\ T. tflobb prepared the 
salt by heating ammonium cupric sulphate, (NIIJjSCVUuSQ^ and also by heating 
a mixture of ammonium sulphate and the pentahydrate in a platinum crucible. 

J* M. Bell and W. 0. Taber have studied the three-component system 
CuO—SQg—H jjO. The equilibrium conditions for cupric sulphate, sulphuric acid, 
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and w T ater at 25 e arc indicated in Table IX and Fig, 33. The punta-, tri- s and moiin- 

hydrated cupric sulphates were the only 
hydrates which appeared to be stable. 
The curve BK approaches the side of 
the triangkj showing that the solubility 
of cupric sulphate is depressed by the 
addition of sulphuric acid; and between 
B and C the lines joining corresponding 
points for soln. and residue all meet at 
the iioint 5, and hence the solid phase 
is the ppntahydrated salt, C'uH0 4 .5H £ 0 ; 
from C to D t the lines meet at the 
point 3, and this represents the trihy- 
drate, CuSO^.Sfl^O ; and from D to E t 

Fra. 33. —Ternary System, CuO— 80<—H,0. tho corresponding lines meat at the 

at 26 s , point I representing the monohydrate, 

CuSOj.IIgO. Only one line was deter¬ 
mined beyond A^and this indicates that*fche solid phase is the anhydrous sulphate. 
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CuS0 4 , There are two solid phases at C, CuSG t .5H a O and CuS(V3H*0. The 
exncit positions of the points and D have not boon definitely determined. 

The solubility curve of a salt, Bay, cupric sulphate, with continually increasing 
amounts of a foreign substance, say, sulphuric acid, will show (i) a varying solu¬ 
bility and constant composition of solid; or <ii) a constant solubility and a varying 
composition of the solid. In the former case, a pure salt is present, and in the 
latter, a mechanical mixture of two salts is present. From the results with copper 
sulphate and water with gradually increasing proportions of sulphuric acid, 
H. W, Foote showed ths^ at 25° the range of stability of the pcntahydxate ia from 
0 to about 47 06 per cent, of sulphuric acid ; of the trihydrato, 50 23 to 54'78 per 
cent, sulphuric acid ; of the monohydrate, 6179 to 85 46 per cent, sulphuric acid ; 
and of the anhydrous salt, upwards from 86 04 per cent, sulphuric acid. At a lower 
temp., 12*, the cone, of sulphuric acid required for the dehydration is rather 
greater. Similar results were obtained by J. Kendall and A. W. Davidson with 
anhydrous sulphuric acid; cupric sulphate is only slightly soluble in this acid, 
forming a colourless soln., which becomes bluish-green when heated to the b.p. 
G, Foma showed that tho blue colour of aq, soln. may be duo to hydrated Co"dons, 
but not these ions themselves. The colour in the heated soln. would then be duo 
to a loss of sulphur trioxide eq. to the addition of water. No acid salts were 
observed. F, Bcrgius made some observations on the solubility of cupric sulphate 
in sulphuric acid, IT M, Goodwin and W. G. Horsch measured the conductivity 
of soln, of cupric sulphate in sulphuric acid. 

In addition to Iho penta-, tri-, and mono-hydrates, T, Graham 7 ftgauinod that dihydrttied 
cupric rtdjiAuta, CuSOi.2H a O, is funned whin the pentahydratc is conlincd in a dry Myjicfi 
for a week at 20°. T, E, Thorpe and 1. 1, Watts Maimed to have made the Hiuno salt by 
mixing a cold sat. soln, oE cupric sulphate with an equal vol. of cone. sulphuric arid. 
M. liertheJot. tho heat of formation from cupric hydroxide as 21 Cals.; J. Thomsen, 
the hent of snTn,* -l-ft'09 Cals,; 'l 1 . H. Thoqjc and J, 1, Wat la* the up. vol,* 07 'U. From hm 
TneaHiiicinurits of tho vap. prcns, T JL Lofleceur concluded that no fluclr compound exists, nor 
do thoHuhihilitymcanurementH ciE J, M. Bcllnnrl W, C. Taber lend any support to T. Graham’s 
assumption, H, Dmt-z and on-workers found evidence of the existence of miwahydrated 
cupric Mtfpfviir t CuSO*0K 3 0, at low temp., and of a transformation into hexahydra&d 
cuprir MilpfMtc, CiitfO* tiH^U, at —20 L 3 fl ; and in his study of the effort of prosit on hydrated 
cupric sulphate* E. Jiinocko found evidence of thu existence of hcmihydtaled aujunc sulphate* 
tIu8<J t ,ifl a O. L. do Jfofcbaudr&ti obtained hrjctihydnUwt cupric xulphdte* CuSO^.GHjO, 
and htiptfiiuftimtwt wtpric sulphate* UuS0 4 .7H 3 0* respectively, J*y adding a small crystal of 
nickel sulphate, NitiltfOHfO, or of forroun sulphate, FeSO,.7J^O. to a supersaturated soln, 
of copper sulphate, Motastablo crystals isomorphous with those salts separated, but soon 
changed into the pentahydratod sail. W, T. Schollur believed tlwt the Californian mineral 
hvotfiifa in the hcptuhydrate. L. do Boisbaudran and J. W. Jtotgcrfi reported tho crystals are 
monoclinic with a : b ; c=l-JG22 : 1 : 15000, and j8« L0"i° 3(V; the hardness ia 2 0 to 2 5* 
and the sp gr,, 2d. T, W- Schaller gives 1-044 at 10°, W. Sturtenbuker says the solubility 
cannot ho determined. I 1 , A, Favrfi and C, A. Valson givo 2’13 Cols, for tho heat of soln. 
of on uq. of tho salt in a litre of water. J, L, And i one’a work on the vop. press, of copper 
sulphate crystals in various stages of hydration* and J. M, Bell and W, C. Tabrr f s work on 
tho solubility of cupric sulphate in sulphuric arid, show that only tho ponta-, tri-, and 
mono-hydrated salts exist under tho conditions of their experimental The h&xahydrato 
is stated by H. Dufet to exist in isomoiphoua mixtures with nickel sulphate. 

The solubility of cupric sulphate in water has been measured by many workers— 
A. J5tard, a T. Gruner and R. Brondea, B, Cohen, J. E, Trevor, L. C. de Coppet, 
G. J, Mulder, etc. The best representative values for the solubility expressed in 
100 grins. of soln, and 100 grins, of water, arc : 
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The eutectic at —2° has 1G'89 per cent, of the anhydrous salt, bo that F, Guthrie’s 
cryohydrate is CuS0 4 -M4H L ,Q ; L. C. ic Coppet gives at —166°, 13'5 gnns. for 
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100 gnus, of water According to A. Etard, the solubility S at B Q referred to the 
anhydrous salt between — 2 U and 105* can be represented by two curves 5=116 
4-0'26140, between -T and 55*; and 5=26'5+0'37000, between 65° and 105°, 
the subsequent decrease in solubility up to 100° is represented by 5=45 0—0 02930, 
4<Jcoiding to E. Cohen, the solubility curve has a break at 56° in consequence of a 
transformation of the salt into 3 CuS0^4Cu(0H) 2 ,8Hj 0. R. Dietz, R. funk, 
J. von Wrcchem, and F. My bus give evidence of the transformation OuSO^&HgO 
^±CuS 04.6H 2 04-flat. sob. at about —203°, E. Janecke also found that in 
addition to the three transition points between the 0-11^0, 1-3H 2 0 about 130° ; 
and the 3-5 hydrate about 100 & ; there is evidence of another hydrate, CuS0 4 .iH a O; 
because, in agreement with K. Friedrich, there are two clearly defined breaks in the 
heating curve of monohydrated cupric sulphate—one at 215° and another at 270*. 
These are inteq>reted to mean that at 215°, 2{CuSO4.H 2 Q)->-2CuS0 iV H li O-|-H 2 O ; 
and at 270 c , 2CuSQ J .H 3 0->2CaS0 4 +H 2 0 T I. Guareschi represents the hemi* 
hydrated salt with the doubled formula; graphically; 


c 0 <^o<°Y 0 > so <«>c» 


H, T. F, Rhodes considers that one water mol, in pentaliydrated cupric sulphate 
differs from the remaining four because when the pentahydrate is treated with 
ammonia, only four mols, of water are displaced. A, Korbs found the solubility 
of different faces of a crystal oLthc pentahydrate in an under-saturated sob. to be 
different. H. C. Sorby measured the influence of press, on the solubility of the salt, 

F. Pfaff measured the influence of a number of salts on the solubility of cupric 
sulphate. R, Engel found that sulphuric acid and ammonium sulphate depress 
the solubility. E. Diacon (studied the influence of magnesium sulphate; W. Stcrteu- 
beker, of zinc and manganese sulphates; F, Rihlorff, of ferrous sulphato—^’de 
infra, J. Keppcl, and (L Maaeol and M. Maldfcs found that with sodium sulphate, 
a double salt, (MO^NasiSCVGHjjO, is formed, J. M r Bell and W. 0, Taber say that 
a sat. sob, of calcium sulphate dissolves as much cupric aulphate as water does, 
R, Engel measured the solubility of the salt in sob, of ammonium sulphate and 
found it to be smaller the more cone, the sob, J. Holmes and P, J, Sagem ami 
found that a smaller expansion occurs on mixing sob, of cupric sulphate and sulphuric 
acid than with the alkali or zinc sulphates and the same acid. 

0. A. L. do Bruyn found that 100 grins, of absolute methyl alcohol dissolves 
1'0E> grim of CuSO* at 18 fl , and 15'G gnus, of the pentahydrate at 18°, and 13 4 grms, 
at 3° ; while 100 grms. of 93G and 50 per cent, methyl alcohol dissolve respectively 
0'93 and 0'40 grm. of the pentahydrate ; and A, Klepf, V. Auger, and P. Iiohland 
have also examined the solubility of cupric sulphate in methyl alcohol. R, de For- 
crand obtained greenish-blue crystals of a double compound, CuS(\.0H 3 OH, by 
ahakbg anhydrous cupric sulphate with absolute methyl alcohol. The homologous 
alcohols do not form similar compounds. 100 grma. of absolute dhyl alcohol at 3° 
dissolve 111 grms. of the pentahydrate, H. Schiff found the solubility in 10, 20, 
and 40 per cent, alcohol at 15° to be respectively IS'3, 3'2, and 0 25 grms. of the 
pentahydrate per 100 grms. of solvent. 100 grins. of glycerol dissolve 30 gnus, of 
the pentahydrate at and, according to F. Guthrie, the sob.' has an emerald- 
green colour. W. F. C. de Coninek found 100 grms. of a sat. soln. of glycol at 14 6° 
has 7‘6 grms. of the pentahydrate. The last-named salt is insoluble in acetone, and 
soluble m the amines, H. D. Gibbs found liquid mdhyfonine forms an intense 
blue insoluble mass with cupric sulphate. A, Lieben found ether is changed In 
contact with cold anhydrous cupric sulphate. W. B. Hbdgktnaon and A. Leahy 
obtained compounds with acetic add and benzoic add ; A. Werner, with amines of 
the fatty acids, pyridine, and piperidine; B. Lachowicz, with quinoline, aniline, 
methyl aniline, and toluidine ; A. Werner, with methyl sulphide. 

Anhydrous cupric sulphate forms colourless transparent crystals* white prisms, 
or a white powder which, according to T. JClobb, consists of fine prismatic needles. 
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The rhombic bipyramidal crystals of anhydrous cupric sulphate (hydrocyanite) 
were found by A. Scacchi & to have the axial ratios a : & : c=0'79G8: 1: Q l 5G50. 
The monohydrate forms a greenish-white crystalline powder; the trihydrate, a 
bluish-white crystalline powder; the crystals from the sulphuric acid &oln, are 
monoclinic, and A. Scacchi found the axis] ratios to be a : & : £=0*4321:1 rO'5523^ 
and /£—25'. The pentahydrate forma ultramarine-blue crystals belonging to 
the triclinic system, and, according to A. E. H. Tutton, thev have the axial ratios 
a : b : c=OT> 715: 1: 0 5575, and a=82° 1G', £=107° 26'* 7=102" 40', G. Boetis 
found that the cry stab frpm rapidly cooled cone. soln, and slowly cooled more dil. 
soln. of cupric sulphate exhibited twinning, S. Meyer found no evidence that a 
magnetic field has any influence on the crystal I bation, M, Kubara studied the 
percussion ligures of crystals of cupric sulphate, W, Spring says that the powdored 
salt under a press, of 6000 atm. forms a homogeneous solid. 

The sulphates of tho vitriol scries form mixed crystals which have been studied 
by J. W. Retgers, W, Stortenbekcr, A. Fock, R. Hollmann, H. W, Foote, etc. 
There arc throe tyj>es of mixed crystals with rifle and cupric sulphates : (i) Mowhk, 
almost colourless crystals with 7H 2 0 ; (ii) Motvodinic, pale blue crystals with 
7H a 0 ; and (iii) Tric/mic, dark blue crystals with 5Ho0. According to W. Storten- 
bekor, at 18°, the limits of the crystal phases are, in mol per cent, of copper, i.e. 
100 mol Cu/(tnol Cu+moL Zn) : j 

RTlombic. MonoclLnic, TrJ^itiSc 

Oyrttsl .... 0 to 1-G7 U-fltoSi'O 82Htu LftO 

Solo.o to a 3n e to 21 n 2J5to 100 


The composition of the soln. in equilibrium with the different kinds of crystals 1 is 
shown in W, Stortcnbeker’e diagram, Fig. 34 ; and the relation between tho copper 



34.—Limiting Range in, Composition oi 3oin. Fio. 35.—Relation betwwn Copper and Zina 
Mixed Crystals of Copper and Zinc Sulphate#, in the Mixed Crystals and in the Soln. 


in the mixed crystals and in the soln, b indicated in Fig. 35, The dotted lines in 
both diagrams represent metastable states. Soln. containing between 21 l 5 and 
100 mob per cent, of copper furtibh triclinie mixed crystals poor in rinc* and 
with further concentration monoelinic crystals appear corresponding with soln. 
containing between 8 36 and 21 + & mob per cent* of copper. Then a mixture of 
monoclinic and rhombic crystals arc formed, and finally soln. with 0 to 8 l 36 per cent, 
of copper givo rhombic cryutab with F, Fig* 35, as the end-point of the crystal¬ 
lization, H* W. Foote has investigated tho effect of variations of temp. At 40*, 
the rhombic heptahydrated crystals, (Cu, ZnjSCVTH^G, pass into the hexahydrated, 
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(Cu, ZnJSO^^H^O. At 45° the monoclinic phase of the heptahydrated crystals 
disappears. R. Hollmann has investigated the vap* press, of these crystals, 

J. W. Retgers and R, Hollmann have likewise investigated mixed crystals 
of cupric and magnesium sulphates and found the composition of the solid phases to 
he: rhombic; 4'25 per cent CuS0 4 .7H 2 0; monoclinic: 340G and 40'13 per cent. 
thiS0 4 ,7H 2 0 ; and triclinic: 95 43 per cent CuS0 4 .&H 2 0* R* Hollmann has 
measured the vap- press. With mixed crystals of cupric and cadmium sulphates t 
J, W* Retgers found mouoclinic crystals with 0*55 parts CuSG4*7H 2 0, and tridinic 
crystals with 98'29 parts CaSQj.SH^O, J. W. Retgers found mixed crystals of cupric 
and ferric sulphates to be monoclinio between the limfta 0 and 5317 per cent. 
CuSO^jH^O, and triclinic between 94 88 and 100 per cent, of CuSO^SH^O. Similar 
results were obtained with mixed crystals of cupric and cohalt sulphates. H. Dufet, 
A, Fcck, and J, W. Retgers have likewise investigated mixed crystals of cupric and 
nickel sulphates. At low temp, there are three series of mixed crystals, rhombic and 
monoclinic with TH^O, and triclinio with 5H*G. Below 33° the nickel sulphate is 
rhombic, NiS0 4 ,7Hs0; above 33°, it is tetragonal, NiS0 4 .6H 2 0; and over 60 & , 
monoclinic, NiS0 4 .6H 2 0. J. W, Retgers, R.. Hollmann, and W. Stortenbeker 
have likewise studied mixed crystals of cupric and rnangancus sulphates. 

The specific gravity of crystals of anhydrous cupric sulphate reported by 
P. I. Bachmetjefi 10 is 3'51G and 0, Pettersson gives 3 83 (18°). Several intermediate 
values have been reported— e$. P. A. Favre and C, A* Yalson gave 3707 (25'3 s ) 
and H. Schroder for the salt dehydrated without fusion, 3 640. The best repre¬ 
sentative value is 3'6—T. E. Thorpe and J. I, Watts found 3 606 at 15°. For the 
monohydra ted salt, the reported values vary from T, E. Thorpe and J. I. Watts’ 
3*289 at 15°, to H, Schroder's 3 038. The best representative value is 320* 
T, E* Thorpe and J. I. Watte give for the trihydrate 2'663 at 15°. The values for 
the pentahyd rated salt range from J. H. ITassenfratz's 2 1943 to F. Riidorff's 2 330, 
The best representative value is 2'27 in agreement with H. Repp's 2 274 and 
P. L BachmetjefTs 2'276. T. E. Thorpe and J. I. Watts give 44'4 for the specific 
volume of the anhydrous salt; 54'3 for the monohydrate; 80 0 for the trihydrate; 
and 109 1 for the pentahydrate* W. W. S. Nicol also gives 1863 22 for the mol. vol, 
of the pentahydrate when U 5 mol is dissolved in 100 mok of water at 20 fl (sp. gr. 
I'04268), G. Carrara and M. G. Levi give 48 81 to 4616 for the mol. vol. of a mol 
in a soln, of G’30 to 100*80 litres of methyl alcohol* ' 

P. A. Favro and C. A. Valson 11 measured the contraction which occurs on 
soln, According to J. G. MacGregor, the volume of the soln. may he smaller than 
that of the water employed, the maximum contraction occurs with soln. containing 
1*34 per cent* CuS0 4 , The sp, gr, D of a soln. of cupric sulphate is equal to the 
sp, gr. of the water at the given temp, plus the product 0 00S8427ic, where w 
denotes the per cent, of anhydrous salt in the soln. H. Schiff found the sp. gr. at 
18° of soln. with u> per cent, of the pentahydrate, CuS0 4 .5H 2 G, and the results are 
indicated in Table X. 

Table X. Specific Ohavitiks or Solutions of P^ntahyotiated Cuphic Sulphate 
at ]& fl (H, Bcaiff). 
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G* Charpy, J* Dekifce, P* A, Favreand C* A. Valson, G. T. Gerlach, J. A. Groshans, 
R. J. Holland, F. Kohlrausch, J. G, MacGregoT, J. C. G* de Morignsc, A. Michel and 
L. Krafft, W, W, J. Nicol, etc,, have al^o determined the sp. gr, of soln. of cupric 
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sulpliatc, According to J5. Irueste, if D and respectively denote the ap. gr. of 
aoliih and of water at 15°, the roue. per grm. of soin. is 0‘95y33(D—DJ 
—lM39Gl(i)—AO* According to J, Thomsen, the win, contains molecules of 
CuS0 4 ,5Hg0 ; R. Luther found the sdn, also contains some cuprous sulphate. 

Kuuowaloff found evidence of the formation of hydrates ; Ih 0. Jones and 
F. Hh Cetman, and A. Colson found signs of polymerization in cone, soln. The 
latter says (CuSO^. A. Kuntzsch attributes the constancy of the colour of the 
a<dn, to the presence of complexes. J. Traubc gives 12 5 for the rnol, sola, vol, of 
a 19T7 per cent. solm, a_id 102 b for a 30 per cent. aolm B. Cohen and A. l5tard 
have also studied tlris subject, S. Lu&sana represented the influence of press, p atm. 
on the temp. B of maximum density of sola, of cupric sulphate, by B— O'OOSSfp—1J 
—O’ 1 4. 

The diffusion coefficient k, in A. Fiek’s equation, was found by J. Schuhmei&ter 13 
to be 0 21 at I0 y fora soln. with 125 grm.-eq. per litre ; and J, Thu vert, ut. 17", found 
for soln, with 1 y&, O DO, and U10 grm.-eq. per litre, respectively 0 25, 0 29, and 0 59. 
Other investigations on this subject have been made by A, Griffiths, 0, ilnmi and 
R. L. Vanzotti, H* de Vrios, J. (1 G. de Marignac, ,‘J. H. Long, cte t The viscosity 
of soln* of cupric sulphate has been determined bv J. Barnes, !S, Arrhenius, and 
J. Wagner. The fatter finds at 25* for AS JA-, |A r -, and ^A-suJn. the rcBperdive 
values rffutfU, ll(jO;i, l’U802, and 1 0584 (water unity). A. J l rummer fount I a 
distinct minimum in lie surface tension, <r, in dynes per cm,, and the capillary 
constant* « 2 sip rum,, of soln. of cupric sulphate at 15% thus : 

rttfct'Di, CnS0 4 o r, jo i2-r* r 5 2j> 

n J .LI 43 14^.0 j;t’4J 12 77 Li-22 13 M 

cr . ■ . 77 I 7< r eJ 71’S 70 S til l 

Cupric sulphate dues not melt when heated. At 99% F. ltinne in found about a 
tenth of the water is lost from the pen tahvtl rate and tin- colour is still dark blue ; 
at 105% about two-fifths of the water is given off, and the colour paler; at J17% 
four-fifths of the water is expelled, and the residue is greenish-white in colour ; and 
all the water is driven olT at 258% 1, Guaresrhi say a that over calcium chloride at 

21 l# -23% the ] fen ta hydrate lows only 2II 2 0 and j 1 asses into the tri hydrate ; at 60° 
it forma the inonohydriitc 4 In air, the pentahydrate is not changed at 40% but 
ioses2lLO at 43” 50% and another 1J 2 0 at 90% and the remaining FLO at 20G°. In 
a current of dry air at 41°-d2% the poiitahydratn Joses 1 5ILO in j hrs. ? and O'AFLA) 
more m another 5 hr&.; there \& no further lows at 0J : '--6U% but at 72% another 
iMrhjO m given off, J, I. Pierre s statement that, tile pentahydrate crystallized above 
25° loses all its water in dry air at 114° is wrong. T. Graham found that the last mofof 
water is lost at 242% but, according to T. W. Kpchurds, sonic water still remains at 
even higher temp., for the anhydrous salt dried at 255” 11 loses about OT7 per cent, 
of its weiglit, when heated to 3b5 0 . , , and a small amount—about (hi2 per cent,- 
is held even at 400%” According to J). IV, Horn and E* 14. Taylor, it is impossible 
to prepare pure anhydrous or monohydrated cupric sulphate he heating the peuta- 
hydrate. The product is brown and the losses m weight are variable even at 220 , 
In every case the purity of the hmil product is affected by secondary reactions 
between the water anti the cupric sulphate, 'rids agrees with A. Naummma 
ufjscrvationa, J, L, lVoust, A. A, B. Bussy, J. L. Gay Lussne, and lh Berthier 
stated that when heated uw roufje novihn\ the anhydrous salt Joses sulphuric anhydride 
ana forma'a basic sulphate; if heated to a still higher temp, sulphur trioxide, or 
sulphur dioxide and oxygen, is given off, and leaves a residue of cupric oxide. 

R, 11, Bradford says that the decomposition begins at (353°, forming a yellow insoluble 
basic sulphate, and that at 720 u it completely decomj>oses to cupric oxide, etc. 

S. U. Pickering denied the formation of a basic sulphate, rather is the product a 
mixture of cupric oxide and undecomposed salt. T. \V. Richards found that no 
acid is lost from anhydrous cupric sulphate heated to 3G5% When the temp, of 
copper sulphate is measured from time*to time while the salt is being heated, 
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arresta in the curve occur at about 34G*, 380°, 500”, and 620°. These critical temp, 
correspond with the points at which the salt begins to decompose, or form the basic 
salts: SCuO.SSftj, and2CuQ.S() 3 , A, Mourlot found that when heated in an electric 
furnace, cupric sulphate is reduced to the metal. Cupric oxide begins to be formed 
about 700 y , 

According to P, I. Bach met] eif, 14 the coefficient of thermal expansion of crystals 
of anhydrous cupric sulphate is UOOOQ245 ; for the crystalline pontahydrata, 
Q'OOOlffc; and the amorphous salt, — 0'0U0G13. C. Fordi gives for the volume of 
a twin. with 0 517 grin. eq. per litre, at 0° when the volume at 0 0l u is unity: 

* ■ 5’09 JUU3 15 03 10-84 WVJ 34-02 3007 

VoL J -000301 11)00894 lU(H7t>9 1002850 1*004280 1-005754 1-007565 1 -000546 

and the expansion cocff. per gnu, eq, (xlU fl ): 

0 n b* r SMO 3 15 d -^ -3H W JHJP-liS* 3&MU 0 

118 IBt) 215 258 302 334 381 410 

P. I, Bachmetjeff gives 0184 for the specific heat of the anhydrous salt 
between 23° and HK) U ; 0 202 for the monohydrate; and 0 285 for the penta- 
hydrate between 1G° and 47°. For soln. of cupric sulphate, CuS0 4 +2UOH 2 0, 
J. Thomsen gives U953, and for CuS0 4 -|-rtH a O frojn 18° to 23 8. Pagliani and 

J. C, G. de Marignac respectively give for *i=50, (I H48 and 0 841; for jt=]O0, 
0 l S98 and 0 908 ; for w-200, 01)50 and 0 951 ; and for 40G, S. Fagliani gives 
Q l 97f>, From 22 & to 03°, J, 0. G, de Marignae gives for h^JK), 100, and 200, respec¬ 
tively 0 8520, 0 9148, and 0 9528. P. Vailhmt, and II. Teudfc have also measured 
the sp. ht, of solm of this salt, S, Pagliani gives 79-|-18(tt“5) for the molecular 
beat for soln. with n mols of water for one mol of CuS0 4 .5H 3 Q, when » ranges 
from 50 to 400 ; and J. C. G. de Marignae's values for soln. with 50,100, and 200 eq. 
of water are respectively 891, 1780, and 3571 between 18 e and 23° ; and 902, 1792, 
and 3082 between 22* and 53°, C, Pape, and W. C. Itonfcgen have measured the 
beat conductivity of the pentahydrated salt. According to the former, the heat 
conductivity ellipsoid has the axial ratios 0 939:0'8G0:1. According to 
H, F. Weber, the heat conductivity of a soln. of &p. gr. lltiO is 0‘00118 aba. units, 
or 95 26 {water 100) ; and G. Jager found that for each per cent, of cupric sulphate, 
in the soln,, the heat conductivity decreases by OOU272. 

According to M. Berthelot, 15 the heat of formation of anhydrous cupric sulphate 
from its elements is (Cu, S, Qj)=-18r7 Cals,; J. Thomsen gives 182 6 Cals., and 
for (Cu, 0 2 , S0 2 ), 11149 Cals, M. Berthelot gives for the heat of formation from 
cupric oxide, 42 6; and from cupric hydroxide, 2Y8 Cals, J, Thomsen gives 
56 216 to 55 960 Cals, for the heat of formation of the pentahydrate in aq, soln. 
(Cu, S, 0 4 , aq.); P. A. Favre from CuO, 9 711 to 9 814 Cals.; J, Thomsen, (CuO, 
SQa, aq.), 18 8 Gals.; and from anhydrous cupric sulphate, 3 41 Cals. (J. Thomsen), 
or 3 34 Gals. (P, C. F. Frowein), L and P. WBhlor and W. Pliiddemann give 
13 cals, for the heat of dissociation of anhydrous cuprie sulphate. According to 
R, Schols, the beat of solution expressed in mean gram-calorics for a coin, of a 
gram of the salt man times normal soln,: 

» 0-125 0 25 0-50 1-0 2-5 

KCuSO«.5H,0) 13’B0 13-38 12-03 ]2«4 IMS 

8. U. Pickering gives 2 465 Cals, for the heat of soln. of the pentahydrate at 15°, 
^2 762 Cals, at 18*; and J, Thomsen for a mol of CuS0 4 in 400 mols of water, 
158 Cals.; and under similar conditions, for Cu3G 4 .H 2 0, 933 Cals.; for 
Cu80 4 ,3H a 0, 2 81 Cals,; and for CuS0 4 .5H 2 0, —2*75 Gals. P. A. Favre gives 
for the heat of soln. of an eq. of salt in £73 cq. of water, —1315 cals,, in the presence 
of 5 eq, of sulphuric acid, —2555 cok, and 1 eq. of that acid, —1998 cals.; and 
with 5 and 1 eq, hydrochloric acid under similar conditions, —4484 and —3106 cals. 
According to J, H. Pollok, if a sat. soln. tit 9 & be diluted with its own voL of water, 
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the temp* rises O'O^-O'OB*; and J, Thomsen found 41 eak. for the heat ol dilation 
of a soln. Cn0O 4 +eOH 2 O to CuSO^-flOOHjjO and 116 cals, for CuS0 4 pOUlI^O to 
CuSO 4 +200H a 0. The heat ol hydration, OuSO^id-J-HA^ =G'47 Gal*.; 

^ Cals,i and OuSO+^j-|-JjH z 0|. ^18'55 Cak. 

According to F, Rudorjf, 1 * the freezing point of ei Hat sola* of cupric sulphate 
is — 2 P . F* Guthrie’s cryohydratn has been previously indicated. The lowering 
of the f.p. when a gram of salt is dissolved in 100 firms. of water was found by 
L. C, do Coppet to be 0 070, and by F. Riidorif, <H)G. r >—the lowering in the former 
ease is 17'5 per mob Thr lowering of the f.p. has been measured by F, M. Raoul t, 
L, Kaliknbcrg, H. Hausrath, etc. H. C, Jones and F, II, Getman and V, J. Chamber* 
and J. G, W* Fraser foond ; 

Mui CiiSO^ j vtJ itre 11-073 0144 0 475 U'ffiW 0 KUU I 

Mid. lowering . 3 33 3-10 J 50 J 45 I 43. I’4& 

There is some evidence of a minimum. S. U. Pickering measured the lowering of 
the f.p. of soln. of cupric sulphate, expressed in mola per litre, and the corresponding 
values calculated from the electrical conductivity agree for soln. up to 0 03 mol per 
litre, but for more cone. soln. the computed values are greater than the observed. 
The values of i calculated from the f.p. data aw lie re indicated : 

Muk CuHOi ' . 0 0003 Q-UU2H 0 0170 0 0553 0165S IV4061 0'7453 

Lowering f.jf. . 0WJ a 0 0000° lM)47fl n 0 1337° 03344° 0 7423 s l'3358 s 

i i 032 10SL 1'472 I 370 1293 1231 120U 

According to T. Griffiths, 17 the bailing paint of a 45 per cent, soln* is 102 2° and, 
according to G, T* GcrJneb, soln, with 213, (!3, and 82 2 per cent, of CuS0 4t boil 
respectively at KJU'iT, 102 5", and Kt4 ,£, 2. The raising of the b.p, of Soln. of cupric 
sulphate have been measured by N, Tarugi and G. Bombardini, and L. Kahlenborg* 
The latter found : 

JHufe CiuSU, |ur to . 0 210 U 4&!> U9EJ9 2 02(i 3’5S3 41J19 

Mol. I'jifo . . . 0 43 0 39 0 37 0 43 0K37 O HIO 

An hydro u* cupric sidphato is very hygroscopic* J, L, Proust 18 noticed that 
au hydro ns cupric sulphate becomes blue when breathed upon, owing to the forma¬ 
tion of the blue hydrate, T. Graham found that the hydration of the anhydrous 
salt raises its temp. 135 g ; and, after 3 days’ exposure to moist air, R. Brandos found 
that the puntohydrated salt is formed* C, F. Gross measured thy rate of formation 
of the pentahydrate in moist air; and P, L Bachmctjefi, the rate of dehydration 
of the pentahydrate. 

The crystals of the pentahydrate were found by 0. Papo to efllorcBce in dry air ; 
this phenomenon will in general occur when the vap. press, of the salt is greater 
than the partial press, of the moisture in the air. H, Lescmur found the dissociation 
proas, for efflorescence at 20 g to be 6U mm. II. Baubigny reported that if the salt 
is crystallised from a feebly acid soln,, it will effloresce more rapidly than if crystal¬ 
lized from a neutral soln, E. Blaalus has studied the corrosion figures produced 
on the crystak by exposure to the atm. When the pentahydrate is confined over 
sulphuric acid, P. Latsrhinoif found it lost two-fifths of its water, and W, Muller* 
ErzW'h, that the finely powdered salt confined over sulphuric acid at 17* scarcely 
loses any water the first day, the relative vap. press, then rises to 0 D4 or 0*05 mm,, 
when it remains constant for a wsek, and about two-fifths of the combined water 
is lost. The vap, press, then falls to 0 002 mm* In a month's time a little more 
than two-fifths of the water remains with the crystak. About 1 66 mol of water 
per mol of CuS0 4 remained after the pentahydrate had been confined in a sealed 
tube for about ten months. The relative vap. press, of the atm. over the 
pentahydrate at 44° is over 0 21, and at 41° not oven 0'25. 

The Vapour pressure determinations <jf H* Lescoeur confirm the existence of 
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the 1, 3, and 5 hydrates, but not the 2 and 4 hydrate. The dissociation press, at 
45° and 78* lur a mol of ( ! uS0| with wILO art 1 : 
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The constant vap. press, correspond with the univa riant systems containing the 
3^5 hydrates and vapour, tlie 1-3 hydrates and vapour, or the 0-1 hydrates and 
vapour. A. Naumann was unable to get constant vup. press. lor definite temp., 
and G. Wiedemann attributed this to adsorbed air and water imprisoned in the 
crystals; A. W, C. Monties has also studied tins question. The vup. press, at 
different temp, are : 
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R. C. F.lYowein has made determinations for the 3-system, which W, Miillor- 
Erzbiu-h believes are rather lew. J. L. Andrea; found thechangesfrom one system, 
to the other an; abrupt. According to W. MuUcr-Brzbach, the dissociation press, 
of the U-llLO system is less than CKJ nun. of mercury; vvit] l tile 1-3 system at 
14'5 fl j the press, is 0 H 19 mm.* and U r B(l utm. at 17 8° ; umL with the 3-5H^O system, 
it is 0 31 rum. at 17T> U . Observations have Ih.tii made bv A. U. bureau, J. R. Part¬ 
ington, ft. K Wilson, A, A. Noyes and L, It. Westbrook) H. Sehnttky, etc. 
Vide 1 9, 11; and for the action of heat on the anhydrous salt, nde basic cupric 
sulphates. 

J, Moser found that the vap. press, of water was lowered 1£ iiim. by this solo, 
of £5 grins, of the pentabydrate in 100 grins, of water at 30 p . J. II. Schuller found 
the lowering of the vap. press, to be proportional bo the quantity of salt dissolved, 
and he found it to be (HJ£2 for one per cent, of salt—the value calculated by 
Helmholtz’s formula is 0'02L£> H, Seotis has examined the effect of surface tension 
on the. phenomenon. 

According bo A. Lavenir, 10 the ifld£x of refraction of cupric sulphate for sodium 
light is a—1 51408, J?-= 1’33G81, y-104345. M. le Blanc gives for the tor responding 
molecular refraction* Ob’33, 3889, and 59114 respectively, (b Chenevoau, and M h 
Blanc have studied the index of refraction of soln, of cupric sulphate ; the latter finds 
fur 5'58, 1GU5, and Iff' 79 per cent. soln. the respective sp. grs. 1 '05874,1 L 1993(3, and 
1T912D, the respective indices of refraction 1 3437(1, I'3li2t50, and R3(>(il3 h and the 
respective molecular refractions £8 39, 28 - 55, and £8 48, The optical mutants 
have ton measured by CJ. RapE, F. Kohlrausch, etc, C, Rape also found the crystals 
of the pentahydrate bo have a negative double refraction. D. Gemev found the 
crystals to be tribolummescent I and R. Gaubert found that the adsorption of 
methylene blue makes them polychroic. The adsorption of radiant energy by 
soln, of cupric sulphate has been studied by R. Detains. The absorption spectra 
have been discussed in connection with cupric chloride. M, Koitcr has investigated 
the absorption ol radium emanation by soln. of cfipric sulphate. 

According to T. Gross, 20 solid anhydrous cupric sulphate conducts the electric 
current, so also docs the solid jjentahydrate. The subject has been studied by 
R h Valllant. A great many observations have been made of the elcctnc&l 
conductivity of atp soln. of cupric sulphate by W. C. D. Whctham, J. G. McGreigoi 
and E* H. Archibald, h\ Kohhrausch, N. Tnrugi and G. Boinbardini, T. C. Fitz¬ 
patrick, J. H. Longj F B. de Lenaizan^nd L. Maury, L. liuhlcjibei^, etc* The 
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following may bo regarded as selected representative values of the eq. conductivity 
A at 0 D and 18°. The oonc, C is in gram-eq* per 1000 grms. of soln.: 
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I\ Sank, F. Kohlraiisnh, and S, Arrhenius have emulated the temperature coefficient 
of the conductivity, Tiio dflgtCffiS Of ionization expressed in percentages in thfi 
above data have been studied by A. Bouzat, W. C. D. Wliethain, iff, Tarugi and 
G. Bombardini, G. N h Lewis and M, Randall, etc. A, A. Noyes and K, G. Falk 
gave O'629 for the degree of ionization o£ 0 01 molar no In., computed from A/A^. : 
G. K Lewis and G. A, Linliart introduced Home* correction terms and obtained 
S. Arrhenius calculated the heat o! ionization to be - lblill cala. at -35°. 
G. Carrara and G. B. Yc&pigmmi calculate the degree of hydrolysis of a JiV-holn. to 
be 0 057 per cent, at 25°. The transport numbers of anioiLs and rations have been 
determined by many observers. 21 H. Jalm found an apparent maximum for the 
anion at 15°; thus, with soln, containing 0 022 per cent, of nipper, the values at 
I"" and 15° are respectively 0 615 and 0 632 ; with 30 per cent, of copper, 0611 at 
0 J and 0 (107 at 50° ; and with 0 73 per cent, of copper, 0 632 at Ifr 1 and fl 622 at 
76° H. Jahn has for the cation at room temp, and soln. with a mol dissolved in 
v litres; 


r . . 4'0H 7-02 12-20 Iri 00 32 00 05 44 04.11 

0 32S 0\m 0-300 0-373 IC37G 0 375 (J-375 

A. Cam petti found the values to increase with riae of temp. J r Dowling and 
K. M, Preston studied the high frequency resistance of glycerol soln. of cupric 
sulphate; ^nd A, Gilmour examined soln. of cupric sulphate in glycerol as a 
source of high resistance of small inductance; and N. JsgarisrhoJT, the polarization 
of sc In of cupric sulphate in the presence of gelatin, gum, and suiroiso. 

S. II. Freeman 22 has studied the production of a current during the evaporation 
of a soln. of cupric sulphate, A. Hollard, and II. M. Goodwin and W. G. Horseli 
measured the conductivity of soln. of cupric sulphate with diffident proportions of 
Hulphuric acid ; J. L. Hoorweg noted that cooling occurs when a current pusses 
from sulphuric acid to cupric .sulphate, and cooling produces a current from the 
acid to the wait, d. T. Barker has measured l he effect o| glycoeol on the Con¬ 
ductivity of soln. of ciifirrc sulphate ; T. C h Fitzpatrick, the effect of alcohol; and 
A. Gilrnonr, the choct of glycerol. The potential difference of copper in soln. 
of cupric sulphate haa been measured by J. von Heppcrger, S. Lussjina. F. Paschtui, 
etc. ; of solm of cupric sulphate and other &o1n. by K. Bichat and R. Blondlot, 
!tf r Pagbani, 11. Bjtgard, A. Hugenbaoh, J, Micsler, etc. C, W. Bennett found that 
in the electrolysis of a soln, of acid copper sulphate, with a rotating cop per cathode, 
the potential drop across the cell, with constant current, increases with the speed of 
rotation, Since the rotation of the electrode would give an efficient stirring of the 
soln., and lessen cone, differences, it might be anticipated that a fall of potential 
would occur. 0. W t Bennett and G O r Brown explained the mcrea&e in the potential 
as an effect of the formation of cuprous ions. As the rotation increases, the stirring 
becomes more efficient, and the cuprous ions an: removed, so that the rate of soln. 
of the copper is increased, ai«l, the voltage is increased. With nitric acid, the 
potential decreases with increasing speed of rotation because the film of nitrous 
add is removed from the copper; this decreases the speed of sobi, of the copper and 
lowers the potential. The decomposition potential of soln. of copper sulphate has 
been studied by J. Moser, C. Truchot, etc,, rifle copper. 

The magnetic susceptibility of anhydrous cupric sulphate has been observed by 
If. W. March 211 to he lO^TxlO -8 mafw units, in agreement with observations bv 
G. Quincke, 0* Liebknucht and A. P.* Wills, S, Meyer, and J t Konigsborger. 
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G. Cheneveau gave for the crystalline salt 6*5xIO“ fl mass unite C, K, Studloy 
also measured this constant for soln, of cupric sulphate, and found lOiD{w/lOO) 
—0 80Z>(1—w/ 100)2, when ttr represents the per cent, of water-free soft in the soln,, 
and D the sp. gr. A. HeydwciUer found the dielectric constant per mol of water of 
crystallization in hydrated cupric sulphate to be G'22, showing that the water is 
profoundly modified in crystals. For the anhydrous salt respectively powdered 
and compact, the values are 2'3G and 1031 ; and for the pentahydrato respectively 
3 41 and 7’fi+ for A=4 78 cm. K. T, Lattey found the clielectric constants of 
MMRV-, 0 00228iV-, and 0'U045fiiV-Koln H to be respectively 75'2 (15 1°), 7S'2 (13 2°), 
and 73 9 (Id 8 D ). 

Ac cording to A, Leighton, the decomposition voltage of a soln, of cupric sulphate 
between platinum electrodes is not appreciably affected when the anode is illumi¬ 
nated with a mercury lamp, but it is increased when the cathode is so illuminated, 
J h A. Arfvedson 2 * found that heated soln. of cupric sulphate is reduced by 
hydrogen ; and L L. Gay LuBsac that it is reduced hy carbon* A 2A r -soln, of 
the salt absorbs carbon dioxide —0 0751 grin. per 75 r.c. of soln. at 15°, and 
720 nun,, but there is no perceptible chemical action. 

According to M. 0. Lca, 2& A, Colson, and R. M. Caven win. of cupric sulphate 
mode with cold air-free water arc feebly acid, for they redden blue litmus, F, Clowes, 
and D. W, Horn and E. K. Taylor say that while a cold win. is acid towards litmus, 
it is practically neutral towards methyl orange ; ft. M, Caven found a dil cold air- 
free soln., which has been boiled, gives a precipitate of basic cupric sulphate, and the 
soln, reacts acid to methyl orange ; on the other hand, a cone. soln. of cupric sulphate 
does not give a precipitate on boiling, nor does such a aoln„ after boiling, affect 
methyl orange. The formation of the basic salt, and the do vein j mien b of acidity to- 
wards methyl orange are no-related ; the one is not produced without the other. The 
phenomena occur only in dil. soln,, and, as shown by D, Tommusi, and E. Divers, 
they are the result of the hydrolysis of cupric sulphate by the mass action of hot 
water. The amount of sulphuric acid produced by hydrolysis in cold soln. is very 
small. J, IL Long has compared the hydrolysis in dil. aq. soln. of cupric sulphate 
and potash alum. The latter alone, in cold soln,, affects the colour of methyl orange. 
After maintaining the. two soln., each mixed with saccharose, for 6 hts, between 
50° and 60 D , during which no basic salt was precipitated, J. H. Long found that 
there was an appreciable reduction with the alum soln., and a barely perceptible 
reduction with the cupric sulphate soln. Hence, it was inferred that only an 
infinitesimal amount of free sulphuric acid is present in soln, of cupric sulphate 
from which no basic salt has been precipitated. E. J. Houston noticed that the 
soln. is green when boiled, and it becomes blue when cold, and a still deeper blue if 
more strongly cooled, J, L, Andrew foil rid that if evaporated in a sealed tube, the 
penta^ and tri-hydrated salts are formed, and if the water be removed, the tri- 
hydrate, and finally the monohydrate, is formed, li. C. Tidiborne also studied the 
dehydration of soln. of rupiin sulphate when heated hi sealed tubes, 

R. Kane found that if hydrogen chloride be parsed over powdered pentahydrated 
cupric sulphate, the gas is absorbed, heat is developed, and over two-fifths of the 
water is set free. When the grass-green product is heated, a brown mass is formed, 
and hydrogen chloride is given off, P. Latschinoff likewise found that when hydro¬ 
gen chloride is passed over pentahydrated cupric sulphate, at room temp., the gas 
is absorbed, forming a product, CuSO^bHjjO.SHCI, and this then breaks down into 
CuS 0 4 ,2H 2 0,2HC1, When air is passed over the latter compound a complex product, 
CuS 0 4 .H 2 0,1HC1, is obtained from which the hydrogen chloride cannot be removed 
by a stream of air, C, Hensgen found that if dry hydrogen chloride be passed over 
the salt, it is completely converted into gTass-green needle-like crystals of cupric 
chloride, CuCla.2H 2 0. According to A. Colson, hydrogen chloride converts tho 
anhydrous sulphate partially into chloride. Pentahydrated cupric sulphate dissolves 
in hydrochloric acid, and the temp, is at the same time loweriid about 17*, forming 
a green liquid. If about two mols of HCt are present per mol of CuS0 4 , crystals of 
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cupric chloride, CuC 1 2 ,2H 2 0, are formed whan the soln. is evaporated and cooled ; 
if the crystals remain in the mother-liquid, crystals of CuS0 4h 5H 2 0 are formed, 
A, B. Prescott found that if a soln. of a gram of the salt with 3 5 c.c, of hydrochloric 
acid of sp. gr, T1S3, be evajKjratcd to dryness on a water-batb, about 3 6 per cent, 
of the copper is converted into cupric chloride. The transformation with the anhv' 
droua sulphate is not complete although brownish-yellow cupric chloride, CuCl 2 , is 
formed. With anhydrous chloride under similar conditions, about two mole of 
hydrogen chloride are absorbed with the evolution of much heat, A dark brown mass 
is formed which loses its hydrogen chloride when heated, or which, on soln. in water 
furnishes crystals of cupric chloride. According to J, Lowe, when a soln. of cupric 
sulphate is treated with zinc and sulphuric acid, some hydrogen sulphide is formed, 
and, according to T. Loykauf, and L. Meyer, copper and basic zinc sulphate are 
precipitated, and zinc sulphate passes into soln. The action of magnesium on soln, 
of cupric sulphate is attended by the precipitation of Cuprous oxide and the evolution 
of hydrogen. The reaction has been studied by F. Clowes, it. M, Oaven, S, Kern, 
A, Commaillc, E. Divers, and D. Vital!. K Clowes showed that the change is not 
duo to an impurity in the copper salt, and Ju i nuggets the reaction, 2Mg-b2Cu$0 4 
+H a O=2MgS044-Cu 3 O4'H£. E, Divers believes that the evolution of hydrogen 
is due to the free sulphuric acid formed by the hydrolysis of tin: cupric sulphate ; 
cuprous sulphate is formed : 2thiS0 4 bMg -CuaSQ^-f-MgSOj, and the cuprous 
sulphate is then converted into cuprous oxide- vide the metallic precipitation of 
copper* K + GriossbaHi studied the action of ammonium and alkali nydroxktes 
and carbonates on soln. of cupric sulphate 

According to A. Vogel,-** and C, J, B, Karsten, a soln, of cupric sulphate forma 
cupric and ammonium sulphates and cupric chloride when treated with ammonium 
Chloride; and, according to J, 11, J. D. Boussingault, an analogous change occurs 
with sodium chloride. 11. Rose,^ A. Joannis, and J. Rihan have studied the action 
of phosphine, C. F, Rammolabcrg found that whim boiled with antimony penta- 
sulphide, a soln. of cupric sulphate furnishes black cupric thumnti inornate, anti- 
monic oxide, and sulphur trioxidc, IL Quant in noted the reduction of a soln, of 
fl’5 gnu. of cupric sulphate per litre by alcoholic ferment, whereby cupric sulphide 
is formed. J, F, Rersoz found glacial acetic acid precipitates the iwntahydrafce, 
CuS 0 4 .5H^0; and L, de Bouquet found that alkali thioearbonfltes give carbon 
disulphide A. Gawalowaky showed that a white precipitate—said to be cuprous 
xtdfiJifitc—l* formed by the action of potassium permanganate on cupric sulphate 
soln. which results in the evolution of oxygeu ; w ith nitric oxide, the white 
precipitate gives copper and cupric sulphate. 

Ordinary cupric sulphate is used as the starting-point in the preparation of many 
compounds of copper ; in dyeing ; in electroplating ; in making galvanic cells ; etc* 
It is also used as an antiseptic, and in making preparations for protecting plants 
from fungoid and other diseases. 
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enchitiisiT, Journ. Pirn. Phys. Chen i. Soc., 20. 585* 1888; A. B. Treaeott, Chan. New#, 30. 170, 
1877 ; JW. G. Levi and M. Veghem, Gazz. ('him. 30. i, 513, I960 ; CL Honagen, tier., 10. 250, 
1877 ; 9, 1671, 1876 ; J, Ixiwc, JJmffitr'a Joum,, 211. 193, 1874 ; T. Lc^kauf r Journ. wmirt. Chem. f 
(1), 19, T24, 1840 : L, Meyer, tier., 9. 512, 1876. 

a * A. VegeL .founts prakt. Chan, [1), 30- 39, 1843; CL J. B, Kuraten, Sckweigger'e Joum., 60, 
255, 7832 ; J. ft. J. D. Bouasingaiilt, Ann. Chim. Phys., (2), 51. 390. 1832, 

17 H. Brine, Paryj. Ann,, 24. 330, 1832; C. B BammelBber^, ib., 62. 241, 1841; A, JfMyrnis, 
Cotnvt, JtmJ. 128. 1322. 1899; .1. Biljan, d>„ 128. 1462, 1899; H r Qnantin, it., 103, 888, 1880; 
,1. b\ lYrmiz, Ann. Chit*. Pfof*., (3J, 20. 435, 1847; L. dc Bouqiiel;, Matiit. StktiL, {3), 12. 994, 
1882 ; A, Gnvr a] on sky, Zett. Dealer, Apofh. Vcr., 43. 377, 1905, 


$ 26, Cupric Ammino-Sulphates. Double Cupric Sulphates 

0, and E. C, Frankliu and C. A. Krau» ftnmd anhydrous cupric sulphate 

to be insoluble in lit|Nid ammonia. According to W, R, Ilod^kineun and C, C, Tn ncli, 
l>oth anbyilroiiH and hydrated cupric sulphate* absorb rnui’b ammonia gas. H. Rose 
iound 53 9? pur ramt. to bu absortwd by the yidiydnoua wait, forming a blue jjowder, 
Accortlrng tn A Limmt, the reat'tion jh at ii™t vurj r vigoroufl and the white salt 
becomuH h\uv .; later, thu absorption is slow, and the reaction continues for Mi brs. 
if the cuprir sulphate (ontains a ]jurceptiblu quantity of iron. Thu product is taken 
t;u bo anhydrous cupric pentammino^sulph&te, Cu(NH 3 ) h1 S04 ; wliich, according to 
A. Jiouzat, ia bust prepared by allowing ammonia gun, thoroughly dried by fused 
Ijotassium hydroxide, to act on cold dry cupric sulphate. According to D. 1. Men- 
duledf, tliu compound gives ofE no ammonia when confined over sulphurie acid, 
but, according to D. W, Horn, it slowly loses ammonia on standing ; for example, 
a specimen lost U l2 mol in (ITj hrs, and T43 mol in ^0G4 hrs. In moist air, water 
replaces the ammonia molecule by molecule, forming, uecording to D. I. Mcudeleeff, 
Cu{NH i ) 4 S0 4 ,H a O J and then Cu(NHa) a S0 4 .3H 2 0 ; and, according to A. Bouzafc, and 
y. Ephraim, it is stable up to 99°, but when heated between 9& & and 141°, it forms 
anhydrous cupric tetrammino-sulphate, CufNHa^StV P, Latachinoff found that 
all the ammonia is expelled at 36G* but about one-fourth of a mol is retained at 
320°, The product melte below 200°, turns black, and as the temp, rises, it appears 
to boiT, and n*ar 4U0 9 begins to decompose, leaving almost pure metallic copper. 
According to H. Rose and A. Bouzat, the product ia soluble in water, forming an 
ultramarine blue soln, which deposits a basic salt when diluted. 

A. Bouzat found that anhydrous cupric tetmnimiilCKStilphate, Cu{NH 3 ) 4 S0 4 , 
indicated above, b obtained by passing ammonia gas over anhydrous cupric sulphate 
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between 90° and lull 0 , and D. W. Horn made it by keeping the ]>entaminina-sulphatc 
in a desiccator over sulphuric acid of «p r gr, 184. The bluish-violet powder is stated 
by A. Bouzat to dissociate into cupric diammino-sulphate, Cu(Nfl^SO*, and 
ammonia when heated over 150° It is soluble in a little water, but more water 
precipitates a basic salt, F. Ephraim found it to be stable up to HT5° + Rotb 
compounds are insoluble in liquid ammonia. 

Cupric sulphate dissolves in an I'xuess of aq. ammonia, forming a deep blue 
liquid, called am ctfexU:, which 1ms been the subject of many investigations. The 
general results show, as C. Inmierwahr found, the simple Cu" cations are to a large 
extent replaced by more complex ones ; and that u complex cupric ammino-sulphate 
ia formed, containing not more than four molecules of ammonia to one of copper. 
A. Key elder showed that the addition of this proportion of ammonia to a sol m of 
cupric sulphate made very little dillercnee to the lowering of the Lp. of the soln,, 
presumably because the complex Cu(NH a ) 4 ti0 4 acts as a molecule like CuS0 4 . 
D. P, Konowaloff found that for each mol of cupric sulphate in diL solm. from 
3 4 to 4 04 mols of ammonia were absorbed awarding to the cone, W. Caus in¬ 
vestigated the lowering of the vap. press of ammoniacal soln, produced by the 
addition of cupric sulphate, and, assuming that ammonia soln. follow Henry’s rule, 
the vap. press, of a normal soln. of ammonia is 13’45 mm., the ratio of the ammonia 
to the copper is given by the equation : 


Lowering of vnp, preai*. 
I3 ; T&[CuJ 


=; Number of innleculca NH a in ucunplex. 


When 0 0491 and(HKJ82 mol of cupper, [Cu], are present in a litre of snlu. the vap. 
press, was lowered 2 49 and 5 02 mm, respectively, liemo, although the cone, of 
copper arc widely different, the two determinations give 3 J 77 and 3’HO mols of NH ;t 
in the complex. W. Onus' results were to a certain extent confirmed by J, Locke and 
l Forssall. The distribution ratio of ammoniacal seln r containing varying quanti¬ 
ties of copper and ammonia between water and chloroform, was compared by 
II r M. Dawson and J. Met-rae with the distribution ratio for ammonia alone. 
Selecting the extreme determinations from their list. 
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The ratio gradually increases as the proportion of ammonia increases, and this Is 
thought to mean that more than one complex is formed. The ratio of copper to 
combined ammonia, in solm with 0 (1235 and 0 0470 mol (hi per litre, was claimed 
by J, Locke and J. Forssall to be satisfactorily constant, and in agreement with the 
assumption that all the copper passes into the complex r.u(NII 3 ) 4 ft04, but II. M, Daw¬ 
son does not agree. The values of the ratio ETH a : Cu were smaller than 4, and this 
was attributed by J.Lockc and L Forssall to the lower solubility of ammonia in 
cupric sulphate soln. than in w'atcr. With sain. above 0 1175 mol pur litre, there is 
evidence of the formation of a higher complex CufNH^SC^ or Gu(NH 3 ) b B 0 4 with 
higher cone, of ammonia. D. W. Horn, however, says that more than 5 mols of 
NH a cannot be added to a mol of CuS0 4 at press, not greater than one atm., and 
between —30° and 20°* , 

H, M. Dawson believes that J, Locke and J. ForssaU's conclusion is ill-founded. 
It was shown that the ratio of combined ammonia to the rapper, for a given cone, 
of coppeT increases with the quantity of ammonia present; and with a fixed pro¬ 
portion of total ammonia to copper, the molecular ratio of combined ammonia to 
metal increases with the absolute cone. This indicates that dissociation phenomena 
are involved. The changes which occur when ammonia is gradually added to a 
soln, of cupric sulphate can bo symbolized: GuS0 4 -h2NH 4 0H=Cu{0H) M 
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+(NH 4 ) 3 S0 4p mid as well as CulMIJJOHJa 

-i-(NH 4 ) a S0 4 ^Cu(NH s ) 4 S04+(^—^2)NH 3 +2H^0 3 where*! is less than 4 and probably 
equal to 2. An ammoniacal soln, of cupric sulphate represents a complex system 
in which copper is present in the form of three different ions : CufNHaV*, CufNHsJ* r . 
and 0u' s in proportions dependent on the cone* of the soby, and the relative pro¬ 
portions of ammonia and copper salt. A. A* Blanchard studied the evidence from 
the viscosity data ; W. Bonsdorff and D. P. Konowaloff, the electrical conductivity 
data ; W. Gang, the vap. press, data ; A. Bouzat, the thermal data ; A. Rey< filer, 
the f.p, data ; and H. M r Dawson and J. McCrae, the partition ooetf. 

A compound of ammonia and cupric sulphate was prepared hy J. A, Sfcisser* 
in I(j 93, and from an analysis hy J, J, Berzelius, it was probably monohydr&ted 
cupric tfttrammin(wsulphate, CufNIi^SC^H.O, A* Eouzat’s opinion is that the 
formula should be Cu(NH s ) 4 HO 4 .liiL0, hut D. W* Horn and E, E. Taylor have 
shown that A. Bouzat is probably wrong and .1. J. Berzelius right, The last-named 
recommended treating an aq. soln. of cupric sulphate with an excess of ammonia 
water and adding alcohol to the purple soln. Jf the alcohol be carefully poured on 
the purple soln,, crystals of the salt .separate at the surface of contact of the two 
liquids ; while if the alcohol be added slowly and mixed with the purple soln. the 
Halt separates in pulverulent crystals. The salt so prepared is very unstable, and 
only small quantities can he dried between filter-paper or on porous tiles without 
considerable decomposition—evidenced by the smell of ammonia.. A* Bmizat 
cooled a hot cone, soln, of the salt, and quickly dried the crystals between filter-paper, 
A. Ma-Llacrb prepared the salt hy the action of ammonia gas on the powdered solid 
pentahydrate, and D. W. Horn and E. E. Taylor found that the product is a mixture 
containing basic salts or cupric oxide. Ik Andre prepared the suit by passing 
ammonia gas into a soln. of cupric sulphate, Pino crystals of the required salt are 
precipitated an the cone, of the ammonia in the soln, increases, I), W, Horn and 
K. E, Taylor, and If. M. Dawson recommend this process. The crystals arc dried 
over lime. The product 40uU.5S0 4 .lGNH 3 , obtained by S. U, Pickering hy adding 
&q, ammonia to an almost sat* nobu of cupric sulphate until the precipitate first 
formed had almost ^dissolved, and allowing the soln to stand for some time. 
This is probably the tetrammino-salt contaminated with cupric and ammonium 
su Iphafces, 

Monohyd rated cupric tetrammi no-sulphate forms dark ultramarine blue pris¬ 
matic or needle-like crystals, which arc rhombic bipyramids possessing, according to 
J* C. (f. dc Marignac, and A. Johnson, the axial ratios u: 6 ; c=0’5Elf*3 :1 : 0’8tf‘J3* 
A. Johnson found the sp. gr. to bo 1'8L According to D. W. Horn and E, K. Taylor, 
the dry salt has no smell, and it is stable when kept over lime in a dosed vessel; 
hut not bo in vacuo, or when kept over sulphuric acid, phosphorus pentnxide, or 
calcium chloride. It loses ammonia in moist air, and forms a green powder, which, 
according to 0. B, Kuhn, is a mixture of ammonium sulphate and basic cupric 
sulphate CuS0 4 *3CuQ. H. M. Dawson and .). McCrae found the compound is not 
much affected by temp, up to 30°, L. Sabbatnim said that between 100° and 12o* 
the compound loses all its water and half its Eimmoniu. According to R, Kane, 
whim heated to a temp, net exceeding H9 l \ it forms an a]) pic-green powder which, 
when analyzed, led him to say : “ By the first action of heat ail the water and half 
the ammonia is driven off, and the green residue consists of copper sulphate united 
with one equivalent of ammonia, ... I have tried to separate the water, without 
less of ammonia by the most careful management of the flame, but could not,” 
He added that when the tempos raised te 2P5 J half the remaining ammonia is 
expelled, and at 260° all the ammonia ia given off, leaving anhydrous cupric sulphate. 
If the powder be suddenly heated, J, J, Berzelius said that ammonium sulphite, 
and R. Kane that ammonium sulphate is given off, leaving a residue of cuprous 
oxide and cupric sulphate* In opposition to R. Kane, and L* Sabbatani, 
D. W. Horn and E. E, Taylor found that when monohydrated cupric tetraniminn- 
sulphate is heated in dry air at lOO 0 ,*!^ 0 , 14& c , 203°, and no definite 
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compound) but rather a mixed product is obtained) a result ifhich is character¬ 
istic of salts containing copper sulphate combined with water, for such salts cannot 
change without secondary reactions between the water and copper sulphate. In 
illustration, they found it impossible to prepare pure monohydrated or anhydrous 
cupric sulphate by heating the pentahydrate in air; and the mixed product 
obtained with monohydrated cupric tctrammino^sulphatG at 260° is brown, and 
not, as R. Konc stated, anhydrous cupric sulphate. If mono- or di-ammino- 
aulphate is formed at all it is mixed with other products. R Eosenbohm found 
the magnetic susceptibility of the ammino-sulphato to be +5 71X 10 _<J voh nnita, 
and +14U3xlQ -e mass units, * 

The solubility of monohydrated cupric tetrammino-sulphate, according to D. W. 
Horn and E, E. Taylor, is 13'05 grins, of salt per 100 grins. of solvent between 
21° and 22 & . The salt is decomposed by water with the partial separation of 
ammonia. This decomposition js probably an hydrolysis, and proceeds as far as 
the formation and precipitation of basic salts. These changes occur even with 
an excess of ammonia, and extend over a long period of time. They are hastened 
by the removal of ammonia, and by great dilution, The salt gives a dear soln. 
when water is poured gradually upon it, but if the addition of water is continued, 
a permanent precipitate is formed at about O + 0G to GU4-moIar cone. When 
a soln. of the salt is dropped into water, a permanent precipitate is formed at 
once. A p-molar soln., after standing a couple of days in a tightly closed vessel, 
begins to deposit a crystalline blue solid; this continues for weeks." According to 
G. Andri, if the salt is heated with teu times its weight of water for 5 hrs, at 200° in 
a sealed tube, small crystals of cupric oxide collect on the walls of the tube ; similar 
crystals are formed in small quantities when a soln. of cupric sulphate in at), 
ammonia is evaporated in air. A+N-soln, of Cu{NH 3 ) i 1 S04 .Hj J G behaves differently 
from a soln. of the same Done, made by adding the calculated quantify of ammonia 
to a ^N-soln. of copper sulphate. H. 51. Dawson found no evidence of this ; and 

D. W. Horn added that a soln,, made by adding ammonia to copper sulphate 
soln,, which has a cone, jVN- with respect to copper sulphate and 01N- with respect 
to ammonia, may be left in a stoppered bottle for a year without visible change. 
If, however, a soln. of the salt CuSO^ANHj.H^O of tone. -^N- with respect to copper, 
is kept under the same conditions, a blue, crystalline substance is gradually deposited, 
although the dry salt is very stable. This change begins directly the salt is dissolved 
and continues for some time, crystals becoming visible in about thirty-two hours. 
The crystalline substance has the composition dCuORQ^SfNH^JJLO. On 
adding alcohol to the clear soln. from which the basic salt had separated, a compound 
was obtained to lilac-blue needles which had the composition of ordinary cuprum- 
monium sulphate, CuSQ4.4NH3.HaO. The changes occurring arc expressed by the 
equations: 36(CuS0 4 .4NH a .H E 0} + HgO^12CuO.3S0^NHg.l3H 2 O + 24(CuS0 4 . 
4NH4 .H s O) (precipitated by alcohol)+9(NH 4 ) a S0 4 +22NH a . These results show 
that the behaviour of a freshly prepared -^-N-soIn. of cuprammoniutn sulphate 
differs from that of a soln. of the same strength prepared from copper sulphate and 
ammonia. 

Y. Schwarzenbach 8 says that an explosion occurs when alcohol is poured over an 
intimate mixture of a mol of the salt with seven gram-atoms of iodine. When 
alcohol is added to a hot soln. of the totrammtoo-salt, the precipitate is not a diam- 
mino-compound, but rather is the product a mixture of ammonium sulphate, etc. 

E. Sommerfeldt, and A. Johnsen have also studied this reaction. According to 
G. Andre, the salt is insoluble in cone. aq. ammonto, bub it becomes more and more 
soluble as the cone, of the ammonia decreases. A, Bouxat found that when am¬ 
monia is passed into soln. of the salt cooled to —15°, higher compounds are not 
formed, while H, H, Dawson and J, McGrae say that more ammonia is taken up by 
the salt at low than at high temp. P. Latechinoff stated that in an atm. of dry 
ammonia, the molecule of water in CufNHg^SO^.HgO is'replaced by a molecule of 
ammonia; D. W. Horn and B. E, Taylor say that the salt takes up ammonia when 
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confined over sticks of potassium hydroxide and a little ammonia water in a desic¬ 
cator. The ammonia displaced part of the water, but “ the reaction is not a dean 
one, resulting in the formation of CufNHsJjSO*, but one giving rise to mixed products 
containing basic salt* or cupric oxide.” 

According to A. Destrem, zinc precipitates copper from the aq. sola, of the salt; 
and, according to N, W- Fischer, cadmium and lead precipitate copper slowly and 
imperfectly; arsenic forms copper arsmiite; while antimony, bismuth, tin, and 
iron have no action. H, Setoff could not make double salts with the ammino-salta 


of copper. 

T. Klobb 4 prepared amm onium triaalphato-cuprate, or ammonium dicupric 
stalpkate, (NDUaSCySCuSO*, by melting pentahydratod cupric sulphate with 
three times ita weight of ammonium sulphate at about . It forms pale 

green transparent prismatic crystals of sp, gr. 2 SO; is soluble in water; almost 
insoluble in alcohol at 90°, hut slowly colours the latter solvent blue. The crystals 
soon become blue and opaque on exposure to air and about 42 per cent, of water is 
absorbed. Dissociation commences at ordinary temp, in vacuo, for the salt loses 
Y^th of its weight in 24 hrs. The salt shows signs of melting at about 200* ; and 
at 350°, it decomposes, leaving a residue of cupric sulphate. D. M. Torrance and 
N. Knight found evidence of the dissociation of the complex into its component 
salts, when the diffusion of aq. soln. is measured. 

Cupric sulphate unites with the sulphates of potassium, rubidium, caesium, or 
with ammonium, forming a group of double salts, CuSO 4 .R a SO 4r 0H l! O J which form 
pale blue monoclinic prisms. The 
double sodium salt is not isomorphous 
with ita series. F, A. H. Schreine- 
makers studied the ternary system, 

CuS0 4 -(NH 4 ) 2 S0 4 —II a O, at 30°, and 
his results are indicated in Fig. 3G. 

With the regular conventions, the curve 
BO represents the solubility with the 
solid phase CuSCV&fijQ; CA',with the 
solid phase CuSO^NH^SO^GBsO; 
and AT, with the solid phase (NH^SO*. 

There are no other double salts stable 
in the soln. at this temp. J. J. Ber¬ 
zelius, F. Barehot, etc., prepared ammo- 
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ninm di&ulphat(M?upr&t6 or ammonium p ]0 ^—Equilibrium Curve* in the Ternary 
cupric sulphate, (N H 4 ) 2 S0 4 .CuS0 4 . 6H a O, Sy Stum, CuS0 4 —tNH t ) a S0 4 — H ,0, at 3 0 D . 

by crystallization from coin. of equi- 

molecular parts of the component salts ; A, Vogel obtained it from a mixed sob. of 
ammonium chloride and cupric sulphate ; and A* Bouzut, from the soln. obtained by 
treating cupric tetrauimino-sulphate with sulphuric acid. The pale blue monoclmic 
prisms were found by W. H. Miller to have the axial ratios a: b : c^Q'7433:1:04338* 
and j3=10G° 6'* According to E. Mifcscherlich, the crystals are isomorphous with 
the (corresponding magnesium aalt, and with many other salts with the alkali and 
heavy metals in place of ammonium. H. Kopp’s value for the sp. gr + is 1757 ; 
J. P t Joule and L + Playfair's, l + 894 at 3 9°; and H, Schiff’s, 1-931. According to 
H. SchrGder, the anhydrous salt has a sp. gr. 2'348, W. Beetz found the heat 
conductivity of aq, soln. sp. gr. 1‘08G to be about 16 times that of water. P. A. Favre 
found the heat of soln, of an cq. of the salt at 81° in 71 eq. of water to bo 5203 cals. ; 
in 77 eq., 5441 cols.; and in 4t>4 eq., 5622 cals. P. A. Favre and C. A. Valson found 
the heat of soln, of the single salt to be 2191 cals. A. Bouzat gives 9 85 Cals, for 
the hsat of soln. of the anhydrous salt at 14°, 

According to A. Vogel, the crystals effloresce in dry air ^according to H. Rheineck, 
and A* Bouzat, they lose about 27*5 per rant of water at 120* or 130°, and become 
white. At a higher‘temp. the crystals become green and melt, giving off water and 
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ammonium sulphate. H h Rheineck found that during calcination at a low temp, the 
salt lost 301 per cent, weight, and gave a residue of cupric sulphate, X H Kliiss 
found cuprous oxide was formed at a higher temp. A. Vogel found that 100 parts 
of boiling water dissolve GG 7 parts of the salt, most of which separates out on 
cooling. H. C. Jones and B. P« Caldwell observed that the salt is not all disso¬ 
ciated in aq. soln. oven when the cone, is less than O'UUUSiV-; It. Engel found that 
a sat. solm of ammonium sulphate at 0 ° can remain in contact with the double 
salt without acquiring more than a scarcely appreciable blue coloration. 

Anhydrous copper sulphate and hydroxy la mine, NH^OU, in methyl alcohol sob. 
at-10 J ,f urnieh j jale green cryrtabof Cupric hstfroxylamine sulphate, CuS0 4 . N1LOH, 
when the copper sulphate is in excess; and cupric dihytatylanww sulphate, 
CuSQ 4 . 2 NH z OJL when the hydroxyl amine is in excess, and if in very large exem 
violet crystals of cupric pentahjdraxylamine sulphate, CuS0 4 .5NtL0H. The 
latter conqjound is not very stable; the others are stable when dry or in water, 
alcohol, or ether at 0 °. When warmed with water containing a drop of alkali 
cuprous oxide is precipitated, (hipricj hydroxide and hydroxy famine sulphate, 
or a cold aq. soli). of hydroxy lam me with CuSO^NH^OH, furnishes the basic salt 
Cu i ;0S0 4 .2NHot)H. T, Curtins and F. S hrader prepared pale blue prismatic' or 
tabular cry stals of cupric hydrazine sulphate, C , uS 0 4 .{N^H i ) i S 0 . iJ from a mixed 
soln. of the component sails. A litre of water at 1 G 0 dissolves 0871 grin, of the 
salt. They arc decomposed with tin; evolution of gas by cone. nitric acid, hot 
cone. sulphuric acid, sodium hydroxide, anduq. amiinum. 

C. F. Rammulsbcrg n believed that lithium suIphatO-Cuprate does not exist. 
F, A, H, Schreincmakerfl las studied the behaviour of the quaternary system, 
Cu$0 4 —LLS0 4 —(NH 4 ) £ S0 4 .H z 0, at 30“. F. A. II. Schreineoinkers' study of the 
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ternary system, (]uS 0 4 “-IAS 0 4 —I AO, 
at 30°, also confirms this. As illustrated 
in the diagram, the curve AB represents 
the solubility of pentahydrated cupric 
sulphate, and /iGof the hydrated lithium 
sulphate, LLSD 4 .H 2 0. No double salt 
appears. In addition to the three 
sulphates just Indicated, them arc two 
solid complexes involved in the equi¬ 
libria, hfjxobydrated ammonium disul- 
ph ato-cuprate, (NIDji.SO 4 .Cu S0 4 . GH £ 0, 
and ammonium sulphato - Jitiiiate, 

* (MI,) 8 80,.U.S0 4 . 

The mineral krohnkite occurs in Tlo- 


F10. S 7 .-EquHibnum Curves of the Ternary llV]a Per *b° jtfl composition corre- 
Syatoin, Ll 8 S0 4 —CuiSO* - lf|Q, at HO*. spends with Na 2 S0 4 .Cuy0 4 .j!H 2 0 f or 

dihydrated sodium disulphato-cuprate, 
or sodium cup & sulphafe, T. Graham 7 crystallized this salt from solm of the com¬ 
ponent salts. Ho said that like other double salts of sodium sulphate it cannot be 
formed directly because it is decomposed by water, and this even when it is attempted 
to form it by double decomposition from sodium hydrosulphate; in gene nil, a large 
quantity of the components are separately deposited before the double salt appears, 
The range of stability of the salt in sob), of different composition is indicated in 
Table X. F. Riidorif, and G. Massol and M. Mald&s made a few measurements of 
the solubility of cupric and sodium sulphates in water ; and J r Kopp+d’s results for 
the mol. proportions of Cu#0 4 and of Na^St^ in 100 mols of water at different temp, 
are indicated in Table XL H. W. Foote also studied the ternary system, Nu^SO^ 
—CuS0 4 —H a 0, at 12° and 25 D , and at the lower temp, he found but one univariant 
system when the two single salts are present; at the higher temp., he found two 
univariant systems with solid phases double salt and cupric sulphate, and double 
salt and sodium sulphate. • 
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H. W. Foote 1ms also investigated the quaternary system, Na 2 S0 4 —CuS0 4 
—H 2 SG 4 —H 2 0, at 12° and at 2D*, but found no other double salts than those here 
indicated. A. Maasink studied the ternary system, No^SO^^CuSOj^H^O, at 20* 
and 35 s , and found the region of stability of the doublo salt, NaaCujSOJ^HaO* 
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Thu salt forms pale turquoise-blue crystals in octahedral prisms, or needles* 
They belong to the monoclinic system, and, according to L. Darapsky, and & Falaehe 
and C. H. Warren, the axial ratios are a : 6 : c=0'44G3 :1: 0 4353, and J3=107 c 19'. 
L. Darapsky gives 3 for the hardness and 2001 (4°) for the sp* gr. of the mineral* 
J. Koppel found that the salt loses no water at 100°, but after some hours at 160°, 
it becomes green and anhydrous. The anhydride again takes up water with the 
development of much heat* The salt melts below a red heat without decomposition, 
forming a dark green liquid; it loses sulphur trioxide at a red heat. C. Falache 
and C. H, Warren found kro/mkito loses most of its water at 150*, and the rest at 
350*. T. Graham found the salt deliquesces slowly in air, and is decomposed into 
its component salts by water. P* Rohland gives 21 & for the transition point: 
CuSOiJjIlsO-J-N^SOiJOHoa^NaaCutSO^aHaO-biaHaO; and J. Koppel gives 
lb’7*, and he adds that 17 7° is the lowest temp, at which the pure double salt is 
stable in contact with the soln. 0. Falache and C. H. Warren considered the 
emerald-green nmnoclinic pyramidal crystals of mttockidc.ilv to be a basic sodium 
kydrtwy-wl photo-cupratc, Na^SQi.CutOHjjj SCuJSO^.SH^O. This mineral has the 
axial ratios a : b : c—1 423 :1:1 214, and 42 5'; the hardness is 4 5, and 

the sp. gr. 2’33. It loses water slowly at 150°, and between 1150° and 520° it decom¬ 
poses, giving off sulphur trioxide. It is sparingly soluble in water, easily soluble 
in acids. 

T. Graham 0 found potassium disulptaato-cuprate, K»SO 4 .CiiSO 4 .0H,,O, to be 
formed by crystallization from a soln. of cupric sulphate and potassium sulphate or 
hydrosulphate in equmiolecular proportions. R< Bottgcr, and J* I* Pierre also 
obtained this salt by crystallization from a soln* of cupric oxide or carbonate in an 
aq. soln. of potassium hydroxide. A. E r H* Tutton obtained the best crystals by the 
slow evaporation of soln, containing the two constituent sulphates in equi-molccular 
proportions, J, K. Trevor added a crystal of one component to a sat* soln* of the 
double salt, and the latter separated out until the soln. was in equilibrium. 
J. I* Pierre believed the salt was a heptahydrato, not a hexahydrate. D, M. Torrance 
and N. Knight found evidence of the dissociation of the complex salt in aq. soln* 
into its component salts, when the diffusion coeff. was measured* Crystals of hexa- 
hydrated rubidium dtailph&to-auprate, Rb £ Chi(S0 4 )2.6H t 0 f are obtained in a 
similar manner and more readily than is the case with the potassium salt. The 
crystals of hexahydrated cerium disitiphatowiiiprat*, C%Cu(80 4 )2.6H 2 0, wore even 
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more readily obtained than the rubidium ealt. G. Brugelmami obtained the 
potassium salt by crystallization from mixed cold sat. soln. of potassium dichromate 
and cupric sulphate. A. Scacchi found hexahydrated potassium disulphato-cuprata 
in the lava of Vesuvius, and he called it cyanockroite. 

According to A. E, H, Tutton, the light greenish-blue crystals of all three salts arc 
isomoiphous and crystallize in the monochnic system ; the habit of the potassium 
salt is more or less tabular, that of the rubidium salt is tabular or prismatic; 
and that of the c&sium salt is more or less pyramidal. The axial ratios of the potas¬ 
sium salt arc a : b: c—0 7490:1 : 05088, with 0—75“* S3'; those of the rubidium 
salt, a : 6: c =07490 :1 :0 5029 5 with j&=*74 c 42'; and those of the c&sium salt, 
a : b : c=G7429; 1: 04946, with 73 5 50'. According to E, Mitsckerlieh, the 
oystalg are also isomorphous with those of the corresponding ammonium 
magnesium salt, (NHJsSO^MgSCVGH^OH The reported values of the sp, gr, of 
the potassium salt “by H. Kopp, H. Sehiff, P, A, Favre and C, A. Valson, 
J. P, Joule and L, Playfair, and H, Schroder—vary from 2 ±37 to 2 224. 
A. E, H, Tutton’s value 2 2239 (20 o /4°) is probably the best representative 
value. F. L. Perrot’s value for the sp, gr, of the rubidium salt is 2 58 (ID 0 ), 
A. E, H. Tuttorfs value 25699 (2074°); and the latter gives 2 8540 (20 & /47 for 
the caesium salt, A* E, H. Tutton’s values for the mol. volume of potassium 
disulphato-cuprate is 199 4; of the rubidium salt, 207 9; and of the caesium salt, 
219 3. According to T. Graham, the potassium salt loses nearly half its water 
of crystallization when heated to 100° in air; at a higher temp., T, Graham, 
E. Bottger, and J, I. Pierre found the anhydrous salt as a pair* green almost 
colourless powder, which was observed by F. C. Vogel to lose some acid when 
melted. S. U. Pickering says: 

When boated at 100*, this hydrated salt parV-d qmr.kly with the whole of iU water, 
leaving the anhydrous salt in the form of a blue powder oa dark in colour an the hydrated 
substance itself: when, however, thin blue salt wa* heated to a temp, of ]G0°-200°, it was 
found to lose itu colour and become white, or very nearly white ; this white in edification 
in ita turn underwent a change when the tump, was further raised to about 3 00 5 or 400 ^ 
and became again bluo or hluiflh-grcen, This third modification lemaiiied apparently 
unchanged by any additional increment of temp, till the m.p, of the null woe reaeh^l at a 
low red boat. The melton salt forms an opaque green liquid, which hwlidihott to form a 
glassy mass ; aa soon, however, os tho temp, falls sufficiently low, thin glims crumbles into 
an opaque blue powder resembling in every reflect tho blue modification obtfitnod at 409°. 

S. U. Pickering adds that at 18‘25°, the heat of the formation of the a-salt 
ie K a S0 4 -|-CuS0 4 —a K^CufSO^g “ 571 cals, (endothermal); similarly for the 
j3-salt, 2649 cals, (exothermal ); and for the y-ealt, 731 cola, (uxotliermal), The 
heat of transformation of the a- to the j^salt la 3220 cals, (exothermal), and of tho 
ft- to the y-salt, “1918 cals, (endothermal), According to P, A, Favro, the sp, gr. 
of the anhydrous salt is 2 784 (20 5°), and, according to H. Schroder, the salt which 
has been melted, solidified, and ground, has a ep, gr, 3 754 to 2789. The anhydrous 
salt in moist air becomes blue. 

The three alkali copper sulphates are readily soluble in water, F, S. Locke gives 
for the solubility of the potassium salt in a litre of water at£5°, 116 &grms. or0 b 354 
mol, of the anhydrous salt; the corresponding numbers for the rubidium salt are 
102 8 grms* or 0 241 mol; and for the cesium salt, 460 0 gnus, or 0 882 mol, 
P. A. Favre and C, A, Valson give l'0713 (20'3°) ior tlie gr. of a normal sola, of the 
potassium salt; and the contraction in the joint vol of the solvent and the anhy¬ 
drous salt is 18‘5 c,c. per litre; and of the hydratfid salt, 61 c.c, F. M t Raoulfc gives 
for the mol lowering of the f.p. of the soln., ±58. T, Griffiths gives 102'8° for the 
b.p + of a 40 per cent. soln. According to J, Thomsen, the heat of formation, CuS0 4 
'fKgSO^CuKj(SO^) 2 ±20 Gals, j and CuSQj'I'K^SO^'f-CHgO=CuKj(80^) ^ GH^O 
-j-22 99 Cals. 8. U. Pickering gives 9709 cals, for the heat of soln, of a mol of the 
a-salt at 18'25 5 in 800 mols of water; 6489 cals, for tho jS-aalt ; and 8407 cals, for 
the y-wlt. The respective mol sp. hte. of th£ a- } ft-, and y-soln. are 560211 51 240, 
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and 58'73JS, The heat of sob, of the hexahydrated salt at IS* is —13738 cak, and 
for the anhydrous salt, 9709 cals. P, A, Favre and 0. A, Valson obtained rather 
lower values. 8. U. Pickering found the heat of hydration for each mol of water 
to be 2330 cak., and J. Thomson gives for the heat of soln. of K 2 Cu(S0 4 ) 2 with 
hH 2 0 : 


H 0 1 2 3 4 5 6 

Cola, . +0396 +4102 +1210 -4205 -7107 -10460 -13570 

DifT. . 0294 5312 3085 2902 3263 3110 


so that if the results be plotted there is a break for n=?2, corresponding with a 
possible dihydrated salt, K 2 Cu(S0 4 ) 2 .2H 3 0. 

A. E. H. Tutton’s mean values for the indices of refraction of the potassium, 
rubidium, and cuesium salts for the different rays are : 
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The mol: refractions of the hexakydrated potassium disulphato-cup rates are re¬ 
spectively 97 29, 102'54, and 111 SO. The specific rofraetions and specific disper¬ 
sions, by Lorenz and Lorentz’s formula, are : 
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According to K Rieger, a part of the copper is present in the soln. as a complex: 
salt, which, according to J, H. van der Waak, is dissociated into its component 
pimple salts, and J. E, Trevor found that the potassium salt diffused more rapidly 
through a dialyzer than the cupric salt. E, Rieger found the specific electrical 
conductivity of aq. soln. at 18* to be 515 XlO -4 for 0 291 mol of the salt per litre ; 
and 378x10“ 11 for (rl91 mol of the salt per litre. J. TrdUch has also measured the 
conductivity of soln. of the potassium salt. The transport numbers of the potassium 
salt were measured by J. F, Daniell and W. A. Miller, and M. Rieger. 

H. Schiff believed that he had made amumdum potftsxium distflphato-cufTtUc! 
K(NH 4 )S04,CuS 0 4 6H 2 0 ; and E. Sommerfeldt obtained a bluish-green product 
by adding ammonia to a mixed soln. of potassium and cupric sulphates, which 
is probably mixed crystals of potassium sulphate with cupric tetrammino-sulphate. 
According to T. Graham and U, Brunner, when the aq. soln. of potassium disulpbato- 
cuprate is heated between 60* and 100*, a pale green crystalline inhydroled ‘potassium 
hydroxy-tdm&ulphato^upTtit, K 2 SO 4+ Cu(OH) 2 .30uSO 4 ,3H 2 O, separates out, and is 
not again dissolved, J. F. Persoz and F, Reindel say different basic cupric sulphates 
are formed when a soln, of potassium diaulphato-cuprate is repeatedly boiled—the 
former says 3 CnO.SO 3 . 2 HgO ; the Jatter, 7Cu0.2S(^.7H a 0. F, L. Parrot says that 
no basic salt is formed if the rubidium salt is boiled with water. 


RnrritKWCBs. 

1 W. R. HodgkicBiiQ and CL CL Trench, CAem. tfeuw, 66. 223, 1892; G. Gore, Proc. Boy. Soc., 
21. 210, 1873: ETC. Franklin and Cl A. Kraiu, Auk r, Chm. Jwttn., 20. 527, 1898; J. Locke 
■nd J. Forafldl, ib>, 31. 268, 1904; D.W.Hom, ibH SA 476, 1007; A* Reyohkr. 



INORGANIC AND THEORETICAL CSEMISTRY 


(3), 11387, \m; D, P. Koniwolaff, Joum. Mutt, Pky A , Ohm. Sot,, 8t 010,3890; H, M. Dawa&n 
atid J. McCrue, Journ. Chan, Soc, t 77. 1239,1000; 72 1073, 1901; E*M. Dawson, ib., 82 1668, 
1900; W. Gans, Zrit.tuiofy Chm.* 25, 259* 1900; C. Immerwahr, ib., 24. 209, 1900; W. Bona- 
dorff, i4. p 41. 103, RKG; A, Ah Blanchard, Joutn. Amcr, Ch& il Hoc,, 21 1315* 1904; A. Bonxat, 
Ann. Chim. Pfo/*., (7J t 21 372, 1003; Com}*, Bend., 134- t2lfc, 1902; H, Baubigny* ib.* 104. 
1610, 1887; F. Fibster and F. Blankcnborg, Jfcr,, 39. 4428, 190(1; J. Mcl-kiwaU* Cnem, Nem t 
SB. 229, 1904; H. Ruse, payrj. Ann., 20. 150, 1830; D. W, Hum, Amr, Chem. Joum.* SQL 194, 
1908; )L L Mordeltetf* Ber. f 3. 422* 1870; F. Ephraim* ib., 62. 940, 1919; R Latsehinofl* 
Joitrn, Bum/. Pkyt. Che.m. Sac. , 20. 585, 1888; C, Oaathdaz* Mount. Scitnt., (4), 1, 874* 1887* 

“ J. A. Ht-isscr* Aetoruw iabvmtvrii chcmici, Holmatadii, J0 l J3; hJ. J. Berzelius, (iUherl's Attft** 
40. m, 1812; A. Bnuzat;, Ann. Vitim. Phtp. 7 {!), 29. 305, 1903; R. Kane, ib, f (2), 72*205, 1839; 
D. W. Horn and E, R Taylor, A hut* Chan. Jourtt., 32.353* 1904 ;A>. W. Horn, d>., 32 483, 1007 ; 
J* C. G. do Marignae, Ann. Mines, (5), 9- 20. 1850: A Mallacrt, Jotirtt. pltarm., 4. 217, 1848; 

G. Andre, Cvmpt. Betid,, 10Q- 1138, 1885; H AL Dawson, Joitrn. Cheat, Soc. T 89, UHIG, 1900; 

H. M. Daw&un and 4. MoCrae, ib.* 79. 4fKi, (001; B. U, Pickering, Cheat, News, 47. 277, 1883; 

A. Jnlmscn, Nau-n Jahrb. Min.* ii, 120, 1903; O* B. Kiihti, AYfrtiWjfl/erV Journ,, 60- 343. 1830; 

L Sabbatani, Ann* Farm, Chmi&t, 2fi. 337, 1807 ; 27. 1, 1898 ; K R-isenbohni* Zett. phys, Chetn,* 
93, 003* 1919* 

* A. Deatrom, Compt. Rend., 106. 480. 1889; K, fSoimnerfeldt, Neats Jahrb. Min.* ii, 43, 
1902; A. Juhnaen. ib. t 11, 110, 1903; N, W. Fischer, Pm ■ daft., 8. 402, 1820; G* Andre, Cimpt, 
Pend.* 100. 1138, 1885; V* SchwaiYenbach, Ber., 8. 1233. 1875; H. Echiff, Ltefw/* Ann.* 123. 
50, 1802; A, BmizaL, Ann. Chun. Phyx., {7). 29* 305, 1003; H, M. Dawson and J. McOrao* 
Joiirn. Chvtn. Sor, t 79* 400, 1901; 11, \\. ifnm and E. E. Taylur* Amur. Che.m. Jotirn.* 32. 
263, 111 

* T. Kbbb, Vmnpt. fond., 116. 331. IH02; A. \\nmnt> Ann, Chim. Phy#.. [ 7}. 29. 305, 1903 ; 

J* J, BcTzeliun. Githrrt't Ah?i*. 40. 300. 1812; A. Vogel, Jonm. pruki. Okrtn., (1), 2, 194. 1834 ; 

H. BchrOdor. ib., (2), 19. 202, 1879; W. U. Miller, Phil. Moy., (3), fi, 105, 18,35; JL Mitfloliejlich, 
Fogg- Ann., 12 152, 1830; A. Murnitum and I* Rotter, Sitsbur. Akad. Wirn, 34 170* 1859; 

1888; H. Mchiff, 16 ., 123. GO, 1882; P. A. Favre, Conifti. 

73- 720, 1871; 78- 101* 1874; 1\ A. Favra and G, A- Val«fln. ift., 73. 1144, I871 1 ; 76. 3B0, 385* 
577* LOGO* J872; R. Fai gel* 102, 113, 1880; IL C. Jones and B* P. Galdwcll, Awr, Chm. 
Jotinu, 25. 340,1001; W. Beets, IV'iwt Aon.* 7. 435* 1879 ; E. Bartlict, Nt.ttcu Juhrti. Min. B * B. t 
18. 308v 1904; H. Rheiueck, JJinglrr s Journ., 202. 271* 1871 ; J. A. Gnuahiius, Pt c. Trtiv. Chtm. 
Payt-Bat, 4 230* 1885; F r A, B. Sehrcineniakcrs* Chan. HVrfr&., 6. lt(5 r 1908; B. M. Tormnuc 
and N". Kuiglit, Chcm. Sewi, 117- 270, 1018; T. OnrtiuH and F, Bchradcr, Jonrn. pr&kL Chf*m., 
{21,60. 322.341, 18(t4. 

E C. F. Kammelslierg, Sitzber. Akad. linUn, 085, 1848; F. A. IL Kehreineuiakers, Chttn. 
WeckH, 6. 405, 1098; Prvc. Atutl. AmxiiTthtm* 11, 138, 1908. 

ft J. lbnucyko. Kfeme rtf os de Minerojia d* Chilt* Santiago, 1870; E. F. JUnnnclabtTg, Hand- 
bitch der Mitteralchemir, Leipzig, 102, 1895 ; Ann. Mittw, (7), 19- 504, 1881 ; L iJ^rapeky, Nates 
Jakrb. Min.* i, 192, 1880. 

I T* Graham, Phil M<tg>. (3), 4. 420, 1834; J. Koppel, Zzit. i&ys. Chan., 42. 3, 1903; 
62. 385* 1005; A. Mnrisilik, ib., 92. 351, 1917 ; I > . Rohland* Znt. artorg. Chan., 25. 293, 1903; 
G. Maaaul and M. ^taldtia* Utmpt. Jitxd., 133. 2H7, 1901; F, KudnrJf, Bogy- Ann., 148. 455, 1873; 
C. Palflcho and C. II. Warren, Amur. Joum. Science, (4), 26. 345* 1908; L Darapsky, Neuet 
Jakrb. Mtn., i* 102, 1889; H. W. Foote, Jaunt, htd. A'wj. Chan., 11- 620, 1919. 

II T. Graham, Phti Ala*/,, (3), 4* 42», 1834* It. Bottgcr* P m . ,!**.. 60.4Ji, 184D; C. Brunner* 

ib., 16. 470, 1829; 32. 221 f im ; K, BnnBt'n and G. Kirelihoff, ib., 113. 337* 1801 ; J. 1. Pierre* 
A*h. 0 T Ain*. Phytt.* (3), 16. 251, 1840; J. F. Perswa* ib., (3). 25. 275* 1849; V, L Remit, Arch. 
Sciences* (3), 26. 077, 1801; J. E. Trevor, Zeit. phi/tt. Chan., 7. 408^ 1801; W. M«ytT- 

hoffor, d)., B. 040, 1802; A. A. Moyes* ib., 6. 257, L890; JJ. il. Torrance and N. Knight. Vkwn, 
Nacs* 117.279* 1918; G. Brugdumn, Bw. t 15. 1840, J882 ; A, E. H. Tutton, Joitrn, Chan, A'oc.*63, 
400* 1893 ; 69. 495* 1890; E. Aston and H. U. Pickering, i{i., 49. 123, L880; M. U. Pickering, 
ib u W. 1* 200, 1880 ; Ch&n. X*ws r 52. 245, 1885 ; H. Schroder, bichiiyhiltmtpsstutgm* Heidelberg, 
10* 1&73 ; HL J- Brooke, Anw. Phil., 23- 118, 1824 \ P. A- Favre and CL A* Valaon, Cotnpf, Band., 
75. 330, 1872 ; 77. 907, (873; F. M. Ra^jult, tb. t 69. HJ4 h J884; V. A. Favre, *6., 77- 101, 1873; 
J, F- Joulo and L. Playfair, Man. Chan, Boc,, 2. 491, 1845; H, Kojip, Lirbiytt Ann., 36. 1* 1840; 
40. 173, 1841; H. Shhifi, LiebbjA dun., 122 00, 1802; E. Diaeom, C'on^. Bend,, 56. 053, 1803; 
J. Thomnen* Jour tj. prakl. Chan., (2), 19- 1, 1878; E. Rieger* Znit. Elekirochan.* 7. 803, 1901; 
J, F, Baniell and \V. A* Miller, PAjJ. Trans , t 134. 1, 1844; J, 1>. van dcr Waalfl, Die Continuity 
den ffasfvrtntyeit nnd jt&ssvjen Zitstandes, Leipzig, 1800; A. fxacthi, BpefittUtre di i'wuw’o e. dei cam-pi 
Flegri, 1887 ; J. Trotseh* Wtcd, Amt., 41- 274* 1800; Tk Giillithe, Journ. Science, 18. 90* 1825; 
F, B. Locke, Amer* Chem. Jvum,, 27. 450* 18U2; C. F* Gcrhardt, Jana i. PAarm., (3), 12 57, 
1847 ; E. Suitnnerfoldt, Nates Jahrb* Min,, iL, 53, 1902; F. K-sindtO, Jvurn. praki. Chan.* (J), 
iQO, 1* 1807; F. C, Vugd* Stkwetgger 1 # Joum*, 2 435, (811. 



COPPER 


261 


§ 27. The Basic Cupric Sulphates 

Several baric cupric sulphates have been reported. Various hydrated or 
anhydrous forms of products with the ratio CuO : SCfcj as 10:1, 0 : 1, 4 : l, 7 : 2, 
3; 1, 11 : 4, 8 : 3, 5 :2, 7:3, and 2 :1 have been reported* The best defined of 
these are possibly the salts with CuO : 8Q, as 2 ; 1 ; 4 ; 1 aq.; 5 ; 2 aq.; and 
8 : 3 aq., although all are possibly mixtures or solid aoln. of cupric oxide or hydroxide, 
cupric sulphate, and water. For example, in their study of the ternary system, 
CuO—8(1, -H^G, J* M, Bell and W* C. Tabor digested ignited copper oxide or 
cupric hydroxide with sulphuric acid in order to find if boric sulphates are 
formed. The line AB, Fig. 31, represents the composition of the residue in equili¬ 
brium with the floln. The lines joining corresponding points of aoln, and residue 
fall between NA and MB ; they do not meet in a point within the triangle. The 
points M and N represent the two baric sulphates which have the best status in 
literature, namely bCuO.^SQg.niloO, and 4 CuO.SQ 3 . 4 HgO. This indicates that the 
solid phases consist of a series of solid hoIn. of cupric oxide, sulphur trioxide, and 
possibly water; hut there is nothing to show that definite basic compounds are 
formed. The soln, which exist in equilibrium with the solid eoln. range from pure 
water to a sat. soln, of cupric sulphate. The composition of the solm containing 
sulphuric acid, water, and copper sulphate, in equilibrium with the solid phase, 
is represented by BE, Fig. 33, which is plotted from the data indicated in Table VI IT, 
The weakness of the evidence for the hypothesis, based largely on analysis, that 
the basic cupric sulphates are definite compounds, will be emphasized best by 
a review of their modes of preparation. K, Criessbach has also studied thin 
subject. 

S. U, Pickering prepared a blue product of the composition cupric ctmpatxnf- 
Iplmtt’i LOCuO.SOjj, that is 0uS0 4 .3Cu0, by the action of O'fhY-alkali on a dil r 
soln. of cupric sulphate, He says: <£ When an alkali is added gradually to a weak 
sola* of copper sulphate, a point is reached when the liquid begins to show a slight 
alkaline reaction, but this reaction is temporary, and more alkali must be added 
before a permanent alkalinity is obtained* The gradual absorption of alkali after 
the first temporary alkalinity occurs extends over two or three days. The eq. of 
alkali required to produce the initial and permanent alkaline reaction, together 
with the eq, required to precipitate the copper completely, were found to be : 
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The precipitation of the metal is complete when the alkali reaches 0 75 eq., an 
amount showing that the baric sulphate then formed must have the formula 
40uG.SG a . This sulphate is evidently converted into a more basic one by further 
addition of alkali, and permanent alkalinity is reached in all five cases when the 
amount added amounts to (J'3 eq h This represents the formation of IOCuO.SGj. 
In only one instance, that of baryta, is the point of initial alkalinity identical with 
that of permanent alkalinity, an exception probably connected with the insolubility 
of barium sulphate. With lithia and potash, initial alkalinity occurs with 0 8 cq., 
but with soda and lime the values are higher. It seems most probable, however, 
that in all eases the point of initial alkalinity indicates the existence of a basic 
sulphate intermediate between the first and final products, although in some coses 
it may be impossible to obtain this intermediate compound unmixed with a certain 
amount of the final product, and hence the quantity of alkali absorbed is abnormally 








The discover Of its value was accidental, It had been the practice k the vineyard 
in the neighbourhood of Bordeaux to sprinkle those viaea which were near a road with 
verdigris in order to give them the appearanoo of having been poisoood ( and bo to prevent 
depredations. A mixture of lime and copper sulphate was booh subatituted for the verdigris, 
being cheaper, and, whim the downy mildew of America {l*vronogpora vtocpto] made its 
appearance in Europe, it was noticed {J B82| that those vines which had received the copper 
dressing were those which kept their Leaves longest, and were least affected by tho disease. 

The so-called “ normal ” or <( 1 6 f ’ mixture is made by adding 11 parts of 
lime made into milk of lime to 1G parts of crystallized cupric sulphate dissolved in 
100 parts of water. Occasionally, stronger or weaker mixtures are used, and 
sometimes the proportion of lime is increased so as to equal that of the copper 
sulphate. For complete decomposition, the crystallized sulphate requires one- 
fifth of its weight of pure lime ; consequently, the lime used in practice is in con¬ 
siderable excess of that required for complete decomposition even when an allowance 
is made for impurities. (r. Tripod), and L. Sostegni found Bordeaux mixture to 
be stable in air, and not affected by atm, carbon dioxide, but it is converted by 
aq. ammonia or ammonium nitrate into 4UuO,S(V —nda cupric calcium Bulphate. 
R. Kane * prepared what ho regarded as 8CuO.$Q}J2H 2 Q by precipitating copper 
from a soln, of the sulphate, and stopping just short of the point where the liquid 
becomes alkaline. S. II. Pickering also prepared a similar apple-green substance by 
the action of 9 mola of in the form of sodium hydroxide on 10 mob of cupric 
sulphate. D, Smith failed to confirm the existence of It, Kanr.B product, and bo 
recorded the formation of pale blue cupric tetraxi^ulphatc, rjCuO.SOj.GHgO, or 
CuSO^CuO.GlhjO, or CuSO 4 ,4Ci](OH] 2 .2lI a 0. S, U. Pickering obtained a similar 
precipitate by the action of alkali oq t to O H mol of Xa^O on 10 mols of cupric 
sulphate. The colour obtained has different tints of blue, according as CaQ, K 2 0, 
or LifcO is the alkali used. 

Trioxysulphatos with 2, 2J, 3, 3^, 4, 5, and lblf 2 0 as well as the anhydrous 
salt have been reported. 8. U, Pickering precipitated a product, cupric trifixy- 
sulphrde, 4CuO.SOg, that is CuSO 4 .3{Ju0, by the action of 134 c,v. of lime water on 
a coin. of a gram of crystallized cupric sulphate. He also used soln, containing 
Q’7i> eq. of BaO, CaO, Li 2 0, ^a 2 0, or K a 0 in place of lima water. D, W, Horn 
and E. E, Taylor obtained it by the action of a so In. of sodium carbonate on one of 
cupric tetrammi no-sulphate ; and A. Recoura, by the action of a cold or hot soln, of 
cupric sulphate on freshly precipitated cupric hydroxide. S. U. Pickering obtained 
a blue flocculcnt precipitate of 4CuO.SCt j .lHI 1 jO J by tho action of a cold ur hot 
soln. of sodium acetate on cupric sulphate ; the precipitate is not changed by heating 
it in air at 100°. D. Smith obtained iCuO.SOj.SHiiO by the action of just enough 
potassium hydroxide on a soln, of copper sulphate to ensure that no copper remains 
in soln,, by the incomplete precipitation of cupric sulphate from a soln. of cupric 
sulphate by sodium carbonate, and by heating 4CuO.SOj.5H a O between 200° and 
240° when two-fifths of the water is expelled ; 0. Roucher digested finely-powdered 
2CuO.SO a in cold water, and separated the basic salt from the soln, of cupric sulphate 
by filtration. R. U, Pickering heated 4CJuO.Sfl^.2NHg.5H a O to 100° for 20 hours ; 
L. Sabbatani boiled cupric tetrarommo-sulphate with water; and W, Hampd 
boiled a neutral soln. of cupric sulphate. It is not definitely settled whether the 
mineral brochantite is 4Cu0.80 a .3H 2 0 or 7Cq0.2S0^.5H 2 0. It crystallizes in 
rhombic pyramids, and A, Werner suggests that it is a hexol-compound, 
[CuiCu(0H) 2 f 3 ]S0 4 . 

W. Casselmann reported the formation of 4CuO,S(V3£H 2 0 when a dil. sob. 
of cupric sulphate is boiled with acetate of potassium, sodium, ammonium, magne¬ 
sium, manganese, cobalt, nickel, zinc, or cadmium; fiCHjCOONa-^lCuSO^d-SHgO 
=3NaaSO4+4CuO F 9Q3-bfi^^3^0H. Sodium formate, propionate, or valerate 
may bo used instead of the acetate. H£ also made it by tbo action of sulphates of 
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calcium, strontium, silver, and those previously enumerated on cupric acetate, 
K. Kluss prepared the same salt by the action of an aq. soln, of cupric sulphate, 
CuSO^SHaO (34 grms* per litre), on a soln* of sodium, acetate (Id grms. per litre). 
G, Andre described the product ICuO.SO^.lGHaO, which he obtained by saturating 
a hot soln. of ammonium sulphate with cupric oxide, and pouring the liquid 
into water. 

J* L, Proust (1800), and F. Field (1862) made a bright green powder, 
4Cu0.S0g.'lH £ 0, by the incomplete precipitation of a soln. of cupric sulphate with 
potassium hydroxide* Tbe product was washed with water. J, Kiihn recom¬ 
mended adding insufficient of the alkali to make the soln. react alkaline; and 
S. U, Pickering used less than l^mols of potassium hydroxide to one of cupric 
sulphate in the cold. A. Vogel and C. Jtcischauer recommended the use of aqua 
ammonia, and add that if too much is employed, some cupric hydroxide is formed 
which later causes the precipitate to blacken, $. U, Pickering also digested the 
precipitate obtained by adding an excess of potassium hydroxide to a soln. of 
cupric sulpliate for some hours in the cold with a 10 per cent, soln, of cupric 
sulphate; and J. L. Proust digested cupric hydroxide dried at 100° under similar 
conditions—cupric oxide does not react in this way. F, Sabatier made prismatic 
crystals of this product by digesting copper oxide, or hydroxide, or 4CuO,H a G, or 
Cu(0H) 2 ,3CuO, with a cone, soln, of cupric sulphate. K. C. Sullivan obtained a 
precipitate analogous to langite or brochantite by the action of natural potassium, 
sodium, or magnesium silicate on a soln. of cupric sulphate. A. Mailhe digested 
cupric sulphate with nickel oxide, hydroxide, or carbonate. R. Kane obtained 
the same product by washing with water the green powder obtained by heating 
cupric ammino-sulphnte. S. U. Pickering boils the dark blue precipitate obtained 
by adding water to an ammonjaeal soln, of cupric sulphate with a cone. soln. of 
cupric sulphate for 10 minutes ; but if the solu. is cold, the product has the com¬ 
position GCuO.SStXi.bILO* A. Vogel and C. lfoischnucr say that the product 
obtained by digesting metallic copper with animnnium sulphate soln. in air is 
4CuO.S0 3 . 4H 2 0 contaminated with cupric by dioxide. J. Tiittschoff boiled cupric 
oxide with a soln. of ammonium sulphate; and evaporated nearly to dryness; 
and washed with water. The apple-green product was dried at 110°. 

According to A. H, Ohurch, P. Bcrthier, F, Pisani, A. Foullon, F. A. Gcnth, 
and 0. F, Rammclsberg, this hydrated baric sulphate corresponds with the mineral 
4CuO,8<VH a O p or CuS0 4 .30uO,4H a O, or CuS0 4 .3Cu(OH) 2 .H 2 0, or 
C^(011) rt S0 4 .H 2 0. According to N, H. Maskelync, the blue or greenish-blue mineral 
crystallizes in the rhombic system, and lias the axial ratios a : b : c— O'5347 :1: (VG346, 
hardness SF/i, and sp, gr, 3'48 to 3'50. G. Tachermak applies the term dewltine to 
a mineral which is probably a mixture containing langite, According to J. Kiihn, 
and J. Tiittschcff, the artificial product docs not lose water between 100° and 
180*, but when heated for a long time at 180°, it loses 122 per cent., and With 
a stronger heat, both water and sulphur trioxide are given oft S. U. Pickering 
said that lfXl c.c. of cold water dissolve 0 0017 grm, of the salt, and that it is not 
blackened when heated for a long time with water; while J. Tiittscheff, and 
F, Sabatier say that it is insoluble and unchanged in cold water. A. Werner regards 
langifce as a hexol-sulphate : 

HIHh HhH] 80 ‘ h ‘° 

Oroch untile a LcimW/s 

When CuSO^.CuOAHnO is treated with a sat. soln. of oupric sulphate, P. Sabatier 
found tliat the basic sulphate passes into green-coloured bCuO.SSQa^HaQ, which 
loses cupric sulphate when treated with water, and forms langite, J, M, Boll and 
W. C. Tabor’s study of the ternary system, CuO—St^—H a O, lent no -support to 
the hypothesis that any definite baric compound is formed ; the reported products 
are members of a series of solid soln. ranging between SCuO.SSO^.SH^O and 
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eCuO.SO^lSiy). Three hydrates of cupric hzploxydmtlph(tfe t CuO:SC^=7:2, 
Hve been report* d with respectively 5, 6, and 7H 2 0. According to J. L, Proust, 
cuprio hydroxide or frcshlv-precipitefced carbonate passes into the hepfcahydrated 
Bait, 7CuO .2^7HA or^CuSO^CufOHJ^H^Q* or aCuSO^CuO.THjjO, when 
digested with a soln. of cupric sulphate, and he also made it by the action of aq, 
potassium hydroxide or aq. ammonia on au excess of cupric sulphate. Similar 
methods were employed by D. Smith, J, J. Berzelius, M. lo Blanc, L, Hiinefeld, 
T, Thomson, and C, Boucher. According to T* Graliam, the precipitate carries 
down with it some potassium sulphate which cannot # be removed by washing* 

E, Brunner used zinc oxide in place of potassium hydroxide, and found the precipitate 
to he free from zinc. F, Rcindel and E. Brunner treated the double salt* 
KjjSO^CuSQi, with hot water, or boiled cupric sulphate with potassium sulphate. 
G* Andre digested cupric tetrammino-BuIphato wjth water and metallic copper 
until the black mass became apple-groen; the decanted liquid was treated anew 
with metallic copper; he also heated cupric oxide with a soln. of ammonium 
sulphate in a sealed tube at 200*; and ho mixed equal volumes of sat. soln. of 
cupric sulphate and tetrammino-sulphato, or else heated the mixture in a sealed 
tube at 150** The product is a pale-green or bluish-green powder. F. Keindel, 
and T, Graham found that at 120°, the product loses only 1 or 2 per cent, of hygro¬ 
scopic moisture, nothing is lost at and 2 mols of water arc lost at 250°; when 
further heated, the salt is so changed that cupric sulphate can be extracted with 
boiling water, but, according to J. L. Proust, if the salt be loft to stand for some 
time, the constituents recombine. The salt is not changed when washed with cold 
w$ter, it dissolves in boiling water and in acids ; according to G. Andre, the salt is 
partially soluble in aq. ammonium sulphate ; J* Habermann obtained a bluish- 
green micro-crystalline powder of the hexahydrated salt, 7Cu0.2SGj.liIl 2 0, or 
SCuSO^&CuO.GHgO, or 20000^50^011)^.^0, by dropping a cone. soln. of 
ammonia or sodium carbonate, with constant agitation, into a com', boiling soln. 
of cupric sulphate. The product is insoluble in cold or hot water ; it docs not lose 
water at 100° in vacuo ; when heated to liKJ" it loses one per cent, of water without 
perceptible colour change ; between 280° and 2110*, it suffers a continuous loss of 
weight and changes its colour ; at 320 D the colour changes to a dirty green ; and 
at a dark red heat it becomes black, The salt loses its wafer at a dark red heat, 
forming an anhydrous product, 7Cu0.2S0j, or SCuSO^SCuO. A. C. Eocquerel 
obtained crystals of the pentahydrated salt, 7 CuO. 28 O 3 . 5 HoO, or SCuSO^&CufOHta, 
by allowing porous limestone to stand in a soln. of cupric sulphate; S. Meunier 
used freshly precipitated cupric carbonate in place of limestone; he also used 
pieces of galena, when the time occupied is 11 months; and L, Grimbertand M. Barre 
used spring water with calcium bicarbonate in soln. L, Bourgeois boated a soln, 
of urea in a sealed tube at 130*; J. Ha Hermann and B. Ehrenfcld added DO c.c. of 
SN-sodium hydroxide to a soln, of 5 grins, of crystalline cupric sulphate in 200 c.c. 
of water, washed the product in cold water, alcohol* arid other, and dried the mass 
at 100° ; and 8. Meunier allowed an ammoniacal soln. of cupric sulphate to stand 
for a long time exposed to the air. G. Rousseau and G. Tito found that with water 
and magnesium carbonate at 240* or 250° the product gives cupric oxide pseudo- 
morphic after bionchantite, 

This compound is supposed to be represented in nature by the mineral brochanide. 
This view is based on the analyses of P, Bcrthicr* A. H. Chester* I. Domcyko, 
F* Field* G. Forchhammer, E. Ludwig* W. Lindgren And W. F. Hillebrand* 

F. von Kobell, N, S. Maakelyne* F* Pisani* F.' Bondberger, G, Tsehermak, and 

R. Waring ton. It occurs in dark green or emerald-green prismatic crystals belong¬ 
ing to the rhombic system, and with the axial ratios a : 7739 :1 : 0*4871* 

The hardness ranges between 3 5 and 4 0 ; and the sp, gr, 3'78 to 3 90. Several 
other formula* have been ascribed to this mineral* iCuO.SQjj.SHjjO, vide supra; 
7Cu 0.28(V6H 2 Q ; 3CuO,SO^,2H^Oj vide infra ; 3 CuO.SO 3 . 3 H 3 O, vide infra. 

Five hydrated forms of cupric dtoxyfiulphate t 3CuO.Sf^j* or CuSO*.2CuO, have 
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bean reported re&iwotively with 1 J, 2 , 2}, 3, and 4H a 0. According to A. Bream*, 
the composition of the mineral urovoigyite, or herrengrundite, 3CuG,SG a .4H 2 0, 
corresponds with that of a basic cupric sulphate- others like C. F, Eammela- 
berg, and B. von Schenck £ believe it to be a cupric calcium sulphate, 
(joB 04 . 3 Cu(OH) e <CuSO 4 .3H£0, or Ca£0 4 ,4Cu0.SQk.6H 3 {X J. J. Berzelius and 
F. Wibel prepared graBB-groen crystals corresponding with 3CuG.SC^.3H a O by 
treating cupric sulphate with not quite sufficient ammonia for complete precipi¬ 
tation, washing and drying the product, and then floating it in a retort. F* Wibel 
also heated in a sealed tube at 2 lG a a soln, of cupric sulphate with finely divided 
silicates, anthophyllite, or hornblende, and he attributes this formula to the mineral 
brochantite, S. II Pickering obtained a bluish-green product, 3CuO.SOfcj.l^HaO, 
by boiling a neutral aq. woln. of cupric sulphate ’ and C. ftoucher by exposing tho 
CuS0 4 *CuO to moist air. F. lteindcl treated an excess of a boiling soln. of cupric 
sulphate with ammonia, and well washed the product with water ; J. Habermann 
used sodium carbonate for the precipitation ■ while L. March lewsky and J, Sachs 
heutod on a water-bftth a sat. soln. of cupric sulphate with an excess of dimethyl 
or diethyl-aniline, washed with cold water, alcohol, and ether, and dried the bluish- 
green mass in a desiccator. The product does not decompose below 270“, but 
does so above that temp. It is very soluble in hydrochloric acid. 

W. A. Shuhstone, and S> U. Pickering prepared the dihydratud salt, 
3 (!uO.$Qg ! 2 H a O> that is, CuS0 4 .l2Cu(0H) liJ by heating cupric sulphate with water 
in a sealed tulie at 2fH.r* and washed the resulting solid with water ; N. Athanasescu 
added a little cupric oxide to the tube before sealing it up ; and L. Berthollet, 
E. Brunner, I). Smith, and F T Itcindel used zinc oxide, (h 1 toucher hc^ed 
2 Cu0 t $0 3 with boiling water ; F. Reindel precipitated an excess of a Ixbling solu. 
of cupric sulphate with sodium or ammonium carbonate, or basic magnesium 
carbonate ; W. Spring and M. Lucion treated cupric hydroxide with a soln, of 
magnesium or manganese sulphate ; and J, F, Persoz believed that the process 
employed by K r Reindel and E. Brunner furnished thin salt, and not 
7 OuO. 2 SO 3 . 7 H 3 O, as was supposed—lie stated that this is confirmed by the work 
of C. Freese on basic rupric chromate. It has been suggested that the emerald- 
green mineral brocAavlite lias this composition, and F, W. HiHebrand gave the 
name to a variety of this mineral from Arizona. According to H. A. Micro, 

the mineral xtehwrite, occurs in bipyramids belonging to the rhombic system with 
axial ratios a : ft : c=O l 4971 :1 : 0 6881. A. Arzruni obtained similar numbers. 
The sp. gr. js 3 884 (4°). According to F. JieindeJ, the product is stable at 270°, 
and loses water uliiwly at 3JV7'\ and all the water is lost at 448°. According to 
W. Spring and M, Lueion, the product decomposes at 15° in 600 to G4S hrs,, at 
30° in 57 lira,, ami at 45* in 23 to 33 lira. It is insoluble in water, and soluble iu 
dil. sulphuric acid. According hi W. A. Shenstone, it redissolves in a few weeks 
in its own mother liquid. A. Steinmann, and V. Mera and W, Width prepared 
bright green microscopic crystals of 3CuS0 4 .S(VlJH 2 0 by heating a cold sat. 
soln. of cupric sulphate in a paraffin bath between 200 ° and 251)*, The product 
decomposes readily, is infallible in water* but very soluble iu warm acids. 

According to F, Clowe* and R. M. Cavcn^ the basic sulphate which S. II Pickering 
formed by boiling a soln. of cupric sulphate* and thought to be 6CuO,2S0 3 .5H E O, 
has the composition cupric hcploxy-tdroxvlphatet iCuSO^^CufOHj^J^O, or 
HCuO. 4 SQ 3 . 8 H 2 O, B, Schiitre reported thy formation of oefaitydrated cuprk 
trh^f-irisulpfuUe, 8Cu0.3S0^,8H 2 0, in green needles by boiling a cone. soln. of 
cupric sulphate ; and L. MarehUiwsky and J. Sachs, the green riccahydrated salt, 
HCuO h 3SOjj,l0lI 2 O, by the action of an excess of quinoline on a sat. sob, of cupric 
sulphate. This salt decomposes at 200°, F. Wibel heated 7 grms. of woJkstonito 
with 30 c+c. of cupric sulphate soln, (1 065 grms, copper) to 100 s in a sealed 
tube, and obtained what he regarded as trihydrated cupric trioxy-disulphote, 
bCuO.SSO^.SHjjO, or 2 CuS 0 4 . 3 C[|( 0 H) 2 . P. Sabatier obtained green crystals of 
the pentahydrated salt* &CuQ, 2 SOa.fiII 2 G, by the action of a cone, soln, of cupric 
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sulphate on iCuO-SQiAHjiO ; the latter fa reformed by the action of cold water on 
DCuO>2£Qg.5HgO. E. Weinechenkmade 5CnO.2£iO 3h 0H 2 O by the action of an excess 
of anunoniacal cupric sulphate on iron wire in a sealed tube at 150°. The composi¬ 
tion of the cryetals was determined by A. Weisbach, Green microscopic crystals 
of this product occur in nature as afmmtc, and when mixed with calcium sulphate* 
the mineral is called hcrrcwjrunditc—vide supm. A. Etard obtained a green crystal¬ 
line powder of cupric heptoxy-tmulphate with the composition 7CuO,3SO a ,12H a O, 
or 2CuSOjACu(OH) 2 .8H s O s by heating the preceding salt in a muffle between 05° 
and 105 s . C, Boucher, and T. Klobb, prepared an amorphous orange-yellow powder 
of cuj>rec oxy sulphate, 2CuQ,8(^j or CuS0 4 .CuO, by heating cupric sulphate to dull 
redness in a platinum crucible ; and K* Kliiee similarly treated basic cupric dithio- 
nate, CuS^Og.SCuOAlIjQ* L, and P, Wohler and W. Pliiddemann heated cupric 
sulphate to 800° in a stream of sulphur dioxide. T. Thom son f arid L. Gmelin made 
the same product by digesting cupric oxide with au aq. soln, of the sulphate ; and 
A. Rccoura prepared CuSOi-CuO by the oxidation of ilry cuprous sulphate at 200° 
According to J. E, Stmndmnrk, the salt was found by A. Scacchi in the ejecta of 
Vesuvius, as the mineral dokrophanite described by J. E. Strandmark, and G. Tscho 
mak, It fornifl monoelinic prisms with the axial ratios a: b; c—1'!133; 1 :1203. 
The orange-yellow or yellowish-brown powder is said to be isomorphous with 
cupric sulphate. It is not changed in dry air, but readily decomposes in moist air. 
L. and P. Wohler and W, Fliiddemann give for the vap. press. 92 mm. at 600°; 
12 2 mm. at 685° ; 168 mm. at 725° ; 256 nun. at 763° ; and 454 mm. at 800°. The 
composition has been graphically symbolized; 
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1834; C. Rtracher, Joum. Pham,, (3), 3T. 249, 1360; A, Araruni, ZiiL Kryet., lft 59. 1891; 
R. Waringten, fount. Chem- 8oc. t 18. 85, 1865; F, Sand burger, Fogy. Amt., 106. 0J4, 1858; 
W. Lmdgron and W. F, HilJebrand, Amcr. Joum, Science, (4j. lft 448, 1904; A. H. Chester, 
(3), 3ft 284, 1887; K. Ludwig, Tachermak's Mitt., 38, (873 ; G. Bouaennu and G, Titt T Compt. 
Fatd., 113. 192,189 L; S- tfeimior, m&hode* d? synlhhxe eti miniralogie, Faria, 189J; N. Je Blanc, 
Jourrt. Phys., 66. 301, 1802 ; J. Habermann and H. Khrenfdd, Zeii. anorg. Chart., 60. 310, 1000 : 
T, Thomson, Attn. Phil, 17, 244, 1821 ; F. Reincicl, Joimi. pmkl Chem>, fl). 100. 1, 1807 ; 

F, von Knbell, ft., (!}, 9ft 251. 18G5; T. Graham, Phil Trttne., 123. 2,13, 1833; L. Grimbert 
anil M. Bam£, Joarn. Phartn., (5), 21. 414 T 1899. 
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1904 1 KL WcinstJhcnk, Zcit. Krysi., 17. 492, 1890; J. E. Stmndmark, i b., 30. 450,1902; A. Etard, 
Compt. Rind., 104. 1GJ5. 1987; T. Klobb, ib., 116. 232, 1802 ; P. Sabatier, i&., 126, 104, 1807 ; 
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P. Wohler and W. Pluddemann. /Jer., 41, 710, 1008; K, Kltisa, Mug's Ann., 240. 200, 1888; 

G. Tnyhcrmak, TVAernktAV 54, 1871; A, Woisbath, JoArk Jfm.. 120, 1883; L. Grudin. 
Htfudbook of ChemiMrtft Umrjrm, 5. 4J4, 1851; T. ThnmHon, A System of Chemistry, Edinburgh. 
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5 28. Copper Carbonates 

Normal cuprous or cupric carbonate has not yet been isolated, although 

R. Warner 1 says a carbonate probably exists in aq, soln. to the extent of one 
in 4(X)U-5OO0 parts of aq r carbonic add under a press. of several thousand atm. 
J. b. Gay Lussao also believed that the black mineral mi/sarine is the nonnal car¬ 
bonate, but this is now known to be a basic salt. P, Carles noted the formation 
of scales on copper exposed to the joint action of air and ammonia on copper. 
The scales were blue on the outer surface, reddish-yellow in contact with the 
metal, and malachite green in the interior. In time the blue becomes green, and 
finally all becomes reddish-yellow. The product is stable, and it dissolves in acida 
with effervescence. It is assumed somo pupptiii# carbonate ia present. The solm in 
hydrochloric acid gives a white precipitate when diluted with water, 

P. X. Rniknw asys that whun frtwhly precipitated cuprous hydroxide, Ruspcnded m 
water, id treated with carbon dioxide, with thu exclusion of air, a cuprous ftydrorarbonate, 
Cu ft H(CO fl ) a . in precipitated, and tins is sntjn decninpuMcd into cuprous hydroxide find 
carbon dioxide, Thn orange.-ye]low precipitate produced hy adding nodium carbonate 
to a unlii. of cuprous chloride in hydrochloric udd okh times a brick-red colour wlicn washed 
with told water and ia stated by L. CJmdm lo bo Jiydrati^d cuprous oxuic, froo from carbon 
dioxide. 

According to E. Forster and F, Bkmkenbsrg, the colourless or blue soln, 
which has been used in gas analysis for the absorption of carbon monoxide, contains 
cuprous ammim-carbamlc; the soln, precipitates some copper when sulphuric 
acid is added. Double salts of the normal cuprous and cupric carlxmates with 
ammonium or the other metal carbonates have been prepared. Rasic cupric 
carbonates have been reported with CuO : CO.,: H^O in the ratios 10 ; 1 : fi, 8 : I : Ji, 
G : 1 : 0, 3 :1 : 2, 8 : 3 : (i, u : 2 : ft, 2 : 0 :1, ^ : l: (1 or 2), 5 : 3 : 0, 8 : 5 : 7, and 
3:2:1. Several of these occur as minerals, and from tho analyses on which the 
formuhe are based there is nothing to indicate which are chemical individuals 
and which are solid soln. The mixture obtained by adding sodium carbonate to 
copper sulphate is used as a fungicide—the mixture is known as soda Bordeaux. 

S, IT. Pickering says that the ordinary cupric carbonate of commerce approximates 
to aCuO.CtyiljjQ, the formula’for malachite with 7T94 per cent, of CuO, but 
H, B. Dtmnicliff and S. Lai found that the average of thirteen samples from 
different Indian and European sources approximated more to aJiurite—tho extremes 
were 6GT6 to 7S + GG per cent. CuO, 

On adding copper sulphate to a large excess of a soln. of sodium carbonate, 
no precipitate ia formed until a considerable quantity of the copper salt has been 
added, since the small amount of precipitate formed at first dissolves on warming. 
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A bright blue soln. results. When the soln. is boiled, a green granular precipitate 
is formed, while the sain* remains a bright blue. After prolonged ebullition, the 
precipitate is dense black The green precipitate has a composition analogous 
with malachite; the black precipitate ia largely cupric oxide. 

Precipitates from soln. of copper salts and soluble carbonates ate invariably 
basic, and the degree of basicity depends upon the conditions under which the 
precipitation is made. H, Kuhn thus obtained precipitates with the ratio CuO: C0 a 
varying from G : 1 to 5:3. A bulky blue precipitate is thrown down when soln. 
of sodium carbonate and cupric sulphate are mixed, and some carbon dioxide is 
evolved. 8. U. Pickering working with dil. soln. found that alkalinity is attsined 
when IG1 mole of sodium carbonate have been added for each mol of copper sul¬ 
phate. He also found that precipitation is practically complete when 16 mols 
of the carbonate have been added per mol of copper sulphate. He therefore 
infers that the reaction is a simple one and does not occur in two stages, as when 
an alkali hydroxide is added to copper sulphate, in which cbjui the whole of the 
metal is first precipitated to form one basic sulphate, and this reacts with a further 
addition of nikali to form a more basic one before the liquid finally becomes alkaline. 
The precipitate was found to contain no traces of sulphate unless the copper was 
only partly precipitated, and then only in minute quantities ; its formula, therefore, 
is, presumably, hydrated fjCu0.2C0 2 , it« formation Iwing represented by the equa¬ 
tion : 5CuS0 1 4-yH 2 04bNa E C(^--5Cu0.2C0 i: H-! , )NH 2 S04+6NaHCQ 3 . The precipi¬ 
tation is never absolutely complete, because the basic carbonate dissolves in tho 
sodium hydrogen carbonate formed in the reaction ; but the quantity present when 
dealing with very dil, soln. is barely recognizable. Where more than l l 6 mole of 
sodium carbonate are added, the amount of copper dissolved becomes more con¬ 
siderable, and with stronger soln. the liquid becomes quite blue. Exposure to tho 
air, by increasing the proj>ortion of acid carbonate present, increases the amount 
of copper dissolved, 

M. Grdgcr regards the bluish-green precipitate first obtained by mixing soln. of 
sodium carbonate and cupric sulphate as a colloidal copper carbonate associated 
with an indefinite amount of water, anti if eq. quantities of the two win. are 
employed, the mol. ratio of CuO; C0 2 is as 2:1. The precipitate immediately 
begins to coagulate and to lose carbon diaxtdc, 9, U, Pickering found that hydrated 
cupric triory-dicarbonate* nCu0.2C0jj,ralL0, or 2CuCq 3 ,3CuO,w-IUO ) decomposes 
when in a moist condition, but it can be dried over sulphuric add, when it contracts 
to a brittle blue mass; it may likewise he heated to 100° without decomposition. 
It is then dark green and contains IjCu0.2C0 2 ,3H 3 0, but regains its blue colour 
on exposure to moist air. H. Struve gave 5CuG,2C0 2 .GH 2 0 for the composition of 
the insoluble residue obtained by washing the double salt Na^CQj.CuCO^.SHaO 
with water. When the blue precipitate is left in contact with a cold sat, soln. of 
sodium carbonate for some days or weeks, according to the temp., it loses carbon 
dioxide and forms cupric hydroxide ; on the other hand, if left in contact with a 
soln. of sodium hydrocarbonate, or ite own mother liquid, it takes up carbon dioxide 
and forms green pulverulent malachite. If the precipitated 5Cu0.2C0 a .?ifI s 0 is 
washed on a filter with well-boiled distilled water, or with a JV'-soln. of sodium 
carbonate, it loses no copper, but it does so if washed with aq. carbonic acid, or with 
a soln. of sodium hydrocarbonate, forming malachite. 

With cone, soln, of sodium carbonate and cupric sulphate, the precipitate soon 
blackens, and contains only traces of carbonate, # and, according to F, Field, if 
boiling soln. be used, the precipitate has the composition of cupric pentoxycarbonale, 
6Cu 0.C0 2 , or CuCC^.BCuO, or, according to H. St. C. Deville, cupric heptoxycarbomte, 
8 Cu0,C02.5H a 0, or CuCOj.TCuO.hHjO. 9. U. Pickering found that the products 
obtained by F, Field, and H. St. C. Deville arc stages in the continuous decomposi¬ 
tion of the basic carbonate first precipitated, and that even more basic carbonates 
are produced. For example, the brown powder obtained in tho preparation of 
sodium cupric carbonate, NagOufCO^g^IfgO, is thought by M, tirdger to be 
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lOCuO.COa.ftH^O. D. Strombolm obtained no definite compound by precipitation 
with a mixture of sodium hydroxide, carbonate, and hydrocarbonafe. 

According fco 8 . U. Pickering, when a dil. sobi. of cupric sulphate is mixed with 
one of sodium hydrocarbonato, a light blue finely-divided precipitate is slowly 
formed, and considerable quantities of carbon dioxide are evolved; with cone, solti. 
of the two salts : 

The light blue procqiitato fir&t formed ra'dissolved, producing 11 drop blue liquid ; 
warming increases the amount of copper which can thus be dissolved, but un boding, or 
before, thn substance in F r dn. decomposes rather suddenly, forming a green precipitate 
of malachite, and leaving the liquid only slightly bln*?. This decomposition often takes 
place during, or after, filtering ; but, if it does not do so then* the dark blue soln. decomposes 
in another manner, depositing gradually throughout twnnty^four hour*, or mure, fairly 
light blue crystals of the double salt, CuUOj.Na^COj.SHjG, and leaving the liquid with 
often only a trace of copper in it. 

Tko precipitation of the copper is never complete, but reaches a maximum of 
92-93 per cent, when three mote of sodium hydrocarbonatc, or more, are present 
for every mol of copper sulphate. The amount of acid carbonate used up for the 
copper precipitated is always mom than two eip, and is practically constant at 
aljout 21 ft mols of sodium hydrocarbonate for every mul of copper sulphate. 
The only way in which more than two mols of sodium hydrocarhonatc can be 
used up is by the precipitate combining with additional sodium carbonate, but 
the compound is decomposed at once on washing. According to M. Grbger, the 
precipitate obtained from sodium hydrocarbonate and cupric: sulphate at a 
low temp, is colloidal, and has the ratio CuO : (JG 2 ua S : 5. The complex not 
altered by drying, and when dried over sulphuric acid has the composition of 
8Cu0.5C0 2 .7H 2 0, or 5Cu00^3Cu0.7H 2 O h S. U. Pickering considers that the 
ratio (InO : CCt, in the washed precipitate corresponds with cupric ditfxy-tricarbonalc^ 
DCu0.3C0 2 h fdf 2 0, or 3CuCQj.2Cu0.fiH 2 0, and when dried at 100°, n--~ 7. This 
basic carbonate dissolves in aq. carbonic acid, but is insoluble in water and in soln. 
of tins normal carbonate. 

If the double salt, CuCO 3 .NaaCO 3 . 3 H 3 O, be washed with wafer, the whole of the 
sodium carbonate, but no copper, is removed, and the dark blue residue, when dried 
at UK) 5 , becomes green. S. U, Pickering's analyses give for the composition : 8 CuG. 
dOCUbH^O, corresponding with cupric pcnfoxy-tricarbanatCt liCuC’U^.rjCuO.fiHoO. 
P. A. Favrc stated that ho obtained a basic cupric wait, 3CuO.C0 2 .3H 2 O, or cupric 
(twwfcarbGmifit OuCflj.ECuO.SH^O, by the hydrolysis of cupric ammonium carbonate 
with an excess of water ; but S. U. Pickering failed to verify this preparation. He 
digested malachite for two days at 2 JT with a cone. soln. of ammonium carbonate ; 
but the deep purple liquid thus obtained gave no precipitate at all on dilution. On 
adding alcohol, a few small crystals of a purple colour, very soluble in water, were 
obtained on one occasion, these evidently being a enprammonimn salt; on another 
occasion a good crop of shining, purple, crystalline plates was obtained. These 
were quite insoluble in water, and consisted apparently of a basic cuprammonium 
carbonate. H. B> Dunmcliif and S. Lai failed to make a carbonate of constant 
composition by adding a soln. containing ft per cent, each of sodium carbonate 
and hydrocarbonate, to a soln, of cupric sulplnvte sat. at 14 D 5 and diluted with its 
own voL of water. The precipitate after standing in it® mother liquid for about a 
day was filtered, washed free from sulphate, and dried 6 hrs, in a steam oven. The 
product had a fairly constant composition corresponding with oupric penta- 
hydroxydicarboo&te, 2 CuCQ b .GCu(OH) 2j or 7CuO,2CX) r s .5H £ 0. 

The 2:1:0 basic carbonate is represented by the mineral mysorine, from 
Mysore, analysed by R, D. Thomson a in 1836: CuO, 6075; C0 2 , 16*70; Fe E C^, 
19'fiO; and Si0 2 , 210 per cent. F. R. Mallet’s analysis led him to record mysorine 
as a mixture of malachite with calcite, chrysocolla, barytes, chalcocite, and ferric 
oxide, L. Fronchet’s observations on samples from the Urals confirm R. D. Thom¬ 
son’s conclusion that mysorine is a definite mineral species of hardness 65; and 
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sp. gr. 4*398, The attempts of J. L Gay Lushsc, F. Field, H* Rose, and J + X Colin 
and M* Toillefert to prepare mysorine artificially wore not successful, F, S, Beudantfs 
statement that when malachite is heated it forms a product with the characters of 
mysorino is not confirmed by L. Franchet, for he found that the water and carbon 
dioxide are simultaneously evolved, and friable black cupric oxide remains. It will 
be observed that if the formula 2Cu0.C0 2 , or CuCC^CuO, CUprlfi Giycarboimte, 
correctly represents the composition of this basic carbonate the mineral can be 
regarded as representing cupric ortho-carbonate, Cu 2 C0 4 : 


HO 

HO 
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OH 

OH 
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o r O 

Cu<q> C<q>Cu 
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The hydrated fornis of this mineral are represented by ?mF oeAiic—from paXd^ 
a mallow, in allusion to its green colour. The xpwri*h-nAAu and the false emerald 
of Theophrastus and Dioscorides were possibly malachite. The mineral is men¬ 
tioned by Pliny, by G. Agricola, and by J, G. Wallorius. ft is the cuivre carbonate 
vert of L’Abbe Fontana, Malachite, Cu^QHjaOO^ and the related mineral azurite } 
Cu 3 (0H) 2 (CGj) 3 , arc common secondary minerals formed in the upjier portions of 
ores deposited by the action of carbonate waters on copper ores, or by reactions 
between cupriferous waters and limestones. The basic carbonates are also found 
in the patina of ancient bronnes, vide copper. Malachite has been also called copper 
rust t nobk green-span, wndigrk, aerugo nobilis , etc. The terms copper-green and 
mineral-green are also used, but mainly for the artificial product, L. N> Y&uquclin, 
R. .Phillips, H. Struve, A. E, Nordenskibld, J T L, Smith, E. Stohr, T, Hacge, 
M, H. Klaproth, J. Macadam, P, Berfchiet, A. Gawalowsky, J. Tuttesohetf, ete., 
have analyzed this mineral. These analyses are in general agreement with the 
formula 2Cu0 + C0 2 ,II a G, or CuCOg.CufOR)^ cupric hydroxycarbonate, The 
constitution is unknown. 0. Tsehermak represents it us a monohydratcd cupric 
orthocarbonate, CugCOf.HgO, or as CuCOa.CufOH)^ and P. Groth as a normal 
carbonate of the base CuOH', namely (CuQH) 2 C0tj. 

Thu preparation of malachite, —J. L. Proust observed that malachite is slowly 
formed when moist cupric hydroxide is exposed to the air, and more rapidly when 
carbon dioxide is passed through water holding cupric hydroxide in suspension, 
and F + N. Raikow added that the presence of air favours the reaction. J. Xiittechcff 
warmed precipitated cupric oxide with a solo. of commercial ammonium carbonate, 
and found that ammonia is given off, and the liquid becomes blue; at the same 
time, part of the cupric oxide is transformed into a green powder, which when 
washed with water and dried over sulphuric acid, has a composition like that of 
malachite. 0. Kuhling suspended freshly precipitated cupric oxide in a soln. of 
sodium chloride in one case, and of sodium nitrate in the secondj and treated the 
mixture with a stream of carbon dioxide during from two to five days. The 
bright green amorphous powders obtained had the constitutions represented by 
the formulae, OH CuCl CuCl^bCutOH)^ and OH Cu O CO O Cu Oil. R, Wagner 
treated basic cupric carbonate suspended in water with carbon dioxide under 
6 atm. press., and found the undissolved basic salt was transformed into crystals 
of malachite. A. da Schulten also allowed a bo In, of basic cupric carbonate in 
carbonic acid to stand at ordinary temp, for some time, when crystals of malachite 
were formed. According to L, Bourgeois, amorphous precipitated malachite can 
he crystallized by heating it with water and ammonium nitrate or chloride, or urea 
in a sealed tube at 140°, 1 

Many experiments have been made on the synthesis of malachite by the action 
of potassium or sodium carbonate on a soln. of a cupric salt. H. Rose, for example, 
used a cold dH. or cone, soln, containing equi-molecular proportions of the alkali 
carbonate and cupric sulphate. Hot soln. gave black precipitates containing 
sulphuric acid. E. Chuard, M. Grbger, and S. U, Pickering precipitated a soln, of 
cupric sulphate with an equi-molecular proportion or an excess of alkali carbonate, 
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and allowed the blue precipitate to remain in contact with the alkaline mother 
liquid until it had acquired a green colour* Modification in procedure have been 
devised by -T. A. Crowther, H* Struve* etc* 

In illustration* R Field added Hocjium hydrocarliimate to a sola, of cupric sulphate so 
Jong os no precipitate was formed ; on heating the sain, to its b.p,, a granular precipitate 
of the composition of malachite woe formed, H* St, G\ Doville said that the crystals are 
aodiutn cupric carbonate, but if Field could not confirm tliia, \V. 0. Koynalds heated to 
100“ a eoln. of potassium carbonate with a great excess of cupric acetate. R R Free mined 
oq. proportions of a s <JO s and JJV-CuS0 4 at and allowed the mixture to stand over* 
night, Thu precipitate was filtered, washed* and siiKptmdod in water, and treated for three 
days with carbon dioxide under a pro^ slightly greater than that of the atm, A. dc Schulten 
prepared, crystals of malachite by heating on a water-bath for eight days, a hoIh. of pre* 
oipitated copper carbonate in ammonium carbonate in flaskn filled up to tho nock. Tho 
water was renewed ub it evaporated. As the ammonium carbonate volatilizes, green 
crystals of malacldto appear on tho widou of tho flask. F, Millosovitch spread a gram of 
dihyd rated enpric chloride on the bottom of a glass tube, then a cm. thick layer of china 
clay* thou two grama of docahydruted sodium carbonate* and sealed up the tube. When 
the tube was heated to TO^-Wfi 4 * he obtained crystals of malachite. Jt, do S6naxmont 
and V, Kar&vodino treated a soluble cupric salt with sodium carbonate or hydiocnrtionato 
between ICO 0 and 22Q a in a sealed tube, Some preparations have boon reported with more 
water than cnrrtHpondu with CaCO a .Cu(U$IJ a . Thus, K Hubdnovitcli said that tho 
precipitate agreed with CuCOj-CufOKb. If H,Q. E. IJrunnor, and J, J. Colin and 
M. Tftillofert dried the washed precipitate at i£0-HU 0 , anti obtained analyses m agreement 
with CuCt VCu(O£1) a .2H a O. R Cnuards* F. A, Favro's* and M. Grdgcr^a precipitates 
also contained more water than is required for malachite. Tins is in agreement with what 
would bo anticipated if tho precipitate formod is colloidal* 

H, do Scnarmont, and A, C, Bcctjuerel heated a eoln, of cupric chloride with 
calcium carbonate in a scaled tube between 150° and 225° ; F. Wibel likewise heated 
a soln. of cupric sulphate with ealospar, in a sealed tube for 24 hrs. at Ifl0°-l70°. 
A crust of malachite is formed near the calc-spar; calcium sulphate dissolves. 
At a high temp, the reaction is considered to be: ECuSO^d-^CaCCXj-hHaO 
->CuC 0 3 ,Uu(OH)- i 4 -i 2 OaSO 44 ’^Oi; and at a lower temp., the malachite loses water 
and takes up carbon dioxide: SCu^fOHjXOj-f-CO^H^O-f 2Cu 3 (OH) 2 (CO^) ? , 
i.*\ azuritc. F. Millosevitch kept a mixture of marble with water sat. with carbon 
dioxide and a dil, twin, of cupric sulphate (0 grms. per litre) for bo mo hours at 10°, 
and obtained crystals of malachite ; and by using a more dil. soln* of cupric 
sulphate {2^ grjus, per litre), crystals of azurite were obtained. He added: 
" A greater excess of calcium carbonate to the cupric salt is necessary for the forma¬ 
tion of the more basic copper carbonate, azurite, Tho carbon dioxide is needed 
for the dissolution of the calcium carbonate to enable it to react readily with the 
copper salt.' 3 A. C, Beequerel placed a piece of porous limestone in a sola, of 
cupric nitrate of sp. gr. 10U1-111G, and, after some basic nitrate had been formed, 
lie added a sdn* of sudium hydrocarbonate of sp. gr, 1040, and in some days 
crystals of malachite appeared* 

A. 0. Beequercl covered a copper plate with crystals of sodium cupric carbonate, 
dipped the plate in water, and made it the positive pole of a galvanic circuit. Crystals 
of malachite were then formed on tho metal plate. C. Luckow electrolyzed a 
1'5 jjcr cent, soln, of sodium chloride and carbonate in tho respective proportions 
4: l, between copper electrodes with a current density of 0 5 amp, per aq, dcm., 
and 2 volts; the feeble alkalinity of the electrolyte was maintained and carbon 
dioxide and water introduced. 15. Gunther, G* Kroupa, A. Lismann, etc., have 
also prepared malachite by the electrolysis of dil, soln, of carbonate with a copper 
anode. According to J, Errera* oji electrolyzing with a copper anode, a soln. 
of an aikali hydroearbonate, free from chlorine, a film of cuprous oxide is formed 
on the copper* and, on top of this* a layer of a green, insoluble, basic carbonate, 
2CuC:O 3 .20u(OH) fl .H a O, is gradually built up, while a certain amount of copper 
dissolves as fta 2 CO 3 .CuCU a .3H a 0 + No azurite is formed; but, with high 
current densities, there is formed a hlack cathode deposit of copper, which 
changes to the ordinary form on treating with acids. 
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The properties Ol malachite*—Malachite usually occurs in nature as earthy 
or compact nodular masses, sometimes with a fibrous structure. A, Wider 3 found 
a sample with a honeycomb structure. The harder varieties of green malachite 
have been cut, and iwlished into table tops, vases, etc.—e^. the mantelpieces, etc., 
in the Grand Trianon, Versailles. Good crystals are rare, A. Lacroix has described 
some .ncedlc-like crystals. The crystals are usually thin prisma with well-defined 
twinning. According to V. von Lang, F. Heseenberg, etc., prismatic monoclinic 
crystals have axial ratios a: b\ c—G&lkk) ; 1 ; 0'4012, and (3=118° 10'. The colour 
ranges from emerald-green to grass-green. The Specific gravity has been deter¬ 
mined by A. Breithaupt, H. Schroder, V. von Zepharovitch, F. S. Beudant, 
J. L. Smith, etc. The numbers range from 3 3572 to 4*033. The best representative 
value is 3 9, the hardness is 3J. W. Spring compressed the powder to a glass-like 
mass under great press. 

Malachite decomposes and melts in the blowpipe flame. According to H, Rose, 
a sample of malachite from the Urals began to decompose at 22U Q , when it turned 
brown and black. When a sample, dried at 100°, was heated for a long time at 
220* it lostO 7(i per cent, in weight; at 230 & , 1‘22 per cent.; at 250°, 2TG per cent, ; 
and at 3G0 a , 27 71 per cent. The residue then contained D8’74 per cent, of cupric 
oxide and 1*2G per cent of water. Precipitated malachite lost 2512 per cent, by 
weight at 200°, and contained 9G l 55 pur cent, of cupric oxide, and 3 l 45 per cent, 
of water; and at 300° it still retained UG3 per cent, of water. According to 

J. L. Gay Lussac, malachite loses carbon dioxide and blackens when boiled with 
water at 100°. P. E. W. Oeborg found 017G3 for the specific heat of a sample of 
malachite from the Urals ; and J. Joly, 0T7GG. 

A. Hoidu&uhka says that the green colour persists unchanged at the temp, of 
liquid air. G. Cosaro found that the crystals have a negative double refraction, 
and they are pleochroic. A, Yoller and B, Walter investigated the absorption of 
X*rayg by malachite. E. Horn found the electrical conductivity of compressed 
malachite powder to be 3 4x10 ,s , and, after warming 2J- lira, at 140°, 28x10 a . 

K, Zenglieiis measured the o.m.f. of precipitated malachite towards copper. 

The solubility of malachite in water, indeed, the solubilities of all the basic 
cupric carbonates in this menstruum, is very small; the moistened mineral, 
according to A, Kcnngofct, 4 does net react alkaline. J, L. LaMaignu found 
malachite to be soluble in water containing carbon dioxide in aoln.; 100 parts 
of water sat. with carbon dioxide dissolve 0 03 part of malachite after 12 hrs, 
action at 10*, and 755 nini, press. li. Wagner gives 0 0213 part of malachite 
per 100 parts of water after many months’ action at t> atm. press. The solubility 
of malachite in aq. soln. of carbon dioxide has also been measured by U. Jahn, 
P. A, Favre, and E. E. Free. The last-named found the solubility of precipitated 
malachite increases with the cone, of the carbonic add. Expressing the results in 
parte of copper dissolved per million parts of water with carbon dioxide m soln, : 

€O t . , . U ]fS7 348 SGft \m 1224 1549 

Cu . * , PC 8-3 17 0 28* 337 34 8 3!H 

The last-named soln. was sat. at a little above atm. press. The presence of small 
amounts of sodium chloride or sulpliate or calcium sulphate have no marked effect 
on the solubility, but when the cone, of the salt attains about 600 parts per million, 
the solubility of the basic carbonate is augmented. For example, with earbon 
dioxide approximately 1200 parte per million : 


NaCI . 

0 

10 

50 

1Q0 

509 

10,000 

CO t 

* 1268 

1404 

1158 

132ft 

1256 

1276 

Cu 

35 

38 

35 

3ft 

39 

58 


The data for sodium and calcium carbonates are nearly the some : 

, , 0 100 10,000 CaCOj . 0 100 1125 

Cu * . ,35 10 0'7 * Cu . , * 35 7 1-4 
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C, A* Seyler explains the phenomena by assuming that when a soin. of a 
copper salt is treated with sodium carbonate, CuOG 3 .Cu(OH) 2 is precipitated 
and copper passes into soln. as hydrocarhonate: CuC(^Cu(OH) 2 -h3H a COk 
¥=* 2 H 2 0 + 2 Cu(HCQj) 2 . The active mass of the solid basic carbonate and 
the water can be regarded as virtually constant, and, therefore, for equilibrium, 
[CupfHCCWVtHaCOsJ^iC, Consequently, when no other salt is present the cone, 
of the Cu -ions ia always half as great as that of the HCOg'-iona, and, consequently, 
small quantities of calcium sulphate, sodium sulphate, or sodium chloride have but 
little influence ; on the other hand, salts which furnish analogous ions-Cu 1 or 
HC<V X ^ or example, sodium or calcium hydrocarbonute, must lower the solubility, 

E. R Free also found that a precipitate of basic copper carbonate changes its 
nature under the influence of carbon dioxide, and water, whereby its solubility in 
dih carbonic acid decreases. The solubility of different precipitates in aq. carbonic 
ucid ranged from 512 to 107 ports of copper per million in soln. of 012 per cent, 
C0 2 , After 4 or 5 days" treatment with dil, carbonic acid, the solubility of all the 
precipitates was approximately 35 parts per million. The explanation depends 
either on the transient high solubility with a fine-grained precipitate, or there is a 
chemical change from a substance with a variable to one of constant composition 
—but a little more basic. 

Malachite is readily soluble with effervescence in acids. According to W. Springs 
if the speed of dissolution of calcspar in hydrochloric or nitric acid at 15* ia unity, 
that of malachite is 0 231. E. Landrin, and K. JVlurmunn found malachite to be 
flolubhi in soln. of ammonium stilts — c.ff, ammonium citrate, which forms a crystalline 
double salt. G. Gore, and E. 0. Franklin and fl. A. Kraus found malachite toi>e 
insoluble in liquid ah*mmia ; J. Schroder and A. Naum aim found it to be insoluble 
in pyridinr, A. Callegari found that when a suspension of cupric hydroxide in 
water is poured into a conr, soln. of fafdTuziiw fvf/bnwtfte, a violet coloration 
appears which is assumed bo he produced by an hypothetical m-pric hydrazine 
crirbomte which has not been isolated. J. Lemberg found malachite to he soluble 
in potassium etfamde soln." J. iVpchier in soln. of cane sugar; Kalle & Go., in 
soln. of alkali salts of the peptewc.s. The copper is not precipitated from the soln. 
with canc svyor by alkali carbonates, but it is by ammonium hydrosulphide, and 
pot aas t u ] n fo rrocyanid e. Accord i ng to C, Hiuwack j i i ulac h i te i a superfic ial ly rxdou red 
pale grey by wxlivm hydravitk- soln., and in the presence of nascent hjdftnjfn^ it 
forms a brown tab-black mass. D. Tommasi found the moistened salt reacts with 
alkali chlorides, F. (J. Phillips noted that artificial malachite is rapidly converted 
by iuHhjl hydro&uf/phidc. into a yellow powder. L, Lrxrck found that patina is con- 
verted by sulphur dioxide or sulphuric acid, or organic matters from the atm. into 
a soluble form. According to A. I. 1 . Bocqurrel, the electrolysis of waiter with 
malachite in suspension reduces the copper salt by the agency of the hydrogen at 
the cathode. 

The soln. of cupric hydroxide or of basic cupric carbonate in potassium hydro¬ 
carbonate was introduced by A. Soldiam (187(i) as a substitute for H, von Fehling’s 
soln, in sugar analysis; H. Oat also recommended the soln., and it is sometimes 
called OsCs solution. This liquid has an intense colour, and, since K. Luther and 
B. Krsnjavy found it to diffuse readily through parchment, they infer that it is 
not colloidal. During electrolysis the metal migrates to the anode, and it is assumed 
to form a complex of ion— say, [Cu(HCO g taJ of hydra™ pnearbanic add t HCufHCOg)^, 
and [.he soln. may therefore contain the salt, KGu(HCQg) 2 . G, Woltzlar found iron 
precipitates copper from the soln! only in tho presence of ammonium or sodium 
chloride, or potassium nitrate or sulphate. J. W. Doberemor obtained octahedral 
crystals from the soln. According to H, Jahn, and It. Wagner, cupric hydro¬ 
carbonate, CufHOO^j, may also be formed by the soln. of basic cupric carbonate 
in water containing carbon dioxide/ 

Th& transformations of malachite and azurito have been studied mmeraJo^ically by 
W* Haidipger, and many others.* & F, Glinka 4 found a mineral near Atai, with mono- 
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clinic crystals and yellow and green pleochroiam. Its composition corresponded with 
2CuCO,.PbCO a Cu(OH)„ and it was hence called lead malachite, at ptumbomafachite. 
C* R Zinfcen found a bluish'grron mineral which contained copper and calcium carbonates, 
and was hence called culciomalachite or lime-malachite. It U probably a mixture of several 
minerals. A. Damour also shows that A. Raimondi's cuprocalcile is probably a mixture of 
calcite and cuprite* 


The basic carbonate, 3Cu0.2C0 2 .H a 0, or 2 CuCO^Cu(OH) 2j cupric hydroxy- 
dicarbonate, occurs as a mineral chessylite —French ctzurite, German Kupferlasur. 
The English name is derived from Chessy near Lyons, where the finest crystals have 
been obtained. This mineral was recognized by J, F, W* Widenmann? in 1791, 
as a himmdblau Fossil from Styria, It was later called smdt blue, natiw smtUy 
Uue felspar^ nwUit#, Hue spar, Berlin blue , etc, A. Stiitz called it antichter LasuTStein t 
or false lapis-lazuli; M. H. Klaproth called it lastirite, or lazulile. ; F, S. Beudant, 
Klaprothile ; etc. Analyses were made by M. H. Klaproth, J, N. von Fuchs, 
R, Brandes, C. F. Rammeleberg, J. L. Smith and G. J. Brush, L, J, Igelsfcrbm, 
L, N. Yauquelin, R. Phillips, F. Wibel, A. H. Church, etc. The corresponding 
chemical formula, by C* F. Rammclsbcrg, is 2CuC(^.Cu[0H) a , or, by G. Tschermak, 
(CnOH^CufCOj^. According to the latter, therefore, malachite and azurite are 
related as 


HO.Cu 
HO.Cu 


>co 3 


Malachite, Cu{OH)|.CuCO a 


HO,Cu^CO s 
HCXCu—C(Y 

Azurito, Cu<OH) 1 .2CiiCO fl 


Several modes of preparing azurito have been indicated in connection with mala¬ 
chite ; and many properties of the same mineral have been there indicated. Azurito 
readily passes into malachite by the loss of carbon dioxide and the gain of water, 
and conversely. The two minerals are usually associated together, and sometimes 
crystals of azurite from Chessy are transformed at one end into malachite. H.Dcbray® 
did not succeed in making azurito by the action of carbon dioxide under a press, 
of 10 to 14 atm. on malachite, or precipitated basic carbonate ; hut he did pro- 
pare crystals of asurite by enclosing crystals of cupric nitrate with pieces of chalk 
(in excess) with a little water in a glass tube, so that the press, of the carbon dioxide 
was kept at 3-4 atm. A basic nitrate was first formed, and this slowly passed into 
azurito. Potassium carbonate will not serve in place of the calcium carbonate. 
A. C. Bccquerel found a mixture of cupric nitrate, chalk, and sodium hydrocarbonate 
in the cold furnished crystals of azurito ; and he also heated to 125° a soln. of 
cupric chloride with pieces of limestone, under press. L. M. Michel kept a soln, 
of cupric sulphate for many years in contact with pieces of Iceland spar at ordinary 
temp* and obtained a crystalline crust of azurite; F. Millosevitch used pieces of 
Portland cement in.place of Iceland spar; F. Wibel and E. Tiingcl heated a soln. 
of cupric sulphate with pieces of marble in a sealed tube at 200" for a month, 
A. C* Bccquerel found that azurito formed on the walls of collodion or parchment 
paper separating a soln. of cupric nitrate from one of potassium carbonate or hydro¬ 
carbonate. R. Phillips, and F. Fouque and A. MicheLL£vy have described processes 
for making azurito for use as a pigment* 

Azurito occurs both as an earth and in a crystalline form. The crystals are 
deep blue, the earth is a lighter bine. The crystals are monoclinic prisms, with 
axial ratios a : h :c~08501: 1 :1’7614, and j&=92° 24', H, Schroder^ gives 
3'710 to 3 770 for the sp. gr, of the crystals ; J, L. Smith gives A88, The hardness 
is 4. The crystals have a positive double refraction. V, AgafonofT showed that 
azurito has isolated absorption hands in the red, ybllow, orange, green, and greenish- 
blue ; in general, only the blue and bluish-green rays traverse places 1J mm, thick, 
R* Handmann showed that the mineral is phosphorescent* 

The mineral decomposes and melts in the blowpipe flame. Powdered azurite 
from Cheesy was found by H, Row to begin to lose weight when heated to 220 s , 
and little volatile matter remains when the temp, reaches 260 c ; the colour is then 
greyish-brown; at 300° the product i* cupric oxide with a very little water* 
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When ozurite is boiled with water, carbon dioxide is evolved more copiously than 
with malachite, and the powder is blackened. Azurite is not changed when 
allowed to stand for three months in water at ordinary temp, or between 60* and 80°, 
Aaurite is soluble in aqua ammonia, forming a dark bine soln.; it is also soluble 
in a hot cone. soln. of sodium hydroxide, and, according to F. Field, when boiled, 
the liquid precipitates green malachite. 

The tvfttiftEormation product* have been studied mineralogicolly by G. SiUem, 1 * 
L. Bnchrucker, E. DOII, K. 13him, W. S. Youtcs, etc. A. Braithaupt'a deep bJui> crystalline 
minora! zint-tiznfite id probably a mixture of zinc sulphate and azuritc; and bis afbu&t’ 
is probably a imxlyro of atacainite and uztirita or malachito. 

According to E. J. Maumene, aq. ammonia free from ammonium salts docs 
not dissolve cither cupric hydroxide or cupric oxide. C. Bischof 11 dissolved with 
jiyccess of air copper filings or cupric oxide, hydroxide or carbonate, in an aq, goln.of 
ammonium carbonate, and obtained an azure-blue liquor—he fonnd that 100 parts 
of ammonium hydrocarbormte in 1140 parts of water dissolved in 24 hrs., 2 ‘38 parts 
of cupric oxide, or 17 03 parts of the hydroxide. P. A. Favre showed that this 
soln, furnishes crystals of cupric lliatimuno-carbonate, CufNHsJaCOj, when treated 
with alcohol. According to E. J. Maumene, freshly precipitated copper carbonate 
dissolves in aq. ammonia in the presence of ammonium carbonate, forming a com¬ 
pound Cu0.3C0 2 ,4NH 3 . T), W, Horn prepared cupric diammino-carbonate by 
saturating purified cupric carbonate of commerce, CuCt>j.Cu(OH) 2 , with a mixture 
of r*> ex. of a cold sat. soln. of the solid ammonium carbonate of commerce and 
10 c,c. of aqua ammonia of fip, gr, 0 !). About 6 guns, of the basic carbonate were 
employed: Do per cent, alcohol was slowly added to the filtered auln,, and the 
mixture shaken. Fine crystals of the diammino-salt separated out, these were 
press'd between filter paper and dried over potassium hydroxide. F. Cazcncuve 
prepared the same salt by treating a soln. of cupric oxalate with an equal vol, of 
alcoholic ammonia. F. Ephraim showed that at room temp, cupric carbonate yields 
only the d ianmiino-salt, although cupric pentamn lino-carbonate, CuC(^,uNH 3t 
formed at IfF, does not decompose until 37°; above this temp., the pentammino 
slowly pusses into the d Earn mine, winch is stable at 170*, and above 170° it decomposes 
completely. 

According to 0, F, Rucholz, the azure-blue soln. gives off ammonium carbonate 
when heated, and deposits nearly all the copper in bluish-green crusts which contain 
am mu n i a; a si m ila r crust is o bta ined by t he slow evaporation of the soln. D* W. Horn 
stated that the diammine salt behaves like a sat. compound towards ammonia, 
for liquid ammonia may be boiled from it for a period of at least an hour, and the 
salt remains entirely unchanged. According to P. A, Favre, the crystals are 
insoluble in alcohol and ether, they arc decomposed by water with the separation 
of a basic carbonate, 2 Cu0.F0jj,2H 2 0. When rapidly heated in carbon dioxide 
decomposition occurs, ammonium carbonate sublimes, and metallic copper remains. 
H. Rose found that by boiling the soln. with potassium hydroxide, cupric oxide is 
precipitated. According bo E. Bronnert, M. Fernery, and J. Urban, the soln. 
dissolves cellulose, forming a more stable liquid than when cupric tetra-ammino- 
oxide is employed. The soln, is used in the manufacture of artificial silk ; and u 
soln, of copper carbonate in aq. ammonia or ammonium carbonate has been need 
for many years as a fungicide. 

According to J, J, Berzelius, 12 when sodium carbonate is heated with cupric 
oxide before the blowpij>e, a glass ia formed which is green while hot, and opaque 
and white when cold. A. C. Bccquerel filled a porous pot with a soln. of sodium 
hydrocarbonate, and immersed it in a soln, of cupric sulphate. Copper electrodes 
clipping in each liquid were connected electrically, copper is deposited on the 
electrode in the cupric sulphate solm, and bluish-grcen silky needles of a double 
sodium cupric carbonate are deposited on the other electrode. H. Debray mixed 
basic cupric nitrate or carbonate with an excess of sodium hydiocarbonato with a 
little water so as to form a slurry, and heated the mixture in a sealed tube to l(SO 6 , 
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salt WJW inncJtf J>v A. C J&nqucreJ by the prolonged acUod of an nq- whi. of sodium 
hyrirofarbarmt* on huuc cupric nitrate. H, Stnive and J. G. ttwtulfi prepared the salt 
matu or Ir'i'* ts untammated with cupric carbonate by h proti^fl similar Jo that uafitl by 
H £& C. ihsville. ScT. dfr^tfer recommended mixing a aoln. of 2d grin* noimai sodium 
carbon* fr- and grms. of the liydrocarbomtlo in 700 gim*. of cold wafer with a Btdn 
of if grm.& oi hydrocarbonato in 700 grma, of cold water and n sola of gimtf. of prafco 
hydrated euprio aidpfmte in 2(1 gmni of wafer, nod aifowing (lio precipitate to stand in 
contact with the mother liquid. W. <1. Reynolds ground solid copper acetate wilh a cone- 
0 nio H of podium carbonate, M, I 1 . AppJtdwy. and K. W. Lane employed a process similar to 
that recommended by M. Crbgcr, using cupric acetate in place of the H[jl|.djuto. 


The change in colour which accompanien crystallization is support) to indicate 
that the liqviid can not-be a mere tioln, of the crystals ; and, art M. Urbger ban shown* 
the crystals do not readily dissolve in the mother liquor, and they arc decomposed 
by water ; hut, according to M, V. Applcboy and K, W, Late, the crystals dissolve 
in and can be rscrystallized from a cone. soln. of sodium carbonate containing 
hydrocarbonate, W. C. Reynolds, and T. R. Wood und 11, 0, Junes proved that 
the liquid contains highly-coloured anions, and that nn electrolysis, copper is 
deposited on both electrodes. Hence, the soln. probably contains both copper 
cations and carbonato-eiipric or c:upri<arlionat<- ailiens: K;u(’u((.0 ;,-= 2 Nif 
-t-Cu(CGj a ", and Cii(C() 3 ) a "--Cu , ‘+iJ(’0/'. In the one case copper is basic or 
electropositive, anti in the other acidic or electronegative, The t uprit carbonate a 
give a dear yellow colour with potassium fmocyaniric, but. as the change between 
them and copper carbonate is a reversible one, the red colour of copper ferroc yanide 
gradually appears on standing- the actual time depends on the com:, and temp, of 
the soln. The cupricarhonate lias the power of oxidizing dextrose with tin: pre¬ 
cipitation of cuprous oxide. This action takes [Jaw: in the cold, or, more rapidly, 
OU heating, and. is preceded by the formation of Borne soluble compound of the 
cupricarbonate with the sugar, for the amount of copper parsing into tsoln. at first 
is greatly increased by the sugar. Ro such action, nor any precipitation of cuprous 
oxide, occurs when the soluble compound present is that containing electropositive 
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copper* 

S, U, Picki-ring determined the percentage uf copper in sioln, containing different 
proportions of sodium carbonate and hydrocarbonate when the total mol, pro¬ 
portion of tin: two rarbouates was G'ft 
and 2 <f M times that of the cupric sul¬ 
phate. The results are shown in Fig, 3S, 
where the dotted lines represent electro- 
negative copper, and the continuous line 
electropositive copper. The variation ill 
amount of Copper passing into soln. is 
continuous throughout, and shows no 
abrupt change when electropositive 
copper gives way to electronegative 


sofatCQs 


Fra 38,—Per cent, of -J- and — Copper in w ^', p\ T- 1 

Solutions of the Two Sodium Carbonates «*!'<*■ > U Pitkismij- thus explains 

the reactions which occur when a cone, 
eoln* of copper sulphate is added to one of sodium hydrocarbonate : 


The basic carbonate, 5CuO,3CO„ in first precipitated, and then gradually ahaoi-bs 
oarbon dioxide from the sodium hydrocorbonato present, passing into soln. os the normal 
copper carbonate, or, rather, a« a double carbonate of copper and eodium, forming a deep 
blue liquid wherein the copper in electropdbitivc. On standing, thie soluble compound 
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gives rise either to the crystalline double carbonate, or else decomposes into malachite, 
nearly all the copper going out of »ln, On heating to the b.p., the change into malachite 
always takes place if the soln, contains much copper. If the light blue liquid and the mala¬ 
chite resulting from this change arc boded together for some time, the proportion of normal 
sodium carbonate in the liquid ie increased, and the precipitate gradually^ rediasolvoB, 
forming again a deep blue liquid* in the form of cupricarbonate, and not malachite. The 
change from the soluble compound with electronegative copper, is a reversible one. On 
taking a rather weak soln. of the former and heating it to boiling, it becomes darker* and 
the copper no longer reacts with ferroeyanido; but, on cooling, it becomes lighter again, 
anti responds to the ferrocy&nide tout. 


The double carbonate in a light blue salt, which, according to C. F. Rammelsborg 
and \\ Groth, belongs to the monoclihic system, and has the axial ratios a; b: o 
— 15837 :1; 2 2665, and jS--91* 52'. The salt cannot be crystallized from water 
without decomposition. The salt is considered hy S> U, Pickering to be a mole¬ 
cular compound of the two carbonates in which the copper is electronegative. In 
the presence of an excess of normal sodium carbonate, the copper becomes electro¬ 
negative and it is then a complex which & U. Pickering calls sodium a*CUpri- 
carbonate, consisting of NaXu^OJa united with Na^CC^, but in which the copper 
m joined directly to the carbon atoms, aud is in a tetrad condition It oxidizes 
dextrose, aud the constitution suggested represents the presence of a loosely com¬ 
bined oxygen atom explaining such a reaction. Excess of sodium hydroxide 
decomposes it, but a greater excess dissolves the basic carbonate thrown down* 
to form a deep violet-blue soln, of sodium /3-CUpriCftTbOHate, which consists of 
Na^CutOOj)^ united with one or two molecules of sodium, hydroxide. This, too, 
oxidizes dextrose, and also combines with cellulose. It is stable in the presence 
of excess of alkali, whereas the ct-compound gradually decomposes, either into the 
crystalline double salt or into malachite, Sodium cupric carbonate decomposes 
in a similar manner, but generally into malachite, S. U. Pickering suggested 
constitutional formula for the a- and /3'oupriearbonatea, on tho assumption that 
copper is quadrivalent: 
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M. V. Applebey and K. W + Lane made a partial examination of the solubility 
equilibria in the case of N&gCOj — Na s Cu(CC^) s —CuCO^, at and, expressing 


the cone, in grams per litre, found in the soln,: 
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When the results are represented graphically along with H t N. McCoy aDd C, D, Test's 
determination b of the solubility of mixtures of sodium carbonate and liydrocarbonato 
at 25°, the truna breaks in the curve at 25° do not apjwur in the curve at 18° 
in the presence of the cupric aalj, possibly because trona dissociates between these 
two temps. The solubility curves of copper carbonate and the double salt appear 
to intersect when the cone, of the copper is about 0 045 grm, per litre. Instead of 
the solubility of each component being depressed by the presence of the other, 
there is a steady increase, possibly because of the formation of the complex. Unlike 
the normal behaviour of soln. sat, with double salts, M + P. Applebey and K. AY* Lane 
nay that “ the increase of cone, of one component brings about an increase in the 
cone, of the other, the curve apparently lising throughout its whole course," This 
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abnormal behaviour must, as in the case of the solubility of copper carbonate 
itself, be occasioned by the formation of a new constituent in the soln. which 
removes copjier from the soln. equilibrium of the double salt, and so leads to an 
increase in its apparent solubility* The increasing solubility of the double salt 
with rising cone. of sodium carbonate thus constitutes a direct experimental proof 
of the view held by H. St. C. Deville that the copper in these soln. was largely 
present in some form chemically different from the salt which crystallizes out. It 
is shown that a large proportion of the copper in the soln. is a colloidal substance— 
either the normal or the basic carbonate* J, M. Hausemann J3 observed that an aq* 
soln* of potassium carbonate dissolves basic copper carbonate forming a deep blue 
liquid. According to H. Gst, the carbonate is not so soluble in a soln. of potassium 
hydrocarbonate, but is freely soluble in a r old cone. soln. of the normal carbonate. 
The soln. contains a readily soluble double salt which crystallizes out in needles; 
when heated, a basic copper carbonate or black oxide is precipitated, but if the aoln. 
contains sufficient potassium hydrocarbon ate, it is quite stable even at its b.p. 
As indicated above, when the eoln r ia electrolyzed, T. 11. Wood and II. 0. Jones 
obtained copper at both electrodes, and J. W. Turrentine says that during the 
electrolysis, " reduction occurs at the anode due to the formation there of jjcrcar- 
bonates, which, breaking down in aq, soln*, yield ns a product hydrogen peroxide. 
This acts as a reducing agent. 1 ’ 

In 1651, H. St. C- Devillo obtained a tryutallme masa with the composition 
K t CO J .r}Cu<).4CO s .10H f Oj by allowing the deep blue (join,, obtained by mixing sat. soln. 
of cupric sulphate and jjotaaaium hydrucarbonatc, to Atfiiul for some houra, II, IVbr&y 
likewise obtained a potassium cupric carbonate 1 by heating basic cupric mlmki with 
potassium hydiocarbonato with a little water in a sealed tube. According to M. Grogfr, 
the products are contaminated by basic cupric cmiioiia.to. The last named prepared a 
productof the composition jfKjt’Oj tfCtiO, 7170**171^0, by dLMAolving 20 gnus, ot pgtagwmin 
hydrocarbonato in 50 c.e. of cold water, mid dropping the auin. ulowly into 2L) c,c. of 
a A'-noln. of cupric sulphate. Tho precipitate wan pressed on porous tiles, and di i+Hl m 
air. T* li, Wood and H* 0. Jonoa believe that M- GrGgur’n salt is a mixture. 


W. C. Reynolds prepared potassium cupric carbonate, KXO^CuCOjj, by adding 
13 grma. of finely powdered cupric acetate to 7U c r c, uf a tone. soln. of potassium 
carbonate of ap. gr. 135 at 65°. The mixture was rapidly filtered through glass 
wool, and the filtrate set aside. In about 48 hrs., the crystals were drained by 
suction on toughened filter paper on a Buchners filter plate ; washed with a 
mixture of alcohol with half its vol. of glycerol (which floats on the salt soln. without 
mixing with it); when all the mother liquid is displaced, the washing is completed 
with alcohol alone until the glycerol is all removed ; the crystals are then dried in 
vacuo over sulphuric acid. The product contains three kinds of crystals (i) dark 
blue six-sided plates of the anhydrous salt; (ii) light blue silky needles of the 
monohvdrate, K 2 Cu(C0b) 2 .H 2 0; and (iii) large greenish-blue square plates of the 
tetrahydrate, K 2 Cu(CG a } 2 AH 2 G. The last-named cry stals can be separated by hand. 
The anhydrous and monohydrated forms appear to be deposited indifferently from 
soln. of the same cone, and temp* The copper soln, decomposes slowly when heated 
to 65°, and rather quickly at 85" cupric oxide being precipitated ; if, however, 
a Urge quantity of the acetate is added, no black precipitate forms even at 100" 
hut a green powder of the composition, Cu 2 (GH) 2 CQ;j. According to T, FL Wood 
and H* 0* Jones, the same potassium cuprio carbonate is obtained by shaking for 
several days a soln. of 100 grms, of potassium carbonate in 100 c.c. of water with 
a mixture of the basic copper carbonate* CuC(^.Cu(OH) 2 .2H s O, potassium car¬ 
bonate, and hydrocarbonatc in the proportions required by the equation: 
CuC0^.Cu(0H) a .2H 2 O-h2KHCO 8 d-K 5 CQ s ^2(CuCO i .K a C(Xj)H-4H 2 O, The double 
salt decomposes in contact with water, with the production of basic copper car¬ 
bonate. A soln, of potassium carbonate containing 85 grms, to 100 c.c. of water 
dissolves the double carbonate, forming a deep blue soln., which, if not sat. with 
copper carbonate, does not change on boiltog. 
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§ 20+ Copper Nitrates 

Id his Futnis rmis phUojtophicis (Amatelodamj, 1043), J. R r Glauber described 
a dark green mass which he prepared by evaporating a eoln. of copper in nitric 
acid. R+ Boyle 1 also described the crystals which he obtained in a similar 
manner, and in 1685, he noticed that the eoln. coloured a flame blue and green, 
F, Forster and F+ Blankenberg found that an ammonkcal eoln, of cupric nitrate 
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is reduced by' copper almost completely to the cuprous salt, when air is excluded. 
There is probably a state of equilibrium between cupric and cuprous ammino- 
nitrates. According to J, Sloan, when a solm of cupric nitrate in liquid ammonia 
is left in contact with copper foil until the soln, becomes colourless, the salt., 
cuprous anmuiHWUtrate, CuROy.2NHg, is formed. F. Ephraim* also prepared 
this salt and noted that while the cuprous halides form triammines, the nitrate 
and thiocyanate form diammines, and cuprous cyanide only forms a monammmo. 
If the ammonia is allowed to evaporate gradually, CUptOUS nitrate, CuN0 3 , mixed 
with a little cupric nitrate is formed. Cuprous nitrate rapidly oxidizes when 
exposed to air t The action of nitric acid on copper has been discussed in 
connection with the metal. A soln. of the nitrate is best made by the action of 
dil, nitric acid on the imstal, on the oxide, hydroxide, or carbonate. According 
to W, JiigiT, a litre of tf-HNOg dissolves IV4BU2 grain-atom of copper, forming 
the nitrate. According to T. Graham, a basic nitrate is formed when cupric 
oxide is drenched with cone, nitric acid, even though the acid be in excess. 
The resulting green powder is to a large extent insoluble in water. With nitric 
acid of sp. gr. 3 -13, ouprie oxide is wholly converted into the nitrate. W. N. Hartley 
made a soln. of cupric nitrate for his spectreaeopic wort, by digesting 1(A) e.e. of 
3A r -HNO :t with cupric carbonate for two or three days, When the suln. neutral 
to litmus was diluted to 200 r\c, with distilled water, and allowed to stand for some 
months, a deposit of cither the hydroxide or carbonate is formed -most probably 
the former. 

According to T t Graham, the aoln. of copper in dil. nitric acid is at first green, 
but it changes to a blue colour when it has stood for some time—possibly owing' 
to the formation of a higher hydrate. When the 
suln. is cone, by evaporation, T, Graliam noted 
that dark blue prismatic crystals of frihydrated 
cupric nitrate, Gu{NO a ) a .3H a O, and paler blue 
rhomboidal plates of hexahydiated cupric nitrate, 

CufNCy^bHzO, arc formed. R. Kunk also pre¬ 
pared crystals of enneahydrated cupric nitrate, 

CufNO.jhj.yFIjhO. The temp, range of stability of 
these three hydrates is indicated in Fig. AN, The 
trihydrated salt was prepared by J. H. Gladstone, 

H. 0. Jones and H. P. Bassett, and C. b\ Gerhardt. 

The latter thought that the. salt was tetrahydrated, 
but T. Graham’s analyses showed that, owing to 
the hygroscopicity of this salt, high results were 
obtained in the determination of the com hilled 
water. J, Ordway, and R. Funk showed that the 
trihydrated salt is obtained when the salt is allowed 
to crystallize from its solu at a temp, over 2(J D . 

A, Ditto obtained the name salt by heating the hexa- 
hydrated salt until red fumes appear, and then 
crystallizing the product from a hot soltc in fuming nitrie acid ; H. Leseueur heated 
the hexahydrate to G5"—J, Ordway says 26'4 & ; T. Graham converted the hexa- 
hydrate to the trihydrate by keeping the former iu vacuo over sulj>huric acid for 
anight; if kept longer, more water is slowly given off. According to 1L Mitecherlich, 
the trihydrate is precipitated as ^ crystalline powder when nitric acid of sp. gr. 1 Wl 
is added to a sat. aq, soln. The hexahydrated salt was prepared by J, L. Ftoust, 
T. Graham, H. Lescreur, and by H. C. Jones and H. P. Bas&att—the latter by 
cooling a soln. of the salt between 0° and —10° ; and they also obtained the ennea- 
hydrate by cooling the soln. between —20° and —24°. R + Funk showed that the 
enneahydrate is obtained by auction from the melting cryohydrato which freezes 
at --24 c . According to A, Ditte, anhydrous cupric nitrate, Cu(N0 3 ) 2 , can be 
obtained by cooling a soln. of the hydrated salt in hot fuming nitric acid which has 
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bean heated until red fumes appear. A. Guntz and M. Martin used a similar process. 
Anhydrous nitrates of the heavy metals—mangancse, copper, nickel, cobalt^ etc.— 
have been prepared by the action of nitric anhydride or of a soln, of this compound 
in nitric acid, upon the hydrated salts of the metals. The product is white with a 
green or blue tinge. 

L, Playfair and X r, Joule found the sp. gr. of the trihydrate is 3 017 (3*9°)* 
The cryohydric point is -24 D ; the transformation temp, of the erniea- to the hexa- 
hydrate is —205°; of the hexa- to the tri-hydrato about 24'5°; ami the metastable 
m.p, of the hexahydrate, 2fi 4°, A. Guntz and M, Martib say the anhydrous salt 
begins to decompose between 155° and 160 u . According to J, Ordway, the trihydratc 
melts at 114’49“ freezes at 9h'5(T, and bolls at 170°, with the evolution of nitric 
acid, and the formation of a phasic salt; T. Graham noted the formation of a basic 
salt at 6a\ The trihydrato has a caustic metallic taste and cauterizes the skin. 
According to J. L. Proust, the hoxahydrate mclto at 38°; JJ. Funk, and X Ordway 
give 2&i°j At which temp, the salt decomposes into the trihydrate and water. 
According to T. Graham, the hexahydrato rapidly loses half of its combined water 
in vacuo over sulphuric acid ; the remaining water is retained more strongly because 
only a small proportion is lo«t in two days. According to P. Sabatier, the hexa- 
hydrate can form the trihydratc by efflorescence in air. The vap. press, of a 
soln, sat. at 20* is 7'9 mm. The cupric nitrates are all deliquescent. X Thomsen 
found the heat of sola, of the hoxahydrate in 400 mob of water is -10 71 Cals. 

P. Sabatier gives —10 5 Cals,; he also gives for the heat of sob. of the trihydratc 
—2'5 Gals, at about 15°; and for the heat of hydration CufNC^J^.'JH^Oaoiid 
+Gals, or 1'3 Gala, per mol of water, A. Guntz 
and M. Martin give 10 47 cals, for the heat of sob. of the anhydrous salt. J. Thomsen 
found the beat of formation of the salt in aq. aohi. is given as (Gu, 0, N^O^,,)—52‘41 
Cals, and (Cu, 2N, 60, fiH^Oj^ya y Gale. J. Thomaen found the heat of dilution 
of a soln. of a mol of cupric nitrate in 10 mols of water with w more mols of water : 

ft . . . J2 IS 20 60 100 m 

Gals, , .474 744 040 904 770 720 

R, Funk's values for the solubility S of the ennea- and hexa-hydratca, expressed in 
per cent, Cu(NQj) 2p are: 

-E3" -fil J -20* -HI* -lit* <P 10* an 3 20’4* 

S . . Jtfl'Wt 37-:W 40 02 S9-r>a 42’US 45 - 00 48-79 5553 (Mfl 

Solids CottfOjJa.UHiO CutMV^llUjO 

These results are plotted in Fig. 39. The corresponding numbers for the trihydrate 
we: 

£5° w 40* ftp m a 7(T BO* 1 H’6" 

A 1 ■ « 00 01 E50-44 01 51 02'02 04 17 05-79 9751 77 50 

E. Mitecherlich found the salt to be soluble in nitric acid, but it is precipitated 
from its sat. soln, by nitric acid, aw indicated above. F. Palm has also studied the 
reaction. According to A. A. Noyes and A. A. Blanchard, a soln, of 48 gnus, of the 
salt in 10 c,e. of alcohol is pale blue, and green when diluted with five times its vol 
of water. 

The specific gravity of sob, of cupric nitrate has been determined by B, Franz 3 
at 17'5 C ; C, Bender at 13° ; by J. U, Hassenfratz at 12 5° ; by II. C. Jones and 
H. P. Bassett at 0°; and. H. U, Jones and J. N.' Pearce at 0°. The results by 
J, H, Hassenfratz are ; 

Ter cont, Cu(NO,] t .1 & 10 20 30 40 50 fill 

Sp.gr, , , . 1-0050 10320 1 0655 1-J35G 1'23!!0 13320 14440 15205 

E, Trueste found that if D and /><, respectively denote the sp. gr, of a soln. of cupric 
nitrate, and of water, at 15°, the cone, of a gram of the sob, is H2679(D—At) 
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—0 , 25321(Z>—Z>o) 2 . J. Traubo calculated the molecular solution volume from 
F. Kohlrausch’s measurements of the sp* gr. (IS 0 /!*), whore for soln, with 5, 2 5, 
and 35 per cent, of Cu(NC^) 2 , the sp> gr, was respectively 14)43, V248, and 1'377, 
and the mol soln. vol, 29'8, 36 0, 40 5. M. Simon found the capillary rise for a 
sat. soln. to be 1012 (water unity). S> Arrhenius has measured the viscosity of 
aq. soln, of cupric nitrate, and J t Wagner found at 25° of JV-, £iV-, JA T -, and JjV-soln. 
to be respectively 11722,10802,10400, and 10179 (water unity). J. C. C. de Marig- 
nac found the Specific heat of soln., between 18° and 50* with 187’3 grain-eq. 
of the salt in GO, 100 , and 2J) c.e, of water, is respectively 0825G, 09475, and 0'9882 ; 
and the molecular heat, 898, 1788, and 3588. W. Bcetz found the heat con¬ 
ductivity between 8* and 14 D for solo, of sp. gr. 1187 and L'455 to be respectively 
10242 and 0 9782 (water unity) ; and between 28^ and 38°, for eoln. of sp, gr. 
1197 and 1'4G5, respectively 10000 and 08504 (water unity). F. Rudorff, 
El. 0. Jones with F. H. Hetman, H, P. Bassett, and J. N. lVant-e have measured the 
lowering of the freezing point. For twin. of 00591 mol per litre, the mob de¬ 
pression is 5 52 ; and for soln. with 2 3630 mols per litre, 9'2(J. A. J. Rossi found 
the osmotic pressure of soln, with 0 5 mol per litre to be greater than with calcium 
or strontium nitrates. 


0. Ohencvcau, and H, (I Jones and K. It. Hetman have measured the index of 
refraction of soln. of cupric nitrate ; the latter find for soln. with 041591, 0 4726, 
and 1 1815 mol per litre, these indices are respectively 1 32751,1 32979, and 1*35961. 
The absorption spectra of soln. of cupric nitrate have been studied by T. E wan¬ 
ing cupric chloride. According to K. Franke, cone, aq + fsolm of the salt are much 
more ionized than corresponding soln of cupric sulphate. The electrical conduc¬ 


tivity has been measured by U. 0. Jones with F. H. Hetman, A. P, 'West, II. P, Bas¬ 
sett, J. N. Pearce, E. Franke, A. 0, Becquerel, and E. Boutv. For soln. with a 
mol. of the salt in v litres, the molecular conductivities /i at 0° and 35°, and the 
degrees of ionization a, are : 


2 

8 

ns 

;!2 

128 

512 

1024 

(jU'3B 

&IWH 

9X0 

!>0 L 5 

lUXO 

117*7 

U9-8 

07-0 

722 

77 0 


91 0 

OB'S 

1000 

1471 

IBS‘5 

2U4-0 

2194) 

345 0 

266-6 

27 F7 

541 

694 

75 J 

HO 4) 

90 2 

03 0 

100 0 


The corresponding temperature coefficients have also been calculated. H. Hcrwig 
found that raising the pressirw did not affect tins resistance of soln. of cupric nitrate. 
The transport numbers have been measured by (j. Wiedemann, A. Chuasy, and by 
G. Carrara. According to JL C. Jones and J. N. Pearce if n mola of are 

dissolved in a litre of water, then: will be in mols of solvate water per mol of the salt; 

n . 0-025 0 05 U -25 0 5 U-7j1 OIOS I -.1 2'Q 

m . J[],V2 4«7 324 225 2315 2P3 1833 1732 


A. Renard, and H. Jalin have studied the electrolysis of soln. of cupric nitrate, 
U. W. Bennett ami 0. 0. Brown studied the potential of cells with a rotating anode— 
vide cupric sulphate. 0. Liebknecht and A. P, Wills 4 andti. Che neve an respectively 
found the magnetic susceptibility to be 8-7 xlu - * and 9'l xlO 0 mass units. 

The salt has strong oxidizing properties which are dependent on the ease with 
which it is decomposed. It is accordingly used as an oxidizing agent in dyeing 
ami in calico printing. 5 L* V. B^ugnatelli noted that when cupric nitrate is pro¬ 
jected on red-hot charcoal there is a feeblo detonation ; and B. Higgins found that 
if some crystals are wrapped in tin foil, and rubbed, decomposition sets in and the 
accompanying rise of temp, may suffice to cause the emission of sparks. J. Priestley 
mentioned that paper soaked in the salt and dried readily inflames. According to 
I. Corne, cupric nitrate oxidizes phosphorus to hypophosphoric acid, H^PjO^. 

According to N. P. Wassilieff, cupric nitrate reacts very slowly with benzene 
at 100°, but faster at a higher temp. B. Lachowicz found that cupric nitrate 
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readily unites with aminoniaj and with the amines of tho fatty acids, pjrridine, 
piperidine, quinoline, aniline, and tohirrfinc , h and not *o readily with dimethyl 
aniline, and mcthylanilitie, A. W. Hperansky and E. 0. Goldberg studied the 
electrolysis of pyridine soln. 

R l C. Franklin and C\ A. Kraus* studied tlin electrical conductivity of soln, of the 
salt in liquid ammonia, J. J. Hmeiius, K. Kane, and P. PikIhcIiii^ prepared CUpriC 
tetranunino-zutrate^ CiifNiy^JiTHg* by gat mating a soln, of cuprit j nitrate with am¬ 
monia. Tho precipitate which is at first formed redisaolves, and the liquid deposits 
crystals of the salt bn cooling, D. W. Horn mommemlbd mixing a hot soln, of 10 
grm. of hexahydrated cupric nitrate with d c,e. of water and 55 c ,c. of aqua ammonia, 
of sp. gr. Ci'9, and shaking tho mixture till all is dissolved. On cooling, tho crystals 
which separate are dried by press, between filter paper, and standing in a desiccator 
over potassium hydroxide. The blue needle-like crystals belong to the rhombic 
system, and I, €♦ G. dc Marignac found the axial ratios a: h; c --i> 51Tb : l : f)'ti350, 
R< Kane showed that when the crystal* are heated, they lost) traces of ummoniu 
but no water, and the angles may have blackened tips due to the formation of 
cupric oxide. The crystals are readily soluble in water from which J r ( f r Berzelius 
crystallized the salt unchanged. According to F, Ephraim, the deep blue tetram- 
mino-salt is converted into a similarly coloured he xa mini no-salt I alow 15°, and 
dccomjioses above SJ05° into indefinite products. E. liosenbohm found the magnetic 
susceptibility of the crystals of the tetrammino-nitrato tu be 551 voL units, 
and 1409x10"* mass units. According to D. W, Horn,tho crystals of the tetrammino- 
nitrate are soluble in approximately their own weight of liquid ammonia, forming 
cupric pentammino-iiitrate, CidNO^.oNHj, which decomposes: Gu(NG J ,) s: .5J!TH a 
=NH a -pCu(N(^) 2 .4NHg between 15 30° and 15 32° at 7(iU nun, press. D, AV. Horn 
also prepared a still more complex salt 4Cu(Nl^)o.23NH a --possibly cupric Aexattb 
mijtfi-mtftfti}, Cu(NQi) a+ fiNH s —by the action of liquid ammonia on the te tram mine- 
salt. "It rapidly loses ammonia when exposed to air, and its dissociation temp, 
is 15° at 7(i0 mm, press. If a mixed soln. of cupric and ammonium nitrates be 
evaporated, decomposition attended by violent detonation occurs at a certain stage 
of the cone, F Forster and F. Ehmkenberg found that ciqjru; nitrate, in 
ammoniacal rain., is reduced to cuprous nitrate by copper. 

J, Priestley 1 mentioned the form at ion of a blue precipitate when asoln. of cupric 
nitrate is heated, and the redissolution of the precipitate when the mixture ih allowed 
to stand in the cold; the precipitate appeared again us at lirst by re-heating the 
floln. J, L, Proust obtained a similar crystalline precipitate of tho composi¬ 
tion 07Cu0.ltiN»O ft .l7lI a O“possibly 4Cu0,N a 0 ri ,H 8 0 or ('u.iN'gOg.SllgO, or 
Cu(N{yg,3Cu(OH) 2 , because L, Bourgeois found that bluish'green crystals of 
Cupric trihydrosy-nitrate are formed by evaporating an aq. soln. of cupric nitrate 
on a water-bathi and washing out the soluble matter with water. A basic cupric 
nitrate was prepared by J. L, Proust, C. F. Gerhardt, T, Graham, and L, Griinhub 
by heating cupric nitrate to about 170° > and extracting the mass with water. In 
aU these cases the hydrolysis of an aq. soln, of cupric nitrate occurs, which is more 
marked the higher the temp. 

J, L, Proust, F, Field, and E, Reindtd prepared basic cupric nitrate by treating 
a eoln. of cupric nitrate with alkali hydroxide insufficient for complete precipitation ] 

C, F. Gerliardt and H. Kiihn used ammonium hydroxide, and J. Habermann con¬ 
sidered that the pale blue granular product obtained by dropping dil. aq, ammonia 
into a boiling cone, soln. of cupric nitrate, caoljng the mixture, washing the pre¬ 
cipitate by suction with cold water before blackening begins, and drying in a 
desiccator over quicklime, has the composition CujN^ta.OufOH^.OuO, but it is 
usually regarded os euprio trilkrfroxy-IUtr&te, Cu(NO;j) a ,3Cu(OH} 2 , L, Bourgeois 
heated a soln. of cupric nitrate with urea in a sealed tube at 130°. J. H. Glad- 
atone prepared the basic nitrate as an amorphous mass by treating cupric nitrate 
with the hydroxide; while P. Sabatier used 4CuG.H 2 0 (cupric oxide would not 
do), and obtained a green micaceous pdwder. N. Athanasescu bodied a cone, aq. 
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fioln, of cupric nitrate for savors! hours with cupric carbonate, and then heated 
the mixture in a Healed tube for several hours at 300° and obtained small emerald- 
green crystals of the basic nitrate. B. Bourgeois, and H, L. Wells and S. L. Funfield 
prepared a variety of the basic salt Cu^NgOpSHaO in dark green monoclinic plates 
by boiling a solm of cupric nitrate with copper, or by heating the mixture in a 
sealed tube at 150". A. Mail he found that the same basic salt could be obtained 
by heating a soln. of cupric nitrate with nickel oxide, hydroxide, or carbonate. 

AV. Spring and M, Lucion found that when cupric hydroxide is kept in contact 
with a so]n. of potassium mfcrate at 15°, basic cupric nitrate is formed which decom¬ 
poses at Tiittsoheff, and D. StrdmhoJm boiled a win. of ammonium nitrate 

with precipitated cupric oxide and obtained what they regarded as basic nitrate 
of the composition J2Cu0.2N 2 0 6r 12H £ 0, that is, 2Cu(N(^) s J^u(0H) l! ,r[SH 2 0. 
A. Vogel and 0, Rcischauor psswed nitrous fumes, into water with cupric 

hydroxide in suspension, and they also boiled a mixed solo, of cupric nitrate and 
potassium nitrate, and obtained greenish-blue plates in both cases. F. P + Dewey 
treated cuprous oxide with an excess of a cold soln. of silver nitrate, and obtained 
the basic nitrate CufNO^.SOujQH)^ i,e. 0u 4 N 2 0y,3H £ 0—H. Rose used a similar 
process, and C, F. liammdsbcrg believed that the product had the composition 
3(]u(Nfy 2 .7^uO, or Cu :o NeO g fl, but II. L, Wells and S, hr. Penhcld regarded the 
product an a mixture. (1. Rousseau obtained bluish-green tliin plates of basic 
nitrate by heating trihydrated or hexahydratud cupric nitrate between 180° and 
3.‘K> U with marble, in a sealed tube for £4 A9 lire. ; and L, Michel found that a 
film of crystals of this same salt arc formed on tile surface of Iceland spar which 
has hern lying for a few years in a soln, of cupric nitrate. A. Cassolrnann, J. fl. 
van lb mi melon, and K. Jvluss obtained the basic nitrate by heating a boiling 
drb solo, of cupric nitrate with formate of sodium, calcium, barium, or lead; 
with tlm acetate of potassium, sodium, copper, silver, calcium, barium, magnesium. 
Bine, cadmium, manganese, nickel, cobalt, or lead; or with sodium and barium 
propionates ; or with sodium valoriate, Conversely, the same product is obtained 
by treating cupric acetate, propionate.*, or valerianate with the nitrates of the above 
metals excepting silver and strontium. 

Cupric tri hydroxy nitrate, 0 u{N0^)h Z .30u(0D) 2 h occurs or a mineral in the copper 
mines ate Jerome (Arizona), etc., and it was named arrhardtil#, in honour of 
C r F r Gerhardt; and W. Lindgrcn and W. F, Hillobrand regard it as a product 
of the action of water on cupriferous porphyry. Some analyses correspond with 
tile composition : 0u(2fO 3 ) 2i 3f!uO,H a O, instead of Cu(NC^) 2+ 3Cu0.3H 2 0, as indieatfid 
above. II. L. Wells and S. L. Fen lie Id assume it to be the hydrate of an hypo¬ 
thetical nitric acid, H|jN0 4 , H(Cu 0 H) 2 N 0 4 , as indicated above. J. F, Cooke 
gives without any satisfactory evidence (HO^fCuOllJij.CuO^.NoO; N. A than a- 
nescu, and A. Werner respectively, give 


(h O.OuOH 
HO' ^ShCuOH 




The latter thus regards the basic salt as a hexol-cupric salt. 

This basic wait is dark green, emerald green, or bluish-green in colour. H. L. Wells 
and Si L, Penficld regain! the mineral as belonging to the rhombic system with 
axial ratios a : b : c—GEJ3175 : I : 1*55117, and, as indicated above, they prepared 
a monocliuie variety ; the hardness is 2, and the sp. gr, 3 41-3 420 ; L. Bourgeois 
gives 3 41. According to T. Graham, vety little decomposition occurs at the m.p. 
of lead ; at higher temp, nitrdgen oxides, oxygen, and water are given off* 
N. Athanrsescu says that water begins to come off at 160*~165 & , and nitric oxido 
at mf ; at the same time the salt begins to blacken. L. Urunhut found that a 
prolonged heating at 200° gives cupric oxide. The basic salt is stable in air; in¬ 
soluble in water; mid soluble in dil. acids. A, Caaselmann found that the pre¬ 
cipitated salt slowly become# brown on standing under water, and finally block; 
and J. M, van Bemmulcn noted that the basic salt becomes grey when boiled with 
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water, G. Rousseau and G. Tit$ tested the salt with water in a sealed tube at 
100° lor 20 hrs,* and found it decomposes completely into cupric oxide and nitric 
acid. J* J1 van Bemmelen decomposed the salt into cupric: hydroxide by treating 
it with alkali hydroxide. G, Rousseau and G. Tito say that the temp, of decomposi¬ 
tion is lower than the temp, of formation, and that the heat of formation is over 
10'5 Cola., while the heat of solmof the solid nitrate in an excess of water is 10'S Cals, 
at about 100°; but P, Sabatier gives for the heat of formation Cu(NOa)£,3H 2 Q,ioiia 
+3(^10^=121 Cals, The crystals of gerhardtite have a strong negative double 
refraction; they have a marked pleochroiam, being blye in the direction of the 
oaxis, and green in the direction of the other two axes. 

A. Massink studied the ternary system, CufNty^NaNGj—H^O, at 20°, and 
the ternary system, CufNQjg^CuSQ,—H^O* at 20° and 3.V, but obtained no 
double salts; he also investigated the quaternary system, Na li S0 4 —NaNO a 
—Cu(NQa} a -CuS0 4) at 20 a , hut obtained no new complex salts. K. A, Hofmann 
and E 0, Marburg reported the preparation of bluish green CUpric hydrazine 
nitrate, Cu(N 2 H 4 )(N 03 ) 2 , which explodes when heated or on detonation. 
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§ 30. Copper Phosphates 

No one haa yet prepared cuprous orthophosphate, CugPO^, although E. Pochard 
obtained what he regarded as atmmnium cuprous orfhophosphale f or ammonium 
phosphato-CUprite, by adding hydroxylamine to cupric sulphate until the soin. 
was decolorized, and then treating the mixture with a soin. of ammonium dibydro- 
phoaphate. Y. Auger also claims to have mode cuprous met&phosphate by adding 
metaphosphorie acid at a dull red heat to an excess of eopper turnings contained 
in a platinum capsule provided with a lid and heated to a similar temp.; the copper 
dissolves with tho evolution of hydrogen and the mass becomes brown. The latter 
is immediately oxidised by air, but if the mass is poured oil from the unafctacked 
eopper into a platinum crucible and protected from air* on coolmg it deposits lamella? 
of copper in weight equal to that subsequently found in the residual mass in the 
form of cupric phosphate. The cuprous metaphosphato formed is thus stable at 
a red heat* but decomposes on cooling into cupric metaphosphato and copper. If 
the fused mass of cuprous metaphosphato dissolved in excess of mofcaphospboric 
acid is allowed to fall In small drops into jnuthyl chloride, transparent, vitreous* 
pale yellow beads of cuprous metaphosplmtc dissolved in excess of mctaphoaphoric 
acid are obtained. These can be kept in a sealed tube for some days, but 
gradually become reddish-brown and opaque. Tim change occurs immediately on 
warming, 

E. Mifcflchcrlieh 1 obtained normal cupric orthophosphate* Cu 3 (P0 4 ) a .3H 2 0* as 
a bluish-green amorphous precipitate by adding an amount of di&mmonium, or. 
dipotassium hydrophosphato, insufficient for complete precipitation* to the soin, 
of a cupric salt. J. Steinschncider used a great excess of cupric sulphate or nitrate. 
From the work of 0. F. ltammelsbcrg and R, A, Metoner* the composition of the 
precipitate deponds upon tho proportions and cone, of tho soin, employed, 

J + StKinwchnaider found that in pit^inrihg cupric phosphate) by the action of disexhum 
hytlrophoftphato on cupric sulphate tho following phosphates arc formed : By employing 
an sDCf-sfl of copper fwtjihaic, a double salt of tho formula UCusPjtVNal^rO* is formed ; 
if tho copper sulphate be prosant in veiy largo excess, C. F. ltBmmelsberg s H normal phosphate, 
CujFaO^ is formed. Both tliese flalta* if subjected to protracted washing undor press., are 
converted into tho compound 4CuD,B t U a , already described by H. Dohray* and C. Friedd 
and E. Sarasm. Sodium acetate precipitated the double salt ^CugrjOp.NaCjHaO. from tho 
filtrate. By employing on of sodium phosphate., two double salts arc formed, namely, 
2Cu s F,0 J1 .Xa l , Hi 1 Oj and 3 Cu 1 F t O fl ,Na J Hl , t> 4 ; the former is formed Hrst and is converted 
into the latter by continued washing* By the action of disodium hydrogen phosphate 
On cupric chloride, tho following phosphates aro formed : When an crews oj cupric chloride 
is empluyed* the double colt 3Cu^F 1 O s .2NaCl is principally formed* although sometime* it 
ie mixed with the phosphate, 4CuO r P a O a , and the oxychloride* CuO.CuCl ,; in one oaee 
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the salt hod the formula 5Cu t P|Og.3N r aCl. If an excess of the todium phosphate is employed, 
the same phosphate, SCu 1 P,O ll .2NaCl 1 in formed ae in the case of employing an excess of 
ouprio chloride. By the action of the sodium phosphate on cupric nitrate the following 
phosphates are ohtainod : By employing a slight «?cwfl of the cupric nitrate, the double 
eajt UUiPjOH^AhliP*^ is formed, whilst if the cupric nitrate is present in ^ery large excess, 
the normal phosphate, Cu 3 l J a U s , together with a email quantity of boric cupric nitrate, ia 
obtained. If an crcra* of the sodium phosphate is employed, a double flail of the formula 
IflCuO^N^jO.SBnOf, is formed, which is decomposed by washing. 

H, Roso said that if two mols of the disodium salt are used with three mols of 
cupric sulphate, the salt 2CuHP0 4 .3H 2 Q or 4CuHP0 4 .QiH 4 (P0 4 ) z is precipitated, 
but the work of C. F. Rammelsberg Tenders this doubtful. J. Wciueck’s analysis 
makes the product a mixture and not a definite compound. A. Brcithaupt and 
C. F. Plattner say that the emerald-green amorphous mineral thfomholitt* has the 
composition 2CuHP0 4 ,3H 2 0, hardness 3 to 4, and ep. gr. 3A ; while A. Schr&uf 
regards this mineral as an arsenate. H. Dcbruy prepared the normal phosphate 
aa a crystalline powder by dissolving the carbonate Indil. phosphoric acid, and heated 
the soln. to 70°; he also heated cupric nitrate with calcium hydrophosphate below 
KXT\ V. Augur heated cuprous chloride with phosphoric acid to 180°^ It is 
questionable if the pure salt has yet been made. 

According to H. Debray, the salt loses water and becomes brown when it is heated. 
According to A. BarilK', cupric phosphate is insoluble in water, but soluble in water 
with carbon dioxide in solo. R. M, Caven and A. Hill found that in washing the 
precipitate with water, the salt is hydrolyzed, and a marked, hydrolysis occurs 
with hot water, H. llebray found the salt is rapidly hydrolyzed when heated with 
w^terin a sealed tube, forming basic phosphates several of which have been examined 
by J. Stcinschnoider, A. Reynoso, etc. According to J. Moser, cupric phosphate 
i a soluble iu nitric acid; according to H. Debray, in phosphoric arid, acetic acid, 
and, us B. W. Gerland also found, sulphurous acid, without forming cuprous oxide. 
C, Lory usee a soln. in hydrochloric and in his ]recess for determining bkarbonatee ; 
H. Debray also found the phosphate to be perceptibly soluble in soln. of ammonium 
salts; and R. M. Caven and A, Hill in soln. of cupric chloride or sulphate. It is 
also dissolved by a soln. of sodium thiosulphate, W. Skey and L. Grandeau obtained 
double phosphates by treating cupric phosphate with a soln. of potassium or 
ammonium magnesium phosphate. According to K. M, Caven and A, Hill, a 
cold soln, of potassium hydroxide produces no perceptible change, but on boiling, 
the precipitate becomes dark coloured, and is completely converted into cupric 
oxide. Cupric phosphate was found by II, Deb ray to be reduced to the phosphide 
when heated with carbon. II. N. Warren electrolyzed a soln. of cupric phosphate 
in phosphoric acid, and so obtained an acid of any desired sp. gr. The evaporation 
of a soln. of cupric phosphate furnishes a green stick}' maws of uncertain composition, 
and labelled, according to the older chemistry books, “ acid cupric phosphate,” that 
r is, cupric hydrogen phosphate. C, Luckow, and W. Borchers obtained a basic, cupric 
phosphate of unknown composition by electrolyzing soln. of sodium phosphate 
between copper cleetri lea; and when the phosphate is precipitated elcctrulyti- 
cally in a porous cell, il. N. Morse found it bo form a semi permeable membrane. 
L. T. Wright found cupric phosphate absorbs hydrogen sulphide, and A. Colson 
found that the absorption by the dty salt at 0° is slow but continuous; the rate 
of absorption is reduced by ’owering the press, and accelerated by raising the temp. 
J. Steinschneider found that cupric orthophosphate is decomposed quantitatively 
when boiled with a soln. of silve; nitrate, forming cupric nitrate and silver phosphate. 

It might be anticipated from the slow hydrolysis of cupric phosphate in contact 
with water, that many different basic cupric phosphates would have been reported by 
the early chemists who had no criterion other than analysis and the stoichio-metrical 
laws for recognising chemical comj. lunds. The phase rule test has not yet been 
applied. Hence, as might be anticipated, quite a number of basic cupric phosphates 
have taen reported, and a number otcur in nature as minerals, where the ratio 
CuO : P z 0 fl : H^O is 6 :1 :3; 5 :1 :2 ; *i: 1:3; 4:1:1; 4:1:2; and 4 :1:3. 
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Many are probably solid soln r ; alt are more or leas hydrated. Perhaps the moat 
important, basic phosphate approximates in composition to CupriG hydroxyortho- 
phogphate, ICuO^aO^.H^O, or Cug(P0 4 ) 2 ,Cu(0H) 2 , and its natural representative 
la the mineral hltfthewite. It was prepared by C. Frledel and E. Saraein in octahedral 
crystals by heating cupric carbonate or cupric phosphate with dil, phosphoric acid 
in a sealed tube at 160° ; H, Debray heated cupric phosphate with water in a sealed 
tube ; the formation of libethenite occurs at 100 ° if cupric nitrate or sulphate he 
also present^-to get fine crystals, however, 150° is recommended—and a rather 
higher temp,, 200 c , is necessary if cupric chloride be used ; and he found that libethe- 
nitc is formed by heating a mixture of cupric nitrate and calcium hydrophosphate 
to J. Steinschneider, and R, M. Caven and A. Hill found that the same 

basic phosphate is obtained by boiling the normal phosphate with water, or by 
the prolonged washing of this salt with water at 100 ° until its composition is con¬ 
stant, and then drying the mass at 100 °. 

The crystals of libethenite are rhombic bipyramids, and the measurements of 
AY, T. Se halier, and G. Melcser correspond with axial ratios a : b : c=U'96G5: l : 07030. 
The analyse* of 0. F, Rammdebcrg, H. Kuhn, F> Field, R. Hermann, and C. Bergc- 
mann are in tho main in agreement with the formula, fCuCXPgO^HgO, or 
CiigirOilg Cu{OH)jj ■ which P, Groth reduces to Cu{CuOH)P0 4 , and thus regards 
libetlumite as a basic cupric phosphate free from water. There are two more 
hydrated forme; one, which C. F. Rammelsborg designated paGudo-lihethmite) 
lias the composition 4Cu0.P 2 0 fi .2H 3 0, or Cu s (P0 4 )jj.Cu{0H) 2 .H 2 0, in accord with 
the analyses of O. Berth Sc r, and R, R hod ins. The other hydrate is called taffUite, 
and, according to A, Breithaupt, occurs in monoelmic crystals, and has the compo- , 
aition 4 CuO.PyO 5 . 3 H 2 O, or CuslPO^.CujOH^.iJHjjO, in accord with the analyses 
of R. Hermann and F. Field. It. Hermann found the sp, gr, of libethenite to range 
from 3 6 to 3'8, and that of tagiJite to be 3'50; A. Breithaupt gave 407G for crystalline 
tagilite, and 33 for the Jimorphoua mineral. The hardness of libethenite is 4, that 
of tagilite a little less. A, des Cloizenux has measured the optical properties ; the 
double refraction is negative, H. Debray found that water attacks the mineral 
with difficulty* and G. Rousseau and G. Tite that three days' heating in a sealed tube 
at 275“ had no perceptible effect. R. M. Caven and A. Hill add that “ the tenacity 
with which the single molecule of water remains in combination with the basic phos¬ 
phate is remarkable, since a dull red heat is necessary for its elimination. The 
ignited precipitate, consisting of Cujj(P0 4 ) a .CuO, was olive green in colour." It 
is soluble in acids and in aq. ammonia or ammonium carbonate, in a soln. of sodium 
hyposulphite. J. Steinsc buckler ob&crved no alteration when the mineral is boiled 
with a soln, of silver nitrate. 

There is a group of naturally occurring basic cupric phosphates called hwmtes, 
which A, Schrauf has shown can all be regarded as containing varying proportions 
of one or more of the three minerals : dihydrite, 5C11O.FjjO5.3H2O; ehlite, 
5 CuO.FjjO 5 .HjjO; and phosphachalcitv, 6Cu0.P 2 0 5 ,3H 2 0. The formula for dihydrite 
is baaed on the analyses of R. Hermann, J. A, Arfvedson, H. Kuhn, and A. Schrauf. 
The latter says the doubly refracting, dark green crystals are triclinic with axial 
ratios <t : b : c^=2 8252 : 1 : 153394, and a^89° 29'; £"91° 0 5'; and y=90° 39'; 
the hardness is approximately 5 ; the ap. gr. 4 4. The formula for ehlite is based 
on the analyses of A. Schrauf, who regards ehlite as a transformation product 
of dihydrite. The formula of phoaphorochalcite is baaed on the anafyses of 
R. Hermann, H. Kuhn, C. F. Rammelsberg, 0. Beigeinann, M. F, Heddle, 

A. H. Church, A. Schrauf, N. Story-Maskelyne and W, Flight, R. Rhodius, etc. 
The hardness is 4'5 to 5, and the sp. gr. 4'4. It loses no water at 30G 5 , The 
variety called pxeudomalachite has a ap. gr. 4'2, and suffers an appreciable loos of 
water at 300°. A. Hutchinson and A, M, Macgregor found the cmnetite from 
Mknbwa (Rhodesia) haa a composition approximating Cug{P0 4 ) 2 .3Cu(0H) 2 . The 
rhombic crystals have the axial ratios ail: 09&55 :1:07591; sp. gr. 470 ; 
and hardness 4 to 5. The optical properties agree with a mineral containing a 
voi. hi, ■ u 
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little cobalt (CoAijfOHJfPOj), named cometite by H, Buttgenbach* and obtained 
from Katanga (Congo), G. fk'saro found the axial ratios a: b : c—0 9844:1:07679, 

H. Schiff 2 found freshly precipitated and moist cupric phosphate dissolved 
slowly but completely in aq. ammonia, forming a dark blue liquid from which 
alcohol precipitates a dark blue syrup which soon forms greenish-blue anhydrous 
crystals of cupric tetramminMrthophosphate, Cu a (P0 4 } a ,4NH 3 . The salt can 
also be obtained directly by the use of alcoholic ammonia. Cupric tctrammmo- 
orthophosphate is sparingly soluble in water; it dissolves in aqua ammonia, possibly 
forming, according to H. Schiff, a hexam mine complex, although only the 
tetrammino-salt has been isolated. R, A. Metsuer obtained monoclinic prismatic 
crystals of a complex by similarly trcathig a eat. soln. of the basic phosphate in aq. 
ammonia. Analyses correspond with 2Cu0,3P a O ii 3)NH 3 .2lH B O. R. A. Metznor 
also obtained monoclinic crystals of the complex Cu(NH 4 ) 7 (P0 Hl ) 3 (NH 3 ) a ,7H 11 0 
by adding alcoholic ammonia to a soln, of an arid cupric phosphate in ammonia. 
E. J. Maumene claimed to have made 2CuO.P 2 0 s .8NH 3 from an ammoniacal soln. 
of cupric phosphate. 

According to J, Wrineck, 3 tbe well-washed precipitate obtained by mixing hotsoln. 
of two mols of cupric sulphate with three of disodium hydrophosphatc, when dried 
between 100° and 110°, has a composition corresponding with SNa^O.lPjO^.llOuO, 
and is probably a mixture of two or more salts, J. J. Berzelius and others have 
noted that beads of microcosmic salt, when sat, with various metallic salts, become 
opaque on cooling, owing to the separation of minute crystals of sodium phosphate 
and the metal phosphate. K. A. Wallroth has isolated these salts by dissolving 
metallic oxides in microcosmic salt or sodium metaphosphate at a bright red heat, 
and maintaining the glass in a fused condition until tho crystals separate out. On 
cooling, the mass is digested with water, and then with till, hydrochloric acid. With 
copper, a blue crystalline powder of sodium phoaphatocupraie, or sodium cupric 
phosphate, is formed, NaftCu a (PO^ or SNagPO^CuaCPOjs, which melts to a green 
transparent glass. L, Ouvrard obtained the same salt in dichroic prisms, probably 
monodime. If an excess of cupric oxide or sodium pyrophosphate be used, pris¬ 
matic crystals of sodium cupric phosphate, NaCidPO*), with an oblique extinction, 
are formed. If sodium orthophosphate bo employed as flux, a mixture of cupric 
and cuprous oxides, with some anioqihoug matter, is produced. C, Itaapo also 
prepared a soluble double phosphate by melting di.sodium hydrophosphatc with 
cupric and phosphoric oxides. 

L, Ouvrard prepared what arc said to lie pale blue tridime crystals of potassium 
CUprie phosphate, RCuTO^ by a method similar to that which he employed for tho 
sodium salt. Tim crystals were similar to those of the sodium salt. L. Graudeuu 
also reported the formation of a bluish-green crystalline powder of the same oofu- 
pound made up of small plates, by melting cupric phosphate with an excess of 
dipotassium hydrophosphate, L. Ouvrard also made greenUh-bluo monodime 
lamellm of potassium triphosplmtotetracuprate, of KCuPO^Cu^PO^, by fusing 
cupric oxide or carbonate with potassium metaphosphatc. As previously indicated, 
J. Stomach neider prepared salts with Cu 3 (PO*) 2 : Na 2 HP0 4 in the ratios 3:1, 
2:1* and 1:1; and also two sodium nupric fthloTophasphnivs with Cu a (PO t ) E : NaCl 
in the ratios 3 :2 and 5 : 3* but there is nothing to show if these arc really double 
salts, or mixed crystals (solid sain.). 

Cupric pyrophosphates*— A. Schwarzenberg* 4 A. Pabl* and J. IL Gladstone 
obtained blue amorphous cupric pyrophosphate—either Cu 2 i J a 0 7 .211^0 or 
Cujl^Or^HaO -1 by adding an excess of sodium pyrophosphate to a boIu, of a 
cupric salt; it becomes crystalline when boiled with sulphurous acid, or when 
precipitated from its soln. in aqua ammonia by the addition of sulphurous acid. 
No reduction occurs in either case. A. Pahl also precipitated the same salt from 
a eoln, of the double sodium and cupric pyrophosphate by the addition of sulphuric 
or hydrochloric acid. The compound loses half its combined water at 150 c * and 
when heated in a stream of hydrogen, it gives a sublimate of phosphorus trioxide, 
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and gives of phosphine and water. The residue ie cupric phosphide. The salt 
is soluble in aqua ammonia, mineral acids, and in a soln, of sodium pyrophosphate. 
The deep blue colour of the ammoniacal soln T is blenched by grape sugar. According 
to A. Colson, the salt is decomposed by hydrogen sulphide liberating 50 Cals, of 
heat. A. Schwarzenbcrg found a boiling aoln. of potassium hydroxide forms cupric 
oxide and potassium phosphate, while A. Strom oyer found a boiling soln. of disodium 
hydropbosphate forma sodium pyrophosphate and cupric orthophosphate. Accord¬ 
ing to A. Pahl, if a soln. of this salt in sulphurous acid be evaporated over sulphuric 
acid, it forms blue crystal of the pentahydrute, CujF 2 0 7 .bfr 2 0 ; and, according to 
A. Wiesler, the same salt is made by mixing solo, of 15 gnus, of pentahydrated 
cupric sulphate with one of 5 grins, sodium trimetaphosphutc, evaporating in vacuo, 
ana washing and drying the product. The salt is sparingly soluble in water, soluble 
in diL acids, and when heated it becomes green without melting. According to 
y. W. Clarke and J. S. Diller, Mexican turquoises may he regarded as mixtures 
of different proportions of pentahydrated cupric pyrophosphate, Ou^P^t^.511^0, 
and aluminium phosphate, 2 Al 2 G 1 .P 5 jO 5 . 5 HjO, J, Ft. Gladstone obtained evidence 
of the formation of an allotropic form, According to A, tinhwarzenberg, when the 
hvdrate is heated, it forms the anhydrous salt. G. Tannnanu also made the 
anhydrous salt hy melting cqubmolccular parts of cupric sulphate ami microcosmic 
salt, or phosphoric acid and cupric sulphate. Tin? pale blue salt is readily soluble 
in lint, hydrochloric or nitric acid ; and it is converted into sodium pyrophosphate 
and cupric sulphide by the action of a soln, of sodium sulphide. 

A. tSchwarzenberg found that when a soln, of cupric pyrophosphate in 
aqua ammonia in treated with alcohol, a cupric aninuno-pyrophoflphate, 
8 Cn 0 . 3 P a O fl .HNH 3 . 8 HoO, is formed. The salt is slightly soluble in water, and 
when hunted it becomes brown. According to H. Schilf, if a soln. of cupric pyro¬ 
phosphate in aqua ammonia be exposed to the air, it gradually loses ammonia, 
and gives green cry stale of the monohyd rated CUpHC tetramrainopyrophospihate, 
2Cu0,J J ;i O & ,4Nif i ,H 1 J O J that is, CiigPgOfANHig.HgO, which, when heated, form it 
bluish-white mass easily soluble in acids and aqua ammonia. When further heated, 
it forms white anhydrous cupric pyrophosphate. T. Floitmann and W. Henncberg 
digested cupric hydroxide with a soln. of sodium pyrophosphate in excess; and 
they also boiled freshly precipitated cupric pyrophosphate with a soln, of sodium 
pyrophosphate, filtered the hot soln , and cooled the mixture. The white crystals 
have a composition corresponding with Na 4 l J 2 0 7 , 3 (.IuH>l\ 07 , 7 H :! (>, that is, 
N^('ur 2 0 7 .Cu»P 2 0 7 .3iH 2 0, trieupric disodiam dipyrophosphate* NajjCugfPaO;)^ 

The crystals areinsolublc in water. AriniUarsalt.Na/M^Of.CiijP^VlUHjjO, 
or Na a (hiP 2 O 7 .3taj 2 r 2 O 7 ,20H.jO, was prepared by M. Stango by mixing a soln. oi 
sodium triphosphate with cupric sulphate until a permanent precipitate is obtained. 
The white crystalline powder is quite insoluble in water, and when heated, it 
becomes blue, green, and yellowish-green; it sinters at a high temp. 
After heating, it is still soluble in nitric and hydrochloric acids. A. Paid 
had previously reported the preparation of minute pale blue rhombic plates 
of Na 4 P 11 0 7 .Cu ;j F il 07 . 1 IJMi^ 0 , or NaiFaOT.SCusjPaO^SlHfcQ. He said the suit 
melted when heated and freezes to a pale blue crystalline mass; and that it 
is soluble in a soln. of the salt, liNajl^Oi.OujPgO;. When this salt is 
heated to 100°, and then extracted with water, A. l J ahl found that the 
soln. on evajjoration furnished a bluish-green crystalline mass of the com¬ 
position, 4Cu0.P 3 0 6 .5H a 0, or 2Cu(0H} 2r Cu 2 P 2 O 7 .3H 2 0, cupric hydroxypyro- 
phosphftte. This basic salt melts when heated and forms on cooling a green glass. 
It is soluble in a soln, of sodium pyrophusphate, with the separation of cupric oxide. 

When the mother liquid remaining after the preparation of the preceding salt 
is slowly evaporated, J, F. Persoz found that pale blue crystals of cupric disoaUun 
dipyrophoaphate, CuNa^Of.BHaG, or Na 4 p s O 7 . 0 u 2 P 2 O 7 . 121^0, are formed. 
A. Pahl's and T, Fleitmann and W. Henneberg's analyses of the salt, crystallized 
respectively at 40° and 100°, correspond with Na 4 P 2 0 7 .Cu 2 P 2 Q 7 ,l:$H 2 0, The 
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salt is sparingly soluble in water ; melts when heated and freezes to a pale blue 
glass or, if slowly cooled, to a pale blue crystalline mass. T. Fleitmann and W, flen- 
neberg and A. Pahl found that spontaneous evaporation oi the syrupy mother 
liquid from the preparation of the preceding salt gives blue crystals of the composi¬ 
tion : 3Na 4 Prj0 7 ,Cu g P a 0 7 .34(or 32)H £ 0, that is. Na^O^NaaCuPstV^lor 16)6*0, 
corresponding with hfizaaodium cupric dipyrophmphate, NaoCu(P 2 0 7 ) 2 .1 2 (or 16) H* 0. 
J. F. Fersoz’s analysis gave the lower proportion of water, A. Pahl’s the higher; 
when dried at KX) fl , T. Fleitmann and W* Henneberg found the salt has the com¬ 
position NftfiCu(P 2 0 7 ) 2 .2H£(). The latter also stated that the crystals are triclinic 
prisms, easily soluble in water, which sinter about 100°, and melt when heated to a 
higher temp. The alkali cupric pyrophosphates want studying in the light of the 
phase rule. A. Pahl and J, F. Fersoz obtained a pale blue mass of the composition 
cupric dipotassium pyrophosphate, K^Oy.CuaPzO^lJHaO, or K 2 CuP 2 0 7 .JH 2 0. 
The salt melts when heated, and freezes to a glassy mass. The salt is very soluble 
in water; zinc does not precipitate the copper, but iron docs so in a few days, 

F. Schwarz prepared what he regarded as cupric triphosphate 
5CuQ.3P a 0 6 .13H a O, by precipitation from the sodium salt sob. with a cone, sob. 
of cupric sulphate; but M. Stange expressed his doubts about the homogeneity 
of this product. F. Schwarz and Al Stungc obtained prismatic crystals of sodium 
cuprio trimetapfcosphate, No^CuP 3 0 1Ur l2H^ bom i not too dil. sob, of a gram 
of sodium triphosphate, 3Na a O.P 2 Or >s and 0486 grm. of pnntahydratod cupric 
sulphate. When heated the salt melts in its water of crystallization ; when further 
heated, the water is expelled ; ami at a red heat, it melts to a yellow liquid, which 
o& cooling forma a bluiah-grt^n glass. It is sparingly soluble in water, easily 
soluble in adds. 

Copper metaphoaphates. T. Fleitmann/ ami H, Maddrell prepared anhydrous 
cupriodimetaphosphate, CuP^, by mixing cupric nitrate with a dil. soln. of 
orthophosphoric acid, evaporating to dryness, and heating the product to 316°, 

F. Warschauer, and A. Glatzel prepared this salt by dissolving cupric oxide in 
phosphoric acid of sp.gr. 1 GSto 175, so that the arid is about 5 per emit, in excess. 
The dissolution lb assisted by heating first on a water-bath and then on a sand- 
bath gradually to 400°. The powdered mixture was washed with dil. nitric, acid. 
Accotding to G, Tammann, the insoluble form of sodium metaphosphate dissolves 
slowly in a cone. sob. of cupric sulphate. A rise of temp, hastens the rate of 
dissolution, and J, Muller obtained some copper metaphosphate from tlie sob. 

G. Tammann also obtained cupric dimetaphosphate by adding cupric sulphate 
to a sob. of silver metaphosphate ; ami he found ammonium metaphosphate 
swells up in a sob, of cupric sulphate, forming a mass soluble in excess; the 
sob. does not give a precipitate on dilution with water. 

Cupric dimetaphosphate so prepared was regarded by F. Warschauer as a 
tetrametapWphate, The salt is so sparingly soluble in water that R, Maddrell 
supposed it to be insoluble; T, Fleitmann found the salt to he almost insoluble 
in alkalies, easily soluble in aq r ammonia. According to A. Glatzel, some remains 
insoluble when the salt is extracted with boiling aqua ammonia. G, Gore says 
the salt is insoluble in liquid ammonia, A. Glatzel says the salt ia almost insoluble 
in most acids. The salt was found by T. Fleitmann to be decomposed by sob. 
ot alkali sulphides* but to be scarcely affected by hydrogen sulphide, T, Fleitmann 
obtained a dark blue crystalline powder of tetrahydratod salt, CuF 2 Q tt ,4H a Q, by the 
mixing soln. of cupric salts and alkali dimetaphosphates, Tins salt does not lose 
its water of crystallisation at 100“ but it does bo at a dull red heat with the simul¬ 
taneous volatilization of phosphorus pentoxide. The salt melts when heated to 
a higher temp, and forms on slow cooling the tetraiuetaphosphate* Ca 2 P< A.2* 
T. Fleitmann said the salt is insoluble in water, but A, Glatsel found 100 part* 
of water dissolve 1 £ parts of the salt, and it is easily decomposed by hot. cone, sul¬ 
phuric acid. 

T. Fleitmann* and A. Glatzel obtained dark blue crystals of ammonium 
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Oiipric dimetapllOSphate, (NH^) £ Cu(F 2 0 tt )j ! .4H i >0, by mixicg cone. solm of two 
tnola of ammonium dimetaphosphate with one mol of cupric chloride. By using 
a great excess of the former salt, T. Floitmann found the dihydrated salt* 
(NH 4 ) 2 Cu{PaO<j)3,2H a O, ia formed, but A, Glatzd could not verify this. The com- 
pound dissolves sparingly in water, for 10O parts of water dissolve two parts of 
suit, AH the water is expelled from the salt at 15U Q . Acids attack it with 
difficulty, it is readily decomposed by boiling cone, sulphuric acid. 

G. Tamrimnn obtained what was considered to be CUprie trimgtaphosphatfl, 
Cu^PsO^.iiHiiO, by mixing soln. of the sodium salt and cupric sulphate. The 
precipitate separates with difficulty, and by mixing cupric sulphite with the barium 
salt, a liquid is obtained which does not crystallize. The salt in said to be sparingly 
soluble in water, 004 grm. dissolving in a litre at 20° ; the salt melts at a white heat, 
A. Wieular and C. G. Lind bourn obtained only cupric pyrosulphate by G, Tammann’s 
process of preparation. 

A, Glatzel obtained what he regarded as anhydrous CUprie tetrametaphOflphate, 
Cua^Aat by the process indicated above for the dimetaphosphate The 

octakydmted wait, Cu^O^.dlLO, was also obtained by A* Glatzel in \taks blue 
crystal by treating a di!. soln. of ammonium tetranictaphcsphate with an excess 
of cupric sulphate. The water of crystallization can be all expelled by heat, and 
tiic anhydrous salt is formed when the mass fuses. The octahydrate is very sparingly 
soluble in water ; acids, other than sulphuric acid, attack the salt with difficulty. 
T. Fieitmunu, and A. Glatzel prepared anhydrous bluish-white crystalline disodium 
cupric tetrametaphosphate, Nu 2 GuP 4 O l2> by mixing cupric dimetephosphato with 
more than an equi-molecular part of sodium dmictephosphate. The dried salt 
is heated to 3fH) J . According to A, Glatzel, other metaphospbates are always 
present. Tho salt is decomposed by sodium sulphide soln., forming sodium tetra^ 
meta]>hos])}iiite r A. Glatzel also prepared blue crystals of tho tetrahydrate 
NagCuFfO^ATt^O, by mixing cone. solm of sodium dimetaphosphate and cupric 
chloride, and evaporating. The water of crystallization is expelled between 150° 
and 200 y , and OX) parts of water dissolve 2 L 2 parts of the salt. A. Glatzel prepared 
tetrahydrated dipotassium cupric tetrametaphosphate, K 2 CuP 4 Oi 2 .4HoO, in a 
similar way. The properties of this salt resemble those of the sodium salt. 100 
parts of water dissolve 1 72 parts of the salt. Cone, sulphuric acid readily decom¬ 
poses the salt; boiling acids attack the salt particularly if it has been previously 
calcined. Alkali sulphide soln. decompose the salts. 

G. Tammaun reported the formation of cupric pentamtitapbosphafe, Cu 6 {P s O ]6 } 2 
by mixing soln. of cupric sulphate and of ammonium pentametaphosphate. 
H. Liidert precipitated bluish-white cupric hexametaphosphate, Cu 3 F fl 0 13l by mix¬ 
ing sat, soln. of cupric chloride, and sodium hoxametaphosphate. The precipitate 
is soluble in an excess of either reagent, H. ltosc says that no precipitate is obtained 
if cupric sulphate be used. The precipitate is some times a pule green oily liquid 
which dries on a glass plate to a brittle glass. The oil dries to a sticky mass at 
100°. The aalt is sparingly soluble in water, easily soluble in acids. H* Liidert 
obtained evidence of the formation of sodium cupric hftxametaphosjrtiate, 
Na,[P n 0 1B ,Cu 3 P fl O|fl, by adding alcohol to the soln. remaining after the separation 
of the preceding salt. 
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CHAPTER XXII 

HILVm 

§ 1, The History of Gold and Silver 

emu ever yot ban had so much silver as not to di’siro mutv ■ nnd U jjoo^ile hti.vi' n 
suprmbundanco, they hoiird it, and arc not loss dcJi^lilF 3 d with ho doing L-han with putting 
il to use- Xknopiiom (f\ b.c,). 

Fhkiiistoric man probably discovered silver some time after gold, and gold 
possibly before copper. Native silver is not nearly so com men sia gold, and it is 
not likely to have attracted attention so early, Pliny writes in bis ft infant* nut ft* 
wits (33, 31) that silver “is never found but in shafts sunk deep in the ground, 
and tii«n i are no shining spangles to raise hopes of its existence as in the ease of 
gold." Silver was not known to the Aryans before the linguistic separation, ainer 
the Latin, Greek, and Sanskrit names were formed independently. The philologists 1 
tell us that the Latin aryenltm is derived from the Aryan root rtutj or mg, 
meaning white, bright, or shining ; the Greek term is npyupis, and both the Greek 
and Sanskrit terms have the same root with a different suffix; the Gotlue 
silubr— 'Icelandic xilfr, English silver, Ilellandic silver, Swedish srifver, Danish julr, 
German siller— is believed to be a loan-word from the Assyrian sarpUt and to indi¬ 
cate that the ^erm travelled to the Baltic nations from the Engine along the trade 
route via the river Dnieper* The Celtic argut (Old Irish) shows that the Celts 
probably obtained the term when they invaded Italy about 390 n.O. 

Silver occurs native in Spain and Armenia, and silver ornaments have been found 
in Spain in tombs of the early bronze age. The Phmnician traders probably carried 
silver from the Spanish mines to Greece between the twelfth and tenth centuries 
no., since the metal is not found in the oldest -Phoenician style of tomb in Greece 
of 11 io twelfth century, but is found in the more recent tombs at My cornu—earlier 
than the tenth century. Silver is not found in the Italian pile dwellings of the 
bronze age, but appears in those of a later date—100-500 me. There were mines 
in Persia, India, and China. 

In his History mlumtist (33, 31), Pliny gives an account of silver ore qu& sequent 
inset nia cat--the next folly of mankind after gold ; and he describes a process of 
fusion and cupcllation with lead for isolating the silver, Strabo, also, hi hi* 
Geographic (3. 2) describes the process of extracting silver from the ore at Carthagena. 
The ore was washed and sieved five times ; fused with lead ; and then cupelled for 
argentum purum. 

Gold and copper were probably the first metals to be worked by primitive man 
and the evidence shows that both metals were known to the early Egyptians and 
Babylonians as far back as history goes. Both metals are fairly widely distributed, 
and the glittering yellow metalloid, in the sandy beds of so many rivers, must have 
attracted man’s attention at very early periods, and it is mentioned in the earliest 
writings of civilized man. Representations of quartz-crushing and gold-refining 
processes have been found on the rock carvings of Upper Egypt, the earliest of 
which is supposed to date back 2500 me.— cf< Eig, 1, Cap, I. In the code of Menas, 
who is supposed to have reigned in E^ypt 3500 B,e.—about 200 years before 
Moses—it is decreed that gold is equal lit value to two and a half parts of silver. 

396 
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This code is probably related with the Hindu Afanu, the Thibetan Mam> the 
Lydian Mmm t the Phrygian Manis, and the Cretan Afirtos, It ia accordingly 
thought to be probable that gold and silver were need as money in all countries 
between the Indus and the Nile many centuries before Christ '-some estimate twenty- 
eight centuries B.r a Silver coinage was probably used as early as that of gold. 
There aru numerous references to these metals in the Pentateuch . 3 According 
to AY Herapath, 4 there is some evidence that the early Egyptians used argentine 
soln. for marking linen —vide nitric acid. 

The absence of any common word for gold among thd descendants of the Aryan 
peoples is taken to show that the Aryans paid no particular attention to this metal 
before the linguistic separation. The scholars say that the Greek term for gold, 
Xpwre?, is a loan-word derived from the Semitic chiintiz— Hebrew Iztmtb, to thine. 
The gold objects found at Attica, Thera, Mycenae, etc., in tombs ornamented in the 
style of Phamician art, are believed to date from about the twelfth century B.n,; 
and it ia thought to be improbably that gold was known in Greece before it was 
brought there by the Phoenicians about this time. Similarly, gold was probably 
unknown in Italy before the eleventh century n,r., because neither gold nor silver 
has been found in the pile dwellings of Emilia, where broiiKn wgj* plentiful. Gold 
was probably brought to Italy by the Plmrnichins and Greek* about the ninth cen¬ 
tury B.t\ The scholars * also tell us that the Latin term for gold, tumni t and the 
earlier Sabine ou#um, arc words of Italian origin related to wtrorn, meaning the 
morning glow, or the shining dawn. The Celtic terms dr (Old Irish) and wer (Cymric) 
appear to have been borrowed from the Latin awrum about the time of the Gallic 
invasion of Italy—S90 iu:« The old German rnwis shows that the word was obtained 
from Italy before the change from aumnn to aurum. The term tjdd is aupjKtHed to 
be derived from the Sanskrit jwilita derived from jvai, to shine. The Teutonic 
gulth — the glowing or shining metal—was paused on to the Esthonians and Lapps, 
where it assumed the forms kttld and golk respectively. The terms for gold in the 
various Hindu and Iranian families are derived from the Sanskrit hwiiiifu. 

Most of the gold in ancient times was largely derived from Siberia (Bartria), 
Nubia, Greece, and India. Xenophon in his Udput, written about 353 iu\, says 
that "no one ever pretended from tradition or the earliest accounts of time, to 
determine when the Grecian mines began to be worked, and tins is a proof of their 
antiquity.” The Nubian mines were worked extensively by the early Egyptians, 
and a kind of map showing the gold-mining region about i350—1 !J30 im\ has been 
found in an Egyptian tomb, Diodorus 1 account {c, 50 u.e.) of the African mines 
makes sorry reading: 

On the confines of Egypt aud the neighbouring countries there are parts full of gold 
mines, from whence, with the cost and pains of many labourers, much gold la dug. The 
soil ia naturally block, hut in the body of the earth there are many veins, shining with 
white marble, and glittering with all aorta of bright metals, out of which these appointed 
to be overseers cause the geld to be dug by the labour of a vast multitude of prople, For 
the kings of Egypt condemn to these mines not only notorious criminals, captives taken 
in war, persons falsely accused, and those with whom the king is offended, but also all 
their kindred and relations. These ore sent to this work either as punishment, or that 
the profit and gain of the king may be increased by tlieir labours. There are thus infinite 
numbers thrust into these mines, all bound in fetters, kept at work day and night, and 
so strictly guarded that there is no feasibility of their effecting an eecnpe, They areguardod 
by mercenary soldiers of various barbarous nations, whose language is foreign to them and 
to each other, so that there are no mean*; either of forming conspiracies or of corrupting 
those who are set to watch them; they ore kept to incessant work by the nod of the over* 
seec, who, besides, lashes them severely. Not the least care is taken of the bodies of these 
poor creatures; they have not a rag to cover their nakedness; and whoever seee them 
must compassionate their melancholy and deplorable condition, for though they may be 
sick, or maimed, or lame, no rest nor any intermission of labour is allowed tliem. Neither 
the weakness of old ago nor the infirmities of females excuse any from that work to which 
all are driven by blows and cudgels, till at length, borne down by the intolerable weight 
of their misery, many fall dead in the midst of their insufferable labours Thus these 
miserable creatures, being destitute of all hope, expect their future days to be worse than 
the present, and long for death as more desirable than life, 
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There ore several accounts in the Bible of the quest for the precious metals in 
patriarchal days. 0 The extravagant splendour of the royal palace and the holy 
temple erected by Solomon, is recorded in the first book ol Kings, and the second 
book of Chronicles ; while in the book of Daniel there is a description of an 
immense golden image erected by Nebuchadnezzar on the plain of Dura. The 
ancient historians—Herodotus and Diodorus-relate prodigies which, though they 
be exaggerations, yet indicate that a vast quantity of the precious metals had been 
collected in those early days. The wealth of Croesus, who reigned as King of Lydia 
some 540 years before Christ, is proverbial. The profuse and lavish decoration of 
the palaces and temples of the cities of Tyre, Nineveh, and Babylon, over 1000 u.c., 
are but a few examples of the ornate display of the precious metals which history 
recounts, and which in this modem age seem almost fabulous. In any case, this 
ostentatious wealth displayed so gorgeously excited the cupidity of neighbouring 
nations, with disastrous results to the exhibitor in virtually every case* 

There can be little doubt that the expeditions of Jason of Phoenicia, Darius 
of Persia, Alexander of Greece, Ciosar of Rome, Columbus of Genoa, as well as the 
marauds of the Huns, the Cloths, and the Vandals, were little more tlian rapacious 
forays for gold, silver, or slaves. Plunder, not political supremacy, was tlie real 
object of these and many other ventures recorded in history. As W. Jacob puts 
it, the leaders of these historical expeditions ** sought the precious metals not by 
exploring tha bowels of the earth, but by the more summary process of conquest, 
tribute, and plunder." In many cases they left behind a ghastly trail of cruel 
wickedness, inhuman lust, and wanton brutality. The letter of Ferdinand, King 
of Spain, to his colonists in Hispaniola (America), July 25,1511, is thus paraphrased 
by A. Helped “ Get gold; humanely if you can ; but at all hazards get gold,” 
The greed of the Spaniards was so exorbitant that the natives of America were 
impressed with the idea that gold was the white man’s god, the god whom they 
sought and served. In the words of Timon of Athens : “ Gold ! yellow, glittering 
precious gold ! . . . Much of this will make black, white ; foul, fair; wrong, right; 
base, noble ; old, young ; coward, valiant/’ 

The cireln was used by the early Egyptians an the symbol for divinity and per¬ 
fection, and the same symbol was chosen by them for the sun; gold, the most 
perfect of metals, was also designated by the circle. The alchemists called gold 
Sol (the sun) or Apollo, and represented it by the symbol of perfection Q, or by 
the sun (or Apollo) with a crown of rays, £}, not altogether on account of its appear¬ 
ance, but because they considered it to bo the most perfect of the then known noble 
metals—the tnctaUum rex, the very king or Apollo of metals. Silver approaching 
nearest to gold was represented by the Egyptians by a semicircle, C The alchemists 
termed silver Luna or Diana , and represented it by the symbol for the crescent 
moon (£, possibly because of the pale silvery colour, which, the poets say, is charac¬ 
teristic of moonlight* 
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§ 2. The Occurrence and Distribution of Silver 

Silver is fairly widely distributed in various minerals in quantities less than 
one per cent. The disposition of the principal silver deposits are indicated on the 
map, Fig. 1. Few ^old ores are quite free from silver, and silver is almost invariably 
found in the sulphide ores of lead, copper, and xinc. The lead-silver ores form an 
important class; and a comparatively large proportion of the world's silver 
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is extracted from the base motala—lead and copper. Of 92 ores examined spectro¬ 
scopically by W, N, Hartley and H* Hamate, 1 only four were found to be free from 
silver, and this clement was detected in all manganese ores and bauxites examined. 
L. Wagoner estimated that granitic rocks contain on the average 6'15 parts of 
silver per million; sandstones, Oil; and marble, O’iSl part per million, In 
1787, J, L, Proust noted the occurrence of silver in sea-water, arid it was estimated 
by F* J. Malaguti and J t Durochcr, that sea-iyater contains one mgrm, of silver 
per 100 litres, and that the total quantity of silver in sea-water was two 
million tonnes. A, Liversidge estimated that eea-watcr contained one to two 
grains per ton; the water in the Christiania Fjord (Norway) is estimated to 
contain 0'005 part of silver per million; the water of the San Francisco Bay, 
0‘Qll; and the water in the depths of the Atlantic Ocean, 0 015 to 0 l 2G7 part 
per million. 2 According to F. Field, the copper sheathing of ships gradually becomes 
richer in silver. Of 54 samples of spring waters in France, J. Jiardefc found that 
34 contained silver when examined spectroscopically, F, Field also detected 
silver in the ashes of seaweeds, e.j. the fucus aerratus and the fucus ccranoides had 
0 00001 per cent. F. J. Malaguti and co-workers found silver in the ashes of land 
plants; rock salt; cool ash; and in the blood of herbivora; G. Forchhammer 
found silver and lead in corals ; J. W. Mallet reported silver in volcanic ash. 

Most of the silver extracted in Europe is derived from galena or lead ores. In Groat 
Britain, argentiferous oroa have been obtained from Hclaton, Liskeard, Bcdmor, Tamor 
(Cornwall); Qohil Hills (Stirlingshire): Hildarstuno Hills (Linlithgowshire), Leadhills and 
Wanloekhead; the Isle of Man; etc,; and at Wicklow, Hallycom,etc,,in Ireland. France 
obtained argentiferous ores, etc., from Pontgibaud (Pay do-llfline), Bormelles (Var), Peyte- 
brune (Tart*), end in the departments of Loife, Haute Haftnu, It^re, etc. The chief centra 
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furnishing silver in Germany are Nassau, Westphalia, Saxony, Hartz, Silesia, etc, Tho 
argentiferous copper of Rammelsbetig, noar Goelar/hae been exploited for silver sinco OflS a.d. 
In Czecho-Slo vakia, the chief centre is at Prxibram in Bohemia. The silver mines at Joachims- 
thal (Bohemia) were flourishing at the beginning of the eixteecth century, and in 1515 
employed nearly 8000 miners ; the mines at Sohneoberg (Saxony) were worked in 1471, and 
yielded about 100 tons nf silver per annum in I COO- A concession to reopen the old minew at 
Prsibram woe granted in 1527, There are al&o argentiferous deposits at Erzgebirge, Krem- 
nifcz, Schamnitz, Tyrol, etc. In Spain silver ores are obtained in Uaudaiaxara, Almeria, 
etc. The Spanish mince were exploited by the Ph<enicians, and Pliny, Ristoria tmiuToliv 
{33. 3J), stated that silver was found in thn mountaiiiH of nearly all the Homan provinces, 
and that tho richest of fill were to be found in Spain ; Strabo, Geographia (3, 2), aJflu 
notes the richness of tho Spanish min eg, Italy has centres in Tuscany, Sardinia, etc. 
Argentiferous orofi are also obtained in the Laurium of Greece; Karassou (Ismidt) and 
Kasqandra (Salonika) of Turkey; Fahlum and Sola, in Sweden \ Kemi in Finland.; and m 
tho Urals of Russia. Native silver U mined in Kung&borg, Norway- In Asia, argentiferous 
minerolN are obtained in Siberia ; in Thibet; Kervan in Persia ; the province of Fo-Kien 
in China; in Japan; Formosa; etc. Africa.—The old Egyptians obtained silver from 
Nubia and Ethiopia. Tho more important silver mines are in Algeria, Transvaal, Mada¬ 
gascar, etc. Australasia.—Silver in obtained from Broken HU1 in New South Wales ; 
Wilson's Hoof in Victoria; Tasmania; Thames District, Now Zealand; etc. In South 
America a groat deal of silver has been obtained from mines in Chili, Bolivia, Peru, 
Argentine, etc. Native silver is obtained at Hunutaya (Peru). Mexico in North America 
appears to be extraordinarily rich in silver ores. Tho Spaniards commenced silver mining 
at Tosco (Mexico) in 1522, ami those mines, with those* at Pachuefi, are considered to be 
tlie oldest in Mexico, for they appear to have boon worked by Iho Aztecs before tho advent 
of the Spaniards. The more important sources of Silver in the United States are in the 
Colorado, Montana, Utah, Idaho, Nevada, California, Toils, Washington, Dakota, Now 
Mexico, Alaska, Oregon, Kansas, Michigan, Carolina, Tennessee, and Virginia. In Canada 
there are mine# at Cobalt, Ontario; British Columbia; etc. 


Tlie wuihTa production of silver 3 was estimated in troy qzs. to be, in 1920: 



Troy ms. 


Troy ozs. 

Mexico , 

. 66,200,000 

Japan .... 

. 4,600,000 

United States 

. 66,564*000 

China .... 

00,000 

S. America 

. 15,500,000 

Duteh Eaut Im lifts . 

. 1,300,000 

Canada 

. 13,500*000 

Transvaal ami Rhodesia . 

950,000 

Control America 

> 3,000,000 

Reht til Africa 

200,000 

British India . 

180,000 

Spain and rest of Europe , 

, 5,000,000 

Burma .... 

. 2*000,000 

Austral nsia 

. 3, G00,000 


Total . . . 17 1,200,000 Troy oks* 


and the totals for the years : 

1493-1520 KIOM620 1701-1720 1501^1810 1876 1880 1908 10IS 

1,511,050 13,570,235 11,452,540 51,041,172 74,700,494 93,317,452 203,131,404 197,394,000 

Tho minimum and maximum prices in 1909 were respectively 23— and 24d, per oz.; 
1913,25};} and 29|d.; in 1915,26}} and 37iff-; in 1917, 35}} and 55d-; and in 1919, 
47£ and 79jd. The average in 1920 was ; and in February, 1921, the price 
of silver had dropped to 35}d. 

Native silver occurs in crystals belonging to the cubic system—the largest 
crystals, cubes of 2'3 cms. side, come from Kongaherg (Norway); a mass of silver, 
weighing 697 kilograms, has been found in tbe same locality. The crystals are 
often twinned or distorted. The metal also occurs in dendritic masses, in filaments, 
and in sheets. Native silver ia sometimes almost pure, but more usually it is 
alloyed with some copper, mercury, arsenic, antimony, tellurium, bismuth, iron, 
gold, or platinum- D. Forbes’ analysis 4 of a sample from Chuquiaguillo (Peru) 
gave; Silver, 9798 ; gold, 022 per cent.—sp. gr. 10'77; G. Fordyce’s analysis 
of a sample from Norway gave 23 pec cent, of gold with the silver ^ and samples 
from the same country have been reported with but 0 0019 per cent, of gold- In 
some cases the analyses correspond by chance with chemical formula: AuAg-j, 
AuAg, etc,, but there is no evidence of chemical combination—see electruim P. Ber- 
thier 6 reported a sample of silver from Curcy (France) with 10 per cent, of copper; 
H, J. Bnrkart one from Chilanees (Frapce) with 3 to 12 per cent, of antimony ; 
and J. Domeyko one from Bolivia with 0 53 per cent, of antimony, andO‘015 per cent. 
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of arsenic, Amalgam, a native alloy of silver and mercury, crystallises in the 
cubic system. The crystals are silvery-white ; rather brittle ; and with a bright 
metallic lustre, T. Schccrer reported a sample with 2 per cent, of mercury;' 
F. Pisani, samples with 4 74 to 5 06 per cent.; and H, J, Burkarfc, samples with 
18 to 36 per rout. Some specimens have a composition in agreement with chemical 
formula;: AgJIg-j, AgHg, etc. A sample from Arquorcn (Chill) corresponds with 
AgjgBg, and is called acquerite. 


Besides occurring native, silver ie found as sulphide, amepide, antimorude, telluride, 
bisrauthide, halides, and various sulpho-salta Argfntifav 9 ^“ , ui' silver glance, in its 
purer forms contains the oq. of 12 - 9 per cent of sulphur, and coirrKpandy with the formula 
Ag a S. It crystallizes in the cubic system; the colour varies from a louden grey to black, 
anil the surface becomes dull and acquires a sooty coating on exposure to air and light. 
The mineral is called by the Hungarian miners ; soft ore; the uhl name glass ore —Qlaserz 
—of Agricola is inappropriate since it has no resemblance to glass, Argentile is often 
contaminated with native silver. It is soluble iu nitric acid. A variety with copper 
approaching (AgCu) g S is called Jalpalfo TJ]u so-called rvby stivers arc of two kinds; 
0) Frotistlto, titlifflu tftl Silver ore, or si-jramt'iil silver blends, approximates in composition 
with UAgj&AEjSj, or Ag 3 AsS 3 . It crystalli/cs in the rhombuhcHraJ system; it has 
a cochineal-rod colour, and is slightly translucent. Tho rare mineral Mnthownllo is a 
dimorphic variety which crystallizes in the rurmodmic system. Fyraigyilte, or dark 
red silver ore or antimaniol silver blende, also crystallizes in tho thomhuhcdrnl system. Its 
composition approximates with SAgj&Sb,^, or Ag,SbS 3 . TIuh mineral Inin a dark it'd 
colour, Thera is a rare variety called pyrostilpnlto, or J?n« blende, which crystallizes in the 
monochnic system. The mineral stophanftft, also callr-d blttrk stiver ore, or brittle silver 
ore, approximates in composition with 5Sb,S 3 . Jt crystallizes ill the rhombic system, 
and is of a dark grey colour. Polybasltfl is a complex sulphide of copper, mlvor, antimony, 
and, atonic approximating in composition with (Ag a S,CuS)(.Sb a 8 J ,Aa ; 8 a , and crystallising 
in tho rhombic system. It is almost black m colour Argyiodlts is a rare mineral, almost 
black in colour, with a violet tinge. It crystallizes in tho cubic system, and its composition 
approaches Ag s GeS ( . DyWTWltfl, or antimonial silver, is a silver antimooidc. Tho relative 
proportions of the two elements are variable - for instance, the silver may vary from 72 to 
84 per cent., thus corresponding with AgjSb contaminated with more or less silver. Tho 
mineral crystallizes in the rhombic system ; and its colour is silver-white; on exposure 
to air and light, it acquires a dull grey or yellow colour. Thin is not an important ora of 
silver. Hteattd approaches silver telLuridc, Ag,Tc* in. composition. Its colour is steel- 
gray or lead-cmy. A variety with gold is called prtztie (AgAu) t To Nauznannito 

approaches silver seicnido, Ag a Se, in composition. It is almost block iu coluur. A variety 
with copper, approximating {AgCu^Se, is called autalflfG ; and one with sulphur, approxi¬ 
mating Ag a (S£e), is colled agullarfte. A mineral corresponding with silver clilcnide is 
called keTArgjrlte or cerargyrite.. Tills mineral is comparatively suit, and can bo cut like 
horn, and resembles hom in luatro and colour—hence the name Jutm silver. Lorargynte 
is pale grey—sometimes tinged blue or green - and on exposure to light, it becomes brown 
and dull. A piece of iron ie silvered when rubbed wilh this mineral. Bromine or iodine 
ia sometimes present. To distinguish the djflcrunl iialidcs, the chloride is sometimes colled 
chlowwgjilta ; tho bromide, bromoargyrlte ; tho iodide, Jodoargyrila ; and the mixture of 
the chloride and bromide, tmboJfte. 
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S 3. The Extraction of Silver from its Ores 

Of aJl tho broaohes of metallurgy, that ol which silver forms tho subject is the most 
extensive, the most varied* and the moat complicated.—J. Percy (1980), 

The extraction of silver from its -ores 1 is usually effected by one of three pro¬ 
cesses : (1) An alloy of silver with lead or with copper is prepared in a smelting 
furnace, and the silver subsequently recovered from the base metal —dry process ; 
(2) The silver is first amalgamated with mercury, and the mercury removed by 
distillation— ainnlgatnotion process; or (3) The ore* suitably prepared, is leached 
with a suitable solvent* and the silver subsequently precipitated—u>ef process. It 
will be observed that in ail three processes, the silver is collected or extracted from 
its ore by a suitable solvent—lead, copper, mercury* cyanide-lye, brine, etc. In 
another variation of the wet process, the silver is converted into uu insoluble form* 
and the copper into a form soluble in dil. sulphuric acid. 

Dry processes for the extraction of silver. —The dry process is used where the 
silver ores contain enough lead to enable them to be smelted for the latter 
metal (gr.v.) ; sufficient lead must be present to dissolve and retain in aoln. the 
whole of the silver in the ore. The reaction is symbolized: Ag 3 S-f-??Pb.=PbS 
■f[2Ag+(«--l)Pb|. If the ore does not contain enough lead, either load or galena, 
or a suitable plumbiferous mineral, is mixed with it, and the smelting is conducted 
as before. This process r an be economically applied when ['heap fuel is available. 
Tim resulting lead is subsequently delivered by cupellation or otherwise. This 
process is sometimes called the lead SflieltiBig process in contradistinction to the 
matte smelting process, which is applied when the silver ore contains insufficient 
lead for the lead smelting process* and in districts where plumbiferous minerals 
are not prevalent, and where cupriferous minerals arc abundant or where the silver 
ore is jiat.nrally mixed with enough cupriferous pyrites. The mixture of silver ore 
and cupriferous pyrites can then 1 >h smelted for matte as in the ease of copper ores. 
The matte is Ijcsacmerized for copper* and tho copper refined by electrolytic 
processes where the precious metals are obtained as a by-product. Tile Ziervogel 
leaching process (vide irtfm) was once used for extracting silver from the matte, 
hut the electrolytic process gives better results. The copper matte acts like lead, 
in the lead smelting process, and collects the precious metals—silver and gold. 
A highly siliceous slag is desirable, and the amount of zinc impurity in the ore should 
he low. Under these conditions, there is very little loss of the precious metal in 
the slag. Argentiferous pyrites containing as low as *2 or 3 per cent, of copper 
can he profitably treated by this process under conditions where it would not pay 
to treat the ore for copper alone. Pyrites free from copper does not ajqiear to 
collect the precious metals very well, but if as little as one-half or two-thirds of 
one per cent, of rapper he present in the ore* tho gold and silver are satisfactorily 
collected by the matte, and not lost in the slag. 

The ancients extracted silver and gold from their ores by alloying them with 
lend, and oxidizing the product, when the precious metals remain alone unoxidized 
in the metallic state. The facts must have been known from very early times. 
The Jewish prophets Jeremiah (3. 29) and Ezekiel (22.20-22), about 590 b.c,* 
refer to the purification of the precious metals from the base metals by exposing 
mixtures of the two to a “ trial by fire." The base metals are alone “ consumed ’* 
or dressed* while pure silver and gold pass unscathed through the ordeal. Diodorus 
Siculus (c. 50 bx 1 .), quoting from a lost book by Agorthides of Cnidos, says that 
gold was purified by mixing it with lead, salt, and some barley husks, enclosing the 
mixture in a crucible with a luted lid, and heating the crucible and contents for 
five days and nights in a furnace. On cooling* purified gold remained in the crucible. 
Gold purified by tlua operation was called amm obryzum (obriznm or obmssum), 
and the operation itself obrwtsa —from 4he Greek fyjpufrv, meaning pure gold. 
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The base metala would be oxidized and absorbed by the pofc; the silver would be 
chlorinated by tie salt* and also absorbed into the pot as fused silver chloride ; 
and the bran would prevent the base metals from being oxidized too rapidly. Aa 
previously indicated, near the beginning of the first century, both Pliny, in his 
ffistoria mturalis (33. 31), and Strabo, in his Geography (3. 2), refer to the 
purification of silver by cupellation with lead. In the sixteenth century, V. Birin- 
gutei, in hia Ik la pirotecniea (Venezia, 1540), stated that “ if we had not lead, 
we should work in vain for the precious metals, for without its aid, silver and gold 
could not be extracted from the ores containing theme/* The method was also 
described by L. Hrcher in hie book Beichnabu^tg oiler Junwmsteii minemHschen 
firtzl tmi Berckucrdwarten (Prag, 1574); 2 and numerous later writers. 

CupelMom —Ill the modem operation, the alloy of lead with the precious 
metals to be cupelled is melted on the hearth of a reverberatory furnace. The 
hearth is made of bone-ash, calcareous clay (marl), magnesia, or other suitable 
earth which will resist the corrosive action of the lead oxide. The hearth is either 
covered by a movable hood, as in the so-called German cupellation furnace, or the 
hearth is movable and the hood is fixed as in the so-called English cupcllation 
furnace. In both furnaces, a current of air impinges on the surface of the molten 
metal ; litharge is formed, and the base metals simultaneously oxidized are dissolved 
in the litharge which accumulates about the edges of the metal and is removed 
periodically, or continuously. The first drawings of litharge consist largely of 
animates and antimoniates of lead ; a more pure litharge then commences to form ; 
bismuth persistently remains unoxidized until near the end of the operation, when 
it * too, is attacked, Hence, in some works, with alloys containing appreciable 
amounts of bismuth, the litharge which is formed towards the end of the operation 
is collected separately and the bismuth recovered. Finally, the precious metals, 
sometimes as much as 99’7 or 99'S per cent, purity, remain on the hearth unoxidized. 

The English cupellation furnace has undergone more or less modification in differ¬ 
ent localities. It is virtually a reverberatory furnace with a firemouth very large 

in proportion to the size of the hearth, Fig. 2, 
Thu hearth or led is oval or oblong—about 
4 ft. by ft —and is supported on a 
carriage which can be removed. The pig- 
lead to be desilvered is charged into open¬ 
ings in the sides of the furnace; the litharge 
as it is formed is carried along by the blast, 
and rims ever a notch in the hearth into a 
conical iron pot below. The silver is con¬ 
centrated to 5G-70 j>er cent, silver, and 
then ladclled or poured into moulds, and the 
furnace is re-charged. The molten metal is 
finished in another cupellation furnace. In 
the German cupellation furnace, the hearth or test is built in ntiu t and is circular 
or elliptical, 9 to 11 ft. in diameter. The roof can bo raised or lowered and luted to 
the body of the furnace with clay. The English furnace is used for the cupcllation 
of alloys richer in load than those usually treated in the German furnace. The 
litharge from the English furnace usually contains too much silver to be sold without 
further purification ; the lithaTge from the German furnace is comparatively 
pure, and is ready for the market. The English furnace is continuous, and the 
German furnace is intermittent in that it is allowed to cool after each, charge of ore 
has been treated, 

Cupellation is now an auxiliary to the desilvcrization of lead or baae-buUitm— 
the name commonly applied to lead containing silver by Parkes* or PattinaotTs 
process—though formerly all the silver extracted from lead was effected by the 
cupellation process. Cupcllation is sometimes an independent process when 
litharge is to be manufactured, but im competition with Parkes* or Pattmeon’s 
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process cupellafcion is profitable only when the lead contains considerable amounts 
of silver. The final separation, however, whether l J arkea T or Pattinaon’s process 
has been employed, is effected by cupeffation. 

Amalgamation process for the extraction of silver. - Hie use of mercury 
for the extraction of silver and gold is probably very old. True, the first known 
mention of mercury occurs in Theophrastus' 11 qd A*0wv, about 300 a.c.* but neither 
he nor Diodorus the Sicilian, who wrote about 31) b*o,, mentioned the use of mercury 
in this connection, although. Diodorus wrote at some length on the process for the 
extraction of gold from quartz in Upjwr Egypt. Vitruvius, about 13 b*c\, described 
the use of mercury for the recovery of gold from the cloth in which it was inter¬ 
woven ; and Pliny, in his Historia naturalist (30. 32), about 77 A.m* spoke of the 
amalgamation process as if it were very well known. 

rfvnry thing excepting gold floats on quieknilver j gold tdono is attracted by mercury* 
and therefore that metal is beat cleansed by mercury* for the impurities are expelled from 
gold by rcpcntodly shaking it with mercury in earthen vessels. The product (gold amalgam) 
i4 poured into skins, which are then squeezed, the mercury exudes like uweat* and leaves 
hrlifjid the puru gold. 


The gold is not pure, but is rather a solid amalgam. There is nothing in Pliny’s 
accuimt to show that silver could be so treated ; his method would be effective only 
with simple gold-silver ores, but from this* a process was developed capable of 
extracting the metal from more complex ores* The early European process was 
described by V. Iliriugucci* in his De la pirotecnica (Venezia, 1540), as if it were a 
secret art* although it must have been used at an earlier date ; it is mentioned-by 
If, Theophilus, a writer of the eleventh century* In this early European wnatgama- 
tion process, tEie ora was ground in a stone mill with water, mercury, salt, and sonic 
copper compound. It is sometimes said that the extraction of the precious metals by 
amalgamation was invented by the Spaniards in Mexico* about 1557, but* according 
to E. A. Schmid's edition (Ereybcrg, 1 HOG) of G. Agricola's Bcrmannns sive de re 
mdftllicrf (Basil, 1f>30) T the process was more probably introduced at Pachuca, in 
Mexico* by fhu tolome Medina* in 1552* who doubtless learned about it in Europe, 3 
According to E. Xavier de Sarria, and d. Garces y Eguia, the first printed treatise 
on Hie amalgamation process is A* A. Barba’s slrte de los metales (Madrid, 1640). 
In B. Medina’s Mexican auiahjamfitwn proems —usually known as the patio process^- 
the general principles of the European process were modified to suit the special 
conditions which prevailed in Mexico. In both processes, mercury is used in con¬ 
junction with common salt and a salt of copper, without the use of fuel except for 
expelling mercury from the solid amalgam. Horses and mules were introduced into 
Mexico about 1793 lor mixing the pulp, mercury, etc. Previous to this time* the 
mixing was done bv hand. It is said a saving of 757 per cent, on the cost of mixing 
wu* thereby effected. Very few improvements have been made on the original 
piociws during the 3G0 years it has been used in Mexico* but it is now almost entirely 
superseded by tbs cyanide process which is capable of giving a higher yield of the 
precious metal and. at a less cost. Hence, the patio process promises very soon to 
be of little more than historical interest. The amalgamation process for extracting 
the previous metals from their ores soon travelled from Mexico to Peru* and in 1G4G* 
A, A. Barba described the cazo process — cazo r a small pan (mde supra)* In this 
process, said to have boon worked by Barba at Potosi (Bolivia) in 1590, the ground 
ore was stirred with water* mercury, and salt in copper cauldrons heated over a fire¬ 
place. The reaction is symbolized : 2AgCI+Cu+ttHg=2Ag-paHg+CuClB ; and 
ChiCT a +f'u^2Cun. The cazo process was used in Mexico and South America for 
some years* and about 1800 it developed into the fmtdon process—fondrm, ground— 
in which a larger vessel with a copper bottom and wooden sides was employed* and 
the stirring was done by mule power. 

The Mexican ore contains metallic silver, silver sulphide, and silver chloride* etc., 
distributed in a large quantity of ganglia The ore in first crushed in stamp mills, 
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And ground to powder between porphyry blocks died on an Axis turned by horses 
or mules, The work baa to be done in a country where water for washing the ore is 
not available, while neither steam nor water power is practicable; the powdered ore, 
moistened with water, is thoroughly incorporated with a little sodium chloride. In 
about a day, mercury is added along with some roasted pyrites containing a mixture 
of iron and copper sulphates and oxides, and called magistral. The whole is most 
intimately mixed, and more mercury is added from time to time* The mixing is 
done on stone-paved areas—called patios—by being treaded by horses or mules as 
illustrated in Fig, 3. The mixture which is trodden by the muW or horses is called 
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a iorto, and a torta has to be treated from a fortnight to a month according to 
cironmatances. 

It is probable that cupric chloride is first formed: 4 2NaCI-{-CuS0 ll ^NQ £ S0* 
■fCirClj, and this reacts with the silver sulphide, forming cuprous and silver chlorides: 
Cuda+AggS^SAgCl+CuS; CuCl 2 d-CuS^iJCuCI-hS; and 2CuCI+Ap 2 S^2AgCl 
-f-CtifcS. The complex sulphides are likewise decomposed: 2Ag a Sb!^-f-;iCuCl 2 
^flAgO-KJCuS-fSbjjESg, and similarly with the arsenic compound AgjAsSj. Ferric 
chloride also reacts with the silver sulphide : 2FcQ 3 -pAg 2 S=S4 i 2AgCI-p2Frd a . 
The silver chloride dissolves in the brine, and it is then immediately reduced and 
dissolved by the mercury: Agd+Hg^Ag+HgCl. There are many other side 
reactions: CuCI 2 +Hg=0uCl4-HgCl, and CuCl 2 4-Ag—CuCl-pAgdl, but the loss 
of mereuiy ( aa mercurous chloride, HgCI, which occurs in practice is not great enough 
to give these reactions any significance. The actual consumption of mercury is but 
8 fl per cent- of that required by the equation : Hg-bAgd=Agd-HgCl. 

The silver amalgam is separated from the mud by washing and settling; the 
excess of mercury is squeezed through canvas; the solid amalgam in the bags is 
pressed into calces and heated in retorts—mercury distils over, and the silver which 
remains in the retort has a white frosted appearance and is called pkto pina. The 
silver is then fused and cast into ingots. The mercury used in the amalgamation 
process is said to be more active if it has about one per cent, of sodium in fining 

Various modifications of the amalgamation process have been tried in different 
localities. In the so-called Boss process, the ore passes continuously from the 
stampers through the amalgamating pans, and is not collected from the stamps and 
charged into the amalgamating pans at intervals* The chloridizing roast for silver 
ores was introduced by I. de Born* in combination with the cazo process at SchamniU, 
(Hungary), and in conjunction with barrel amalgamation at Freiburg in 1790. The 
amalgamation was adapted to the specialtuunditioM in the Washoe district, U.SJL, 
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in lBGOj and it was called the Washoe process. In the Washoe process, the ore in 
uniiallv crushed wet, and amalgamated in pans without previous roosting. The 
cipher ores are roasted with salt and then amalgamated, in barrels ; the poorer ores 
are treated in the stamp mill and ground in cast-iron pans, with mercury ami hot 
wa t£i^~with or without the addition of salt and copper sulphate. The presence of 
copper sulphate is not so important as In the Mexican process because the ore 
contains more free silver* and under the influence of heat the mercury and iron are 
nbJe to deal with the silver. After the amalgamation, the process is similar to the 
Mexican. Amalgamation in conjunction with cyanide soln. 7 was tried successfully 
in 1!JU, in the so-called Batopiias and the NipisBing processes. 

Wet processes for the extraction of silver.- -Numerous wet processes have 
been proposed for the extraction of silver from its ores, copper mattes, speise, and 
metallic copper. There are four types of process; 

I, The ore is roasted so that the copper is oxidized to cupric oxide and the silver 
sulphide is converted into metallic silver. The copper oxide is extracted with 
sulphuric acid, and crystallized from the soln. as copper sulphate or blue vitriol; the 
residue, containing silver and gold, is smelted with lead by the dry process. Any 
iron oxide which may be dissolved by the acid crystallizes, as an impurity, with the 
copper sulphate. The process® is called the Freiberg vitrioliaatian process, because 
it was developed at Freiberg in Saxony, In a modification, called the HoEmaiui’8 
vitriolization process, the iron is separated by treating Hie hot neutral soln, of eopjHsr 
sulphate with roasted cop]ter matter-mainly cupric oxide—und forcing air through 
the liquid; ferric oxide ia precipitated: +FeS 04 -|-fX i j-h i 1 Cii 0 ^- 2 FcaO 3 -f-lCiiS 0 4 . 
Basic copper sulphate may also be precipitated with the iron oxide, and recovered 
by treatment with 20 or 3 per cent, sulphuric acid, which dissolves the copper but 
not the iron. 

II. The sulphide ore* are fractionally roasted so as to convert moat of the iron 
mid copper sulphides into oxides* and the silver sulphide into silver sulphate. The 
mass is then leached with water. Silver and copper sulphates dissolve. The silver 
is precipitated from the soln. by scrap copper ; the copper is afterwards precipitated 
by scrap iron -Zrervogol’s process. 0 

III. The sulphide ores are roasted with salt whereby the silver sulphide ia 
converted into chloride, and the mass la then leached with a suitable solvent. 

(rr) The chloride » extracted with a sot. soln. of sodium chloride; at about 80*, 
and the silver precipitated by scrap copper—Augustin’s process. 10 

(6j The chloride is extracted with sodium thiosulphate soln., the silver precipi¬ 
tated as sulphide, and reduced to the metal by calcination in a roasting furnace - 
Patera’s process, 

IV, The ore- which may or may not be calcined—is treated with a soln, of 
alkali cyanide— Cyanide process. The cyanide reacts with the silver sulphide: 

-hlNaCy—iiNaAgCya+NasiS. Tho accumulation of sodium sulphide in the 
soln. stops the reaction, When the soln. is exposed to the air, however, the sodium 
sulphide is oxidized to sodium thiosulphate and sulphur. The reaction then pro¬ 
gresses as indicated in the equation from left to right. Thus, the free access of air 
to the cyanide soln. is an important factor in promoting the dissolution of the silver. 
Silver and gold are also dissolved by the cyanide soln, as indicated in the discussion 
on the cyanide process under gold. The silver is recovered from tho cyanide eoln. 
by precipitation with zinc or aluminium, 11 The cyanide process has almost ousted 
the other lixiviation processes —vide gold. Augustin's process wa$ used at Mansfield 
(Germany) between 1840 and 1842 ; at Freiberg between 1848 and 1802 ; and for a 
time at a few other places. 18 The failure of Augustin's process is mainly due to the 
comparatively low solubility of silver chloride in the brine which necessitates hand¬ 
ling large volumes of liquid; and to the imperfect oxidation of silver in the presence 
of arsenic, antimony* and zmc + ia In the Patera process* the thiosulphate not only 
removes the silver chloride* but silver araeniato and antimoniata, and to some extent 
metallic silver and gold* are dissolved, 'Lead sulphate also, if present, is also 

veu in, x 
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dissolved. Consequently, the precipitate from the tMomlphete win* contains silver 
gold, copper, lead, and small quantities of other metals. The u» of sodium thio 
sulphate for the extraction of silver was indicated bv A. Hawk m 1846, and In 
j t Parer in 1850. The solvent action is due to the formation of a Bolnbh doubt 
thiosulphate of silver and sodium : Na^Qj.A&SfeQs. The process was applied 
industrially by A. Patera at Joaohiwsth&i (Bohemia) in 1858, and the silver 

H A8 prrt'ipkft^ il hv sotfhtu or coicium Sulphide ‘ Ag^SgO^ 0 $-j-Nd^S 

- so that with sodium sulphide as precipitant, the thiosulphate 

can he used again. In I860, M. Kiss proposed to substitute calcium thiosulphate 
for the sodium salt as the leaching liquid—Kiss’ process; and if calcium sulphide 
is used as the precipitating agent, the calcium thiosulphate is regenerated. He 
claimed that the calcium salt is a more effective «olvent—particularly for gold— 
than the sodium salt; but the claim lias out been established. In 1884, 
K H. Russellintroduced a soln. of sodium cuprous thiosulphate which was 
claimed to exert a more eneigetie solvent action on metallic silver, silver sulphide, 
and the arsenical and antimonial sulphides, .and other silver minerals. In Ruagell’g 
process, the chloridixed ore is leached first with sodium thiosulphate, and subse¬ 
quently with sodium cuprous thiosulphate—the latter is called the extra solution /— 
and it is supposed to extract an additional amount of silver which would otherwise 
escape in the tailings, and to require a less careful chloridiring roast. E, H. Russell 
also showed that lead can be removed from tho thiosulphate extract by treatment 
with sodium carbonate; and the copper and silver in the remaining sole, precipi¬ 
tated as in the original thiosulphate process. The advantages claimed for the 
Russell process over the Pate reprocess have not been generally established in that 
tho extra cost is not always compensated by the increased yield of precious metal— 
particularly if the chloridiziug roast be efficiently performed. 

Roasting sulphide ores for sulphates—sulphatiamg roast.—The sulphatiring 
toast has been mentioned in connection with the extraction of copper (f.t>.). Suppose 
an ore containing iron, copper, and silver sulphides be roasted in a furnace whore tho 
tamp, is gradually rising. The iron sulphide begins to oxidize just over 300°, and tho 
sulphur di- and tri-oxides which are formed are swept along with the furnace gases. 
Ferric oxide is produced: 4FeS^-|-1102The condition of equi¬ 
librium between the two sulphur oxides: 2 SOkj 2S0 2 - p O a ^ in the presence of the 
catalytic agent, ferric oxide, is discussed in connection with these gases. As the 
tamp, rises, the partial prose, of sulphur trioxide increases because the gases become 
more and more charged with sulphur oxide. The iron sulphate formed at a lower 
temp, begins to decompose between 550° and 600° ; and the copper sulphate begins 
to decompose slowly at about G50°, and the decomposition is complete at about 850°, 
The relation between the partial press, and temp, of ferric and cupric oxides and 
sulphur trioxide, for equilibrium, 16 ia indicated in Table I. 


Table J.—EQUiuiiftri'M Conditions fob Ikon and Coffeh Sulphates. 


Fej£B0j),*>Fvg0 a +330 4 

| BCuSOj 2CnO.SO a + BGj 

aCnO.aOj^^cuO+BO, 

Temp. 

Prqi,, mm. 


Preaa.. mm. 

Turap, 

Press., mm. 

563 

i 23 

545 I 

43 

600 1 

62 

592 

45 

628 

55 

653 

98 

m 

i 70 

616 

70 

696 

123 

560 

i m 

642 

98 

706 

130 

060 

m 

065 

130 

728 

173 

650 

m 

700 

233 

745 

£09 

690 

401 

726 

460 

776 

29S 

707 

715 

731 

647 

L 

905 

542 


If the partial press, of the sulphur trioxide in the atm. of the furnace be greater 
than the equilibrium value for that temp, the corresponding sulphate will be formed ; 
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and conversely, if less, sulphate will be decomposed. The partial press* of sulphur 
triojrido necessary for the formation of iron ami copper sulpha tea are indicated in 
Table ll . 


TaELK IL— 1 j ARJUI. PlUCHSURES O t' tfEJDFHUR TUJOXrDE ttHCESSAJIY FOR THE FORMATION 
of Ikon and CorriiJi Sczj'hati&b, 


INxtlal prats. vt SO, In mm, of [[tprvury. 




t 

1 

OilSOj, 


550 

12 


27 

__ 

GOO 

22-5 


20 

20 

G50 

GIB 


40 

33 

700 

244 "0 


00 

35 


At 650“, fcho partial prose, of sulphur trioxide necessary for the formation of feme 
sulphate is til'o mm.; and for copper sulphate, 40 mm. Consequently, if the 
stream of gases passing through the furnace has sulphur trioxide mp to a partial 
preus, of 50 mm., copper sulphate will bo formed, and ferric sulphate decomposed, 
’When the temp, rises still higher, and the partial press, of the sulphur trioxide 
required for the formation of copper sulphate is not high enough, topper sulphate 
will be decomposed. Silver oxide dissociates about i3tr, but precisely similar 
relation obtain between silver ur silver sulphide and sulphur trioxide as those 
between cupric oxide and the same gas. The dissociation 10 of silver sulphate is 
very slow at 750°, and rapid at 917 th - If the temp, of the furnace exceeds this limit, 
the sulphates arc all decomposed into ferric and cupric oxides, and metallic silver; 
and if the temp, exceeds 1020°, or if reducing gases be present, some of the cupric 
oxide will be reduced to cuprous oxide, and ferric oxide to fcrrosoferric oxide, 
FeatV The reactions are more complex still with natural ores ; for instance, if 
arsenic and antimony are present, and have not been volatilised early, arsenate and 
antimoniate of silver will be formed, and thus introduce losses because these salts 
do not dissolve when the sulphate is extracted with water. The apparently simple 
operation of roasting, said W, C, Roberts-Austen, 17 demands the exercise of the 
utmost skill, care, and patience. The main reactions begin at about fi00 u and end 
at about 700°, that is, within a range of 200°, “ It would be difficult to appreciate 

too highly the delicacy of touch and sight which enables an operator to judge by 
the aid of rough tests, but mainly from the tint of the streak revealed when the 
moss is rabbled, whether any particular stage has or has not been reached.' 1 

Roasting sulphide ores ter chlorides--ohloridizing roast* -The aim of .the 
chloride big roast is to convert certain constituents of an ore into chlorides, and thus 
make them amenable to solvents. Certain volatile chlorides are incidentally formed, 
and these may or may not bo recovered. The chlorldizing roast is employed in 
W . Long maid and W Henderson’s process for copper ores (j.e.); in Stahls process 
for nickel orea; and in A. Patera's process for silver ores. In chloridizing roasting 
the crushed ore is usually mixed with about 10 per cent, of sodium chloride, and the 
mixture heated to 800 a or 900 c in a reverberatory furnace. The sulphates formed 
by the oxidation of the sulphides, react with the salt, forming chlorine and hydrogen 
chloride* These gases convert silver, silver sulphide, fchioareenides, and thio- 
antimonides into silver chloride. The reactions are somewhat complicated, The 
salt may react directly with the sulphate, forming chlorine: 4NaCl4-4E , eSQ 1 4+G 2 
=2Ha 2 80*+2Fe 3 Q a +2S0 2 -|-2Ci 2 j and simultaneously, the ferric and copper 
sulphates decompose, forming sulphur trioxide, which reacts with the salt, forming 
chlorine: 2S0^+2NaGl=SO a +Nfl 4 SO4-i-Cl a . In the main reaction, the chlorine 
acta directly on the silver compounds converting them into silver chloride: e>g. 
Ag 2 S+O ft -riCl ± ^SO a -|-2AgCl, Hydrogea chloride is formed by the action of steam 
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and sulphur trioxide on sodium chloride : SNaClq - S CX, H- IX a O =^2HC1 -F- Na^S0 4j and 
by the silica present in the ores: 2NaCl-fSi0 a -^H 2 0—Nj^SiO^-f 2HC1. The 
hydrogen chloride acts on the oxidised silver area converting them into silver 
chloride. Among the numerous side reactions which Himulfcaneously occur : Copper 
sulphate is decomposed by sodium chloride, forming cupric chloride : CuS0 4 +2NaCl 
j^asSOi-j-CuCJ^ \ and silver sulphate reacts similarly: Ag 2 S0 4 -f 2NaCl—NaJ304 
-f2AgCL Silver sulphate—formed by the direct oxidation of the sulphide or hy a 
reaction symbolized: Ag 2 S-|- 4 S 03 =Ag 2 S 04 + 4 S 0 s —may react with cupric 

chloride: AgaSOi+ChC^^AgCL-bCufiO*. Some arsenic and antimony arc 
volatilized in the oxidizing roast, and also as chlorides. If the temperature be too 
high, appreciable quantities of silver chloride may be volatilized. 

Electrolytic processes lor the extraction or refining of silver*— The electro¬ 
lytic process employed in the refining of copper is used for the separation of silver 
from argentiferous copper, and it would be difficult to find a more remarkable 
application of the electric current than in the purification of metals by transferring 
the impure metal from the anode to pure metal at the catliode* In MbebiuS* 
process, 18 the electrolyte is a mixture of silver and copper nitrates acidified with 
nitric acid. A slab of impure silver is used as anode, and a plate of purs silver as 
cathode. Silver and copper arc dissolved at the anodes and the silver is deposited 
on the cathodes. The gold, if present, remains unditaolved as tilimc below the anode. 
The anodes are sometimes enclosed in filter bags bo facilitate the collection of the 
anode mud. The composition and concentration of the solution as well as the current 
density, arc carefully regulated on account of the danger of depositing copper with 
the silver. 

The preparation of highly purified silver*— Silver should bo fairly pure when 
it is required for cupellnbion assays, volumetric analysis, etc,, and such silver 
may be obtained by dissolving the metal in nitric acid, diluting the solution 
with water, and allowing the sola, to settle so that gold, tin and antimony oxides, 
basic bismuth nitrate, silver sulphide, etc,, may coagulate, and permit the solution 
to be filtered. Silver chloride is precipitated from the filtered solution by the 
addition of hydrochloric acid. If sodium chloride be used for the precipitation, 
basic bismuth and antimony chlorides, if present, would bo precipitated. The 
silver chloride is boiled with hydrochloric acid, and washed with hot distilled water 
until free from acid. The silver chloride can be reduced to metal by boiling it with 
invert sugar and sodium hydroxide ; by the addition of an aqueous solution of 
formaldehyde, ammonium formate, etc* The precipitate in any case is thoroughly 
washed, and if desired, it can be fused to a button in a crucible under boFax. The 
chloride can also be reduced by fusion with about half its weight of sodium carbonate 
and one-sixth its weight of potassium nitrate in a porcelain crucible* The so-called 
mofecular stfuer,used in organic chemistry, is a grey powder which acquires a 
metallic lustre when rubbed under a burnisher, or heated to redness. It is prepared 
by washing silver chloride, precipitated in the cold, until it is nearly free from acid, 
and then bringing it in contact with a sheet of zinc for some hours* The silver 
chloride is reduced. The product is washed with dilute hydrochloric acid, then with 
water* and dried on paper in air, and finally heated to 140° or 150°. 
v It is a custom in atomic weight determinations to take the utmost precautions 
to eliminate every impurity. The materials used in preparing highly purified 
materials must themselves bo of an exceptional degree of purity. The preparation 
of absolutely pure substances is an extremely difficult, if not an impossible task. 
Liquids, said T* W, Richards,^ often attack the containing vessels and absorb gases, 
crystals include and occlude solvents, precipitates carry down polluting impurities, 
dried substances ding to water, and solids, even at high temperatures, often fail to 
discharge their imprisoned contaminations. Every substance, added T. W. Richards, 
must be assumed impure until proof bo the contrary can be obtained. 

J. 8. Stas, in his celebrated investigation on the atomic weight of silver, pre¬ 
pared highly purified silver by boiling vhe chloride with sodium hydroxide and. 



SILVER 


309 


aufl&r; by inducing the nitrate with ammonium formate and acetate, although, a* 
T. W> Richards has shown, the formate alone is better since it introduces less carbon 
aa impurity in the porae of the crystals. J, 3. Stas also reduced the silver with 
ammonium sulphite. 

(1) J. S. Sta»* profxss^ln one process, J. S, Stas started from samples of silver contain¬ 
ing ooppot as the chief impurity. Dissolve the metal in diluto boiling nitric acid ; evaporate 
to dryness; heat the residue until it fuses so os to decompose any platinum nitrate which 
may be present. Dissolve the cold mass in diluto ammonia, and after standing 24 hrs, 
filter through a double filter paper, and diluto tho ammoniac*! flotation of silver and copper 
nitrates until it contains the equivalent of about 2 per cent, of silver. Add enough of a 
soln. of ammonium sulphito to precipitate tho whole of the silver—the exact amount is 
determined by a preliminary trial by running the ammoniaca! silver seta, from a burette 
into a definite volume of ammonium sulphite eoln. until the liquid above tho precipitate 
appears faintly blue. The ammoni&cal copper nitrate solution appears blue only when the 
silver nitrate has been all reduced. About one-third of tho total silver will be found to have 
precipitated when the liquid has stood 24 lira, in a closed vessel. Decant tho blue liquid 
from the pr^ipitata and warm the soln. to about ft0° or 70° when the whole of the silver 
will be precipitated. Wash the two portions of precipitated silver with ammaniacal water 
by decantation until the wash-liquid shows no trace of a blue colour on standing. After 
standing some days in contact with concentrated ammonia, wash tho precipitate with water 
until oil truce of ammonia has been removed. To convert the precipitated silver into bare, 
J. S, Staa mixed tho precipitate with 5 per cent, of its weight of previously calcined borax, and 
0-5 per cent, of sodium nitrate, and fused it in a porcelain crucible- Tho metal was cast in 
moulds mndo from a mixture of calcined and uncalcincd china clay. The cold bars ware 
cleaned with fine fiflnd, and heated with purified potash lye in order to remove the loat 
traces of clay from tho bare. If the bars are cut with a chisel for use, tho pieces must be 
warmed with concentrated hydrochloric acid, washed with ammonia, and then with water. 

J. & Stos freed the silver from traces of absorbed gas by distilling tho metal in an apparatus 
resembling Fig. 0. 

(2) T< W. Rkfiafds and ft, C. Wefts' process. —According to T, W, Richards and 

K. C. Wells, 21 SW silver waa probably contaminated with occludod oxygen, 
alkalies, etc., derived from the vessels used in tins operations. T. W. Richards and 
R, 0, Wells, in conscqueuco, used vessels of porcelain or quartz instead of glass. 
Gr. P. Baxter and no-workors have described modifications of the process. 

A dilute soln. of rocryata]]jzed silver nitrate was precipitated as chloride by means of 
hydrochloric acid, and well washed, The silver chloride in a silver dish was converted into 
metallic silver by treatment with invert sugar and sodium hydroxido which had bean 
previously purified by electrolysis until ail the iron had been deposited. The precipitated 
silver was fused to a button on a block of lime while exposed to the reducing dame of a blast 
gaa'blowpipe. This silver was found to bo extremely pure for it oontained hot 0-001 pet 
cent, of impurity derived from the sulphur and carbon of the coal gas-flame, a trace of 
unreduced silver chloride, and possibly some cavities or pores holding gas. To purify 
further tho silver, T. W. Richards and R. C. Wells placed the button of silver on a watch 
glass, and wholly submerged tho two in a cone, soln. of silver nitrate prepared from the 
soma silver. The button of silver was mode the anode, and the cathode was a piece of 
highly purified silver. On electrolysis, a;t a line crystalline powder of electrolytic silver was 
obtained. In order to exclude contamination, no metal but silver was Allowed to comn in 
contact with the electrolyte. Tho crystals of silver were probably contaminated with the 
mother liquid from which they were deposited, and from which they were freed by fusion 
in an atmosphere of hydrogen on a boat of lime, heated to bright redness in a porcelain tube. 
Spectroscopic testa, capable of detecting 0 0001 per cent, of lime, failed to detect calcium 
in the motel. The silver was freed from adherent lime by scrubbing the piece with hard 
sand* and by successive treatment with dilute nitric acid, ammonia, and water. The Httlo 
bars were finally dried at about 40G a ra voeue. 

For colloidal silver, vide gold. 
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$ 4. The Dtttiverization of Lead 

Galena usually contains a little silver, and most of the silver follows the lead 
during its extraction. In some caaes, the silver is even more valuable than the lead 
itself—^.j* at Freiberg, Colorado, and Broken Hill. The lead from furnaces often 
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contains sufficient silver to pay for its extraction ; the lead at Freiberg, for instance, 
contains about 96 + 67 per cent, of load and 0'55 per cent, of silver. The lead is usually 
desilverized by Pattinson’s or Parked process, and in rarer cases, by cupellation or 
electrolysis. The choice of the process is determined by local conditions. Other 
things being equal, it is reported that at Ems: 1 

CuiKsUft* ruttinsoii'n ParkiV 

tlon, proceta. proem. 

Cost of tfentmuiit . 3 1 L 6 J unit, 

' ptrceixtago roco very of ail ve. ant J lead .0 04 0118 Oflfl unit* 


The first operation in desilvermg load by Pattin&on’s or Partes 1 process is to 
soften the so-called hard-lead—Hartbki —from the blast-furnace, b)' melting it in a 
reverberatory furnace with a shallow bed, ami with the walls cooled by a water- 
jacket where they are most likely to be attacked by the metallic oxides formed in the 
operation, Tho metal is melted at a low heat and stirred ; most of the copper rises 
to the surface and is skimmed off as dross ; at a rather higher temp,, much tin is 
removed ; and at a still higher temp., arsenic, antimony, and many other metal 
impurities are removed as oxides with some litharge. The hard-lead, thus freed 
by liquation and oxidation from the impurities which make it hard and brittle, 
is called 3&fld#(d--Wekhblei. 

PattinsoiPs process for desUvering lead.— In 1833, H. L. Fattinson* noticed 


that on heating a bar of load containing a small proportion of silver, thy first drops 
which oozed out w T ere richer in silver than the residual lead ; and conversely, with 
bars of lead with a relatively high proportion of silver, the first drops of metal which 
oozed out contained less silver than the residual lead. These phenomena wens 
generalized only when the laws of soln t had been elucidated further than was the 
case in Fattinsun's day; but the facts sufficed for the development of a highly 
ingenious process fur the desilverization of lead. 

Molten lead and silver mix together in all proportions, and the m,p. of all 
possible alloys of the two metals, with less than in per cent, of silver, are 


indie ail'd in Fig. 4. There is a eutectic temp, at 
3f)3 r> , when the molten lead contains 2'4 per cent, 
of silver. The part of the curve on the lead side of 
the eutectic is alone concerned in Pattinson's process 
If a molten mixture of lead with, say, GO per cent, 
of silver be allowed to cool, when the temp, reaches 
648^, some wilver (contaminated with a little lead) will 
separate from the soln. The remaining fluid id richer 
in lead than it was before, and consequently remains 
fluid, but as the temp, falls, more silver will separate 
from the aoln. and the mother liquid will continually 



get poorer and poorer in silver until but 21 per cent, 
remains. The whole will then freeze ev Idoc at 303°. 
If the molten mass contains less than 2 4 per cent, of 


Fiq. 4.--The Kuteetic Por- 
lion of Fretting Cufvt? ol 
Silver-Lead Alloys. 


silver, it will freeze somewhere between 327 g and 303°, 


and lead (contaminated with a little silver) will separate from the soln., and continue 
separating until the mother liquid has 2'4 per cent, of silver, when all the remaining 
silver and lead will freeze tn masse. In Pattinson’s process, the softened lead is 
melted, and the molten mixture, containing lees than 2 r 4 percent, of silver, is allowed 
to cool slowly. The crystals of lead which separate from the cooling soln. contain 
more lead than the original soln., and form a kind of mush. The crystals are ladled 
with perforated ladles into a neighbouring pot on the right until one-eighth to one- 
third of the liquid remains. 3 The enriched alloy, remaining in the pot, is ladled to a 
pot on the left. The operations are repeated on both fractions time and again, 
until the enriched lead contains about 1 per cent, of silver, and the desilvered lead 
contains but0001-0 002 percent, of silvcr^-in practice, tho desilvered lead has about 
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10 d wts. or lew of silver per fan* In praofcice, the enriched lead boa 300-600 ozs. of 
silver per ton. When the ladling from kettle to kettle is done by hand, thane may be 
a now of eight to sixteen pots; the last pot on the right is the marht-jtoi t and it 
contains the delivered lead. The impurities, antimony, bismuth, and nickel, 
associated with the salt lead follow the silver, and at Freiberg, the bismuth is 
recovered from the litharge formed during the cupellatiom Arsenic follows the 
lead, and the copper remains equally distributed with both fractions. 4 The market 
lead produced by Pattinson'a process is soft and fairly pure. 

In a modification of Pattinson T s process—called Rouui’b process 6 —the base- 
bullion is melted m tilting kettles which discharge into a crystallizing kettle; 
steam is then blown through the latter until about two-thirds of the lead has 
crystallised, and the enriched portion is removed by tapping. The process is 
repeated until the lead is sufficiently desilverized. 

Parkes 1 process far the desilverization of lead.— In 1842, C. J. B. Karston * 
discovered that argentiferous lead could be desilverized by means of zinc, but the 
process was not practicable until A, Parkes developed the subject about 1850. If 
I to 2 per cent, of zinc be stirred into argentiferous lead, just above its m.p. * it 
appears as if the affinity of silver for zinc is greater than it is for lead, because the 
zinc deprives the lead of ite silver and floats as an alloy on the molten lead. The 
surface crust of the zinc-silver alloy freezes before the lead, and the two can be 
separated by skimmiug tin; surface of the molten metal. In practice, the zinc added 
to the lead is kept between 0 8 and 1'5 per cent., and the composition of the zinc- 
silver crystals ladled off, is dependent upon the temp., and on the relative propor¬ 
tions of the two metals present. Gold in the argentiferous lead passes with the 
silver to the zinc ; arsenic, antimony, and bismuth, for the main part, follow the 
lead ; platinum, palladium, cobalt, and nickel follow the zinc. 7 Consequently, the 
lead from Parkes 1 process is not freed from bismuth during the operation as is the 
case with Pafctinson^ process. To avoid an undue consumption of zinc, it is 
necessary to soften the lead by a preliminary purification an in the case of 
Pattinsonh process. Usually, the zincing of the lead is performed two, three, or 
more times, the temp, being raised each time. Finally, the desilvcred lead contains 
but 0 0005 per cent, of silver. The desilverizafcion can bo carried much further by 
this process than is practicable with Pattinson^. The mixture of zinc, lead, and 
the precious metals is liquated by heating it on an inclined surface hot. enough to 
melt the lead, but not the zinc alloy ; or else it is subjected to press, as it is lifted 
from the kettles containing the molten alloy. In either case, the lead flows away, 
and the enriched scum remains. The zinc can be separated from the silver, gold, 
and lead by distillation from plumbago retorts; the residue in the retort is 
cupelled, and, if necessary, parted, as described for gold. The solubility of lead 
in zinc varies considerably with temp. At 54U U , silver is about 300 times more 
soluble in zinc than in lead, and at 3.58°, about 3000 
times more soluble. Above 94Q a , the two metals are 
mutually soluble in all proportions, below that temp., 
the liquid separates into two layers—the lower layer 
represents a soln. of zinc, in lead, and the upper layer 
a soln. of lead in zinc. The two solubility curves 
meet at about G4D C , forming a closed curve as illus¬ 
trated iu Fig. 5. The temp, 940° is the critical soln. 
temp. If from 1 to 2 per cent, of zinc be stirred into 
molten lead, the liquid separates into two layers, the 
mo & *o to o%Pb lighter zinciferous alloy floats on the surface of the 
Fig. 5 .—Mutual Solubility heavier plumbiferous alloy. If silver be present to the 
of Lead and Zino. lead, it will divide itself between the two layers so 
that a considerably larger proportion of the silver 
accumulates with the lighter layer. C. E. A. Wright and C. Thompson 8 deter¬ 
mined the composition of the two laye^ with varying proportions of the three 
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metals after they had stood for 8 hra. between 750° and 85Q P ; a election from tlieir 
results is indicated in Table III, Q. N. Potdar measured the partition coetf. of 


Table III—Tub Disthibution ox SiLvjce between Zinc and Lead. 



Heavier layer. 



Lighter layer. 


Silver. 

| Lend. 

KJjic. 

Silver. 

Lead, ! 

ZJJK!. 




— — . 

--- 

■■■—-- 

0 

1 O-9S70 

0*0130 

0 

00157 

0-9843 

0-0002 

j 00804 

0-0134 

00934 

0 0251 

0-8815 

0*0026 

09708 

00207 

0-2228 

0 0750 

0-7016 

0 0220 

j 00046 

00128 

0-4893 

0 0382 | 

| 0*4725 

01075 

! 0-8095 

0 0230 

00193 

0-1028 

1 0-2770 

i 

i 


silver between the lead and zinc, but the numbers are not altogether satisfactoiyj 
although the partition coeff. was nearly constant for the more dil. soln. up to 
about 6 per cent, of silver, e.g.: 

Silver in light layer ♦ . 01b 0'&» 214 4'43 642 020 

Silver in heavy lny'r , . 0 0030 0 0037 00006 0*0198 00100 00197 

Partition coeff. . . .250 207 223 220 320 317 


The many compounds of zinc and silver, contrasted with the failure of silver and 
lead to form any compound, show the greater affinity between zinc and silver, than 
between silver and lead ; this may also have some connection with the fact, 
indicated above, that at about 510°, silver is 300 times more soluble in zinc than 
in lead. F, Kossler recommended the addition of 0 5 per cent, of aluminium 
to the zinc so os to give it a greater resistance to oxidation, 

Electrolytic process lor desHverization oi lead. —Lead has also been delivered 
electrolytically. Base^buHion is used for the anodes ; sheets of highly purified lead 
are used for the cathodes; and a soln. of lead fluosilicatc is used as olectrolyte. 
Otherwise, the process is analogous with the refining of copper hy electrolysis. 
Gold, silver, and bismuth are recovered from the anode slime. 10 


1 II. I 1 * 3 * * * 7 ’. Collhift, The Metallurgy of LntfL l»ndon, 360, If+lU. 

a II. Pattmjioj], Brit. Pa& Bo. 6487, 1833; Jottru. jnakt. Clirtn., fl), 10. 321, 1837 
F. Pcridi, iitrg. Butt. Zty., 21. 231, 1802; F. le Play, Attn. Mutt*, (3), 381, 1836; M. Rfewag, 

Al&fttllwgtr fit fa d&argctitation (k* pkmlts argetotiferw* Fariis 1884. 

3 (I A. Stutefcldt, Btrg. Iltot. Ztg„ 22. 64, 09, 77.297, 381, 1863. 

1 Alien, Berg, Hntt.Ztg u 4S. llfl, JHKG; CL RSunler, i’6„ 48. 387, 1SS9. 

A L Romm, Attn. Mines, [7}, 3. Kill, 1873; A. Zdinhal, Otaicr. Jtiftrb 38, 1, 1800. 

1 U J. B. Karetcn, Karatcn's Archie 10. 5117,2829; 20, 295,1834; A. Parke*, Brit. Put. Bo. 
13118, 1850 s 13997, J852 ; Dingin'* Journ., 110, 460, 1851; 123, 310, 1802; C. Sohnabfll, t &., 
228. 1H6, 1878. 

7 C. KirehhoJf, Met. Mv. t 1. 224, 1878; Dinghr'a Jvant., 22R 205, 1878; CL lleberlrbi, Berg. 
Jim Ztg„ 54, 42, 1805 ; C Sclumbel, Mebdktataikvnde, Berlin, 1, 530, 1001 ; H- 0. Holman, 
Tin MftfiUu m of Uad, New York, 430, 1908. 

* ( 1U. Wright and Cl Thomson, Proa. Boy. Soc., 48. 25, 1800, 

* G. N. Potdar, Jaunt, ColL Science, Tokyo, 25, 9, 1907; W, Spring and L, RomuioS, Zeit. 
unary. Chcm. t 13. 29, 1897; B, Bpgiteoh, Cwnpt. RewL t 169, 178, 1914; P. Boiler, Brit. Put, 
Bo. 04410, 1892. 

1C A. O. Betta. filoctrochcm. IwL, 1, 407, 1903 ; Lead Ikfainy by Elrdrolyatt, New York, 
im 
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S 5, The Purification ol Silver; and the Separation of the Metal from its 
Compounds 

Commercial electrolytic silver may contain 0 f5 per cent. of impurities, and silver 
prepared in the dry way is of a still lower degree of purity* The impurities which 
have been reported include lead, copper, gold, bismuth, antimony, arsenic, platinum, 
palladium, selenium, sulphur, etc. A common method of purifying the silver is to 
dissolve it in dil, nitric acid and precipitate the silver from^he soln. of the nitrate, or 
precipitate the silver as chloride, and subsequently reUuee the chloride to the metal. 
Silver is readily reduced from most of its compounds. V. Kohlschiitter and 
E, Eydmann 1 reduced silver oxide, nitride, hyponitrifco, nitrite, carbonate, and 
oxalate by tho mere application of beat; and also by warming the oxide in hydrogen 
or carbon monoxide. P. Laur found that hydrogen developed in a liquid in which 
silver sulphide, chloride bromide, or iodide is suspended reduces these salts to the 
metal; and A. Jaqucs that a soln. of silver acetate is reduced by hydrogen ; and 
H. Vogel that the saint! soln. is reduced slowly when boiled. 

F. Mohr 2 reduced the chloride by mixing it with one-third its weight of resin, 
and gradually raising its temp,; when the resin is burned away, some borax is added 
and the mixture heated to the m.p, of the metal, Tho process is very messy, 
6. C, Wittstein used wood charcoal in place of resin. The reduction is ascribed 
wholly to the hydrogen of the charcoal, for (a) no chlorine is evolved, but hydrogen 
chloride alone is given off, and (6) no reduction occurs if pure carbon be substituted 
for the charcoal, J. $. Stas recommended re-melting the metal with 5 per cent, of 
borax, and i per cent, of soda nitre in an unglazed porcelain crucible. J, Thallwitz 
mixed wood charcoal and sodium dioxide with the silver chloride in a clay crucible* 
In a short time a vigorous reaction spontaneously occurs, and a button of silver is 
formed. J. L. Clay Lussae reduced silver chloride by heating it with a mixture of 
calcium oxkb'imd charcoal; but, according to J. B. Trommsdorff, and P t T, Meissner, 
the reaction is incomplete. J. E. F. GIcsc, E. Mohr, etc., fused silver chloride with 
alkali carbonate, but J. L. Proust found that the reaction is incomplete since some 
decomposed silver chloride remains as a residue when the silver is dissolved in nitric 
acid. 

Silver chloride is reduced to the oxide when boiled with a eon* 1 , snln. of potassium 
or sodium hydroxide. The oxide is washed, and heated until it decomposes and 
melts; if any undecomposed chloride is still present, a little alkali carbonate is 
added. According to W, Gregory, 3 there is no fear of the loan of silver chloride by 
its sinking into the crucible, or spitting. Silver chloride is reduced to the metal 
when boiled with a soln. of alkali hydroxide or carbonate mixed with a suitable 
reducing agent. A. Lewi, J. L. Casaseca, and F, Mohr used sugar ; H. Vogel and 
J. S, Stas used lactose ; P. A. Bolley used sugar, glycerin, or honey—It is probable 
that the reaction is not always complete; R, Bottgcr and E, Brunner, and 
C. A. Muller usttd dextrose; T. W, Richards and R. C. Wells, G. P, Baxter and 
H. C* Chapin, and W. Wicke used invert sugar; L, Vanino, and V. Kohlschutfcer 
and E. Eydmann used formaldehydo ; G. D. Buckner and G. A. Huletfc, ammonium 
formate. J. Guarescbi reduced silver bromide by warming it with chromic 
anhydride; E, H, Booth reduced an ammoniacal soln. of silver chloride with sodium 
dioxide; F. Mawrow and G. Mollow found that silver chloride is slowly and quanti¬ 
tatively reduced by hypophosphorous acid. 

Moist silver chloride is reduced to the metal when placed in contact with iron or 
zinc; a little diL sulphuric or hydrochloric acid hastens the reaction. The reduced 
silver is washed with dil, acid, then with the hot water, and dried. It then appears 
as a soft grey powder; it is then mixed with borax and then a little nitre, and fused. 
According to F. Mohr, and IV, Gregory, the reaction is incomplete, and the washing 
with acid does not remove all the zinc nr iron from the silver. A* Gawafowsky also 
studied the reduction of silver chloride by zinc. M* Grager reduced a sain, of the 
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silver chloride in aq. ammonia with zinc, and found that the silver is simultaneously' 
separated from copper—if that element be present. The silver chloride can also be 
triturated with an excess of mercury ; a silver amalgam is formed from which the 
mercury can ho separated by distillation* as in the amalgamation process—vwfe 
infra . E. Yigouroux used aluminium in the presence of 10 per cent, hydrochloric 
acid ; the acid can be replaced by ammonia, and the water by benzene, ether* or 
chloroform, 

N. W, Fischer** and J. E. F. Giese placed silver chloride with water in a glass 
cylinder closed at out! end by a membrane ; the cylinder rested on a zinc plate im¬ 
mersed in water, and electrical connection with the water in the cylinder was made by 
means of a platinum or silver w ire. The chloride was reduced in about a week’s time. 
E, Brunner, F. Wandesleben, and 0, Pfeiffer covered a platinum, silver, or copper 
dish with wax, leaving a round patch of the metal exposed on the bottom. The dish 
was plat ed on a disc of amalgamated zinc resting in a larger dish. Sulphuric acid 
was poured into the vessel so that the smaller dish containing silver chloride was 
wholly immersed. The silver chloride was reduced in about 24 hrn. Any of the 
halide not reduced was removed by washing with aqua ammonia. J. E. F. Giese, 
N, Griiger, W. Gregory, F. A, Bolley, R. Bbttgcr, C. A. Muller, and 0. Kilim have 
used modifications of the process. J. Nicklfcs, and J. S. Stas obtained silver of a 
high degree of purity by the electrolysis of a solo, of silver chloride in potassium 
cyanide. L. Kahlenberg electrolyzed a solu, of silver nitrate in pyridine, R* Lorens 
and A. Helfenstein electrolyzed fused silver chloride ; and T, W. Richards and 
W. N. Stull electrolyzed a soln. of silver nitrate in a molten mixture of sodium and 
potassium nitrates. 

According to A. Vogel ,sulphurous acid gives a white precipitate with soln* of 
silver Its which turns grey on boiling, the mother liquid retains silver, and it becomes 
turbid when allowed to stand for some time. A. Pleisehl said that sulphurous acid 
gives white flakes which turn yellow, then brown, and then contain silver sulphide. 
He also found that ammonium sulphite precipitates white silver sulphite which 
becomes covered with a shining film of metal—slowly at ordinary temp., rapidly 
when heated. The reaction of potassium sulphite, said A. Pleisehl, resembles that of 
sulphurous acid, H. Rose found cwproti* Q$\de precipitates from silver nitrate soln. 
a grey-colonred mixture of silver and basic cuprio nitrate, and a mechanical mixture 
of copper and cupric oxide was found to act in a similar manner. P. Sabatier found 
the reaction is exothermal, and with a mol of silver in two litres of water the pre¬ 
cipitate has the composition 6Agd-3Cu0.Cu(NtX,) 2 .3H 2 0. The precipitate from 
a boiling soln. has virtually the same composition* J. H. Gladstone, and A, Geuther 
observed that a warm solu. of silver nitrate dissolves cuprous oxide and at the some 
time crystals of silver are formed. R. Heumann ana R. Schneider obtained a 
mixture of metallic silver and silver sulphide by the action of cuprous sulphide on a 
tfolm of silver nitrate. K. Emszt obtained silver and silver chloride by acting on 
silver nitrate with cuprous chloride; N. A. E. Millon and A. Commaille reduced 
ammonia( al soln. of silver salts with an atnmoniacal soln. of cuprous chloride; and 
J, 8. pStas utilized the reaction in the preparation of silver from the ammoniacal soln. 
of a silver salt contaminated with copper. When ammonium sulphite is added* the 
copper is reduced to the cuprous form, and that reduces the silver to the metal 
which is precipitated in a finely-divided condition. A. Geuther mixed the soln. of 
nilver with ammonium chloride and treated it with an alkaline soln. of sodium 
hifpopko&pfta^Gj whereupon silver is precipitated and any copper present remains in 
sob. 

According to H* Rose, a soln, of tftwtnotta chloride in small quantity gives 
a white precipitate of silver chloride* while an excess of the tin salt gives a 
brownish-black precipitate of metallic silver* When the soln* of silver nitrate 
nnd stannous chloride are very dil.* J. Percy obtained a rich yellowish-brown 
liquid, probably colloidal silver* The colour resembles that of glass stained with 
silver, for " the silver-stain of glass majT be due to metallic silver in an extremely 
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fine state of division;’ H. Sohuli obtained a colour analogous to that of purple of 
Cftflsiua by stirring stannoua hydroxide with water and a neutral soln. of silver 
nitrate and then gradually warming the mixture. Here again the colour of the 
purple of Cassius is probably a kind of lake in which stannic oxide is tinted 
with the finely-divided metal, just as M, Faraday could flay, “ I believe the purple 
of Cassius to be essentially finely-divided gold associated with more or lose oxide of 
tin," H. Rose also found that a sob, of stannous sulphate produces a precipitate 
which ia at first white, but soon becomes black or brownish-black, and retains this 
colour on boiling; and when this precipitate is heated 1 with hydrochloric acid, 
metallic silver remains, F, Gufcakow, and L. Bexlandt treated a hot sob. of silver 
nitrate or sulphate with one of ferrous sulphate, silver is precipitated, copper remains 
in soln. The reaction was noted by J. Keir, and, according to J, L. Proust and 
C. F. Buchols, the precipitated silver may redissolve in the sob, of ferric sulphate 
when boiled. With silver nitrate the reaction is symbolised: SAgNCtj-h'iFeSC^ 
^FcjjfSGjJa+F^INOa^+aAg, G. Wetzlar, J, E. F. Gieee, and A. Yogel found that 
silver bo obtained is contaminated with some iron, particularly if the sob, bo dil., 
presumably owing to the simultaneous precipitation of a basic ferric salt. Accord¬ 
ing to H. Rose, if the sob. of silver nitrate be mixed with ferrous chloride, the 
addition of ferrous sulphate precipitates silver chloride not the metal, and he added: 

It moist oxide of silver be added in aufRcient quantity to a soln. ol ferrous sulphate, the 
former becomes deep black, but ia still converted into silver after some time, and only 
acquires greater stability when the quantity of silver oxide is very predominant t the 
filtered liquid then contains no iron, but only silver sulphate. The black compound ia 
obtained most readily and of the greatest stability, when a soln, of silver nitrate is mixed 
with so much ammonia that the small quantity of silver oxide separated is rediesoJved, and 
an excess of this soln* in dropped into a soln. of ferrous sulphate. A deep black precipitato 
» then formed immediately, which has so remarkably strong a colouring power that the 
smallest nu&ntjty of ferrous or argentic oxide may be thereby detected. In the first case, 
the slightly ammoniacal soln. of silver oxide ta as sensitive a reagent as the soln. of potassium 
fcrrocyanide and ammonium sulphide. Tho black precipitate is very stable, and undergoes 
no change in the air. At a dull red hoat it only Ioms water, but it ia not otherwise changed 
in composition ; at a stronger rod heat it is converted into silver and ferric oxide. By 
trituration ia an agate mortar, it acquires a metallic lustre. It is changed dfl. hydro¬ 
chloric acid into silver chloride, silver, and ferric chloride ; but the quantify of silver 
separated is not very considerable : it is greater when the substance is treated with Hil, 
acetic acid. By nitric acid, ferric oxide is first separated, whilst silver dissolves with 
evolution of gas ; complete sola, takes place on the application of heat. When trcatfil 
with a soln* of auric psrehlorido, silver chloride is farmed and gold separated. Tho com¬ 
pound when variously prepared has the game composition: it consists of AgO+SFcO 
^FeiOa, where the feme oxide acta os an acid towards the two basea, A compound of 
AgO-fFojO,, without ferrous oxido, may be obtained by dissolving silver oxido in ammonia- 
wflter and adding thereto a soln. of ferrous sulphate, the former soln. being in groat exccse. 
When ferrous and silver oxides are combined with weak acids, the soin, of those neutral 
compounds form the black precipitate of silver oxide, without the addition of ammonia or 
any other base. If femme and silver acetates be used, the black compound is immediately 
produced, but under the influence of tho free acids becomes white of itself in course of time, 
changing into silver, A far greater quantity of the compound of silver oxide is, however, 
produced when the free acids are sat. by a small quantity of a base, 

J, Seymour showed that the reaction between ferrous sulphate and silver nitrate 
occurs in darkness os well as in light. Tho action of ferrous sulphate on silver salts 
has been also studied by V, Kohlschutter and E*Fi&chmann, H. Vogel, etc. L, Pissar- 
jewsky obtained indications of what ho regarded as two different modifications of 
silver by reduction with ferrous salts —vide aUotropic and colloidal silver. F. Kessler 
reduced a neutral soln. of a silver salt with a mixture of sodium and ferrous acetate, 
C. Palmer and E* S, Bastin found some natural sulphides of copper, cobalt, and nickel 
precipitated silver from dil, soln, of the sulphate; pyrite and galena were inactive. 
J, M, Eder found potassium ferrous oxalate reduces silver nitrate to the metal. 
There is no decomposition when a soln. of manganous sulphate ts added to one of 
silver nitrate, although a black precipitate may appear after a very long time; but, 
according to L, Schnauberfc, and F. Wohler? when alkalies are added to a mixed soln. 
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of a silver and a manganous saltt a black mixture of silver aud manganese dioxide is 
ureciiHfc&ted* X X Ebelmen found wranotis oxide decomposes silver nitrate without 
iny evolution of gas producing metallic silver and uranic nitrate. According to 
B A AVawriusky, when a mixed sob. of copper and silver nitrates is treated with 
magnesium' carbonate, the copper carbonate is precipitated between 4D y and 50°, 
and silver carbonate over 60°. 

According to V* Kohlschiitter and E, Fischmann, hydrazine hydrate precipitates 
silver from the ammoniacal solm of a silver salt, EL Fresenius and H, Neubauer 
found a dil. sob. of silver nitrate is more rapidly reduced by phosphorus than a cone, 
soln. Finely-divided phosphorus, observed J, S, Stas, slowly reduces a 1 per cent, 
soln, of silver nitrate to the metal. With a cone, soln. of the nitrate and yellow 
phosphorus, T, Poleck and K. Thiimmel obtained first a yellow liquid owing to the 
formation of AgjP^AgNQa, which is than reduced to silver phosphide, and W. Wickc 
found that a cone. soln. slowly deposits crystalline silver on tho phosphorus. 

J. Phillip obtained silver phosphate as well as phosphoric and phosphorous acids 
bv warming a nitric acid soln, of silver nitrate with phosphorus. J. B, Senderens 
represents the reaction with red phosphorus : lOAgNOs+aP+SHjjO^loAg 
4-2HsPO t +10HH(V The reduction of silver nitrate sob. hy phosphorus is 
utilized in electro-plating. 

According to G, Shaw, thu article to be plated is cleaned and dried, and then dipped in a 
soln ol phosphorus in twelve times its weightof carbon disulphide Aa the solvent evaporates, 
a film of lively divided phosphorus remain a on the aurf&ce. The article is then immersed 
in a soln. oE silver nitrate. In this manner, tlifi most delifiate objects, such as Iaoa, feathers, 
justicta and fruity indeed, anything which will bear immersion in liquid, may be coated with 
a film of silver. Mrs. Fuihame a similar process in 1794. 

According to C. J. D. von Grotfchuss, characters written on paper with a sob. of 
silver nitrate, and placed in a bottle containing phosphorus and atm, air, are 
blackened owing to the reduction of the nitrate to the metal. According to 
\V llcrapath, the early Egyptians in arkod linen w ith a sob. of a silver salt. F, Mawrow 
and G, Moltow quantitatively reduced silver chloride to the metal by treating it 
with hypophoiphoroits add. A. Wurts reduced silver nitrate with the same agent. 
The brown precipitate produced by phosphine in a sob. oi silver nitrate or sulphate 
consists of metallic silver, vuk silver nitrate. P, Pascal found that atkaUfirropyro- 
phosphate , M fi Fe 2 (P a 0 7 ) a , reduces silver nitrate to the metal E. Soubeiran, and 
J r L Lassaigne reduced dil. sob. of silver nitrate to the metal by treatment witb 
arsine; with cone. soln. a double compound is formed. % Pozzi, and H, Reckleben 
and co-workers found arsine reduced ammoniacal soln. of silver salts, H. Reckleben 
and A. Giittich found stiUne behaved like arsine. According to T. Poleck and 
K, Thummel, when finely divided arsenic is added to a neutral cone, soln, of silver 
nitrate, a yellow colour is developed, and the win. reacts acid ; nitric and arsebous 
acids are formed, and silver is precipitated, N. W. Fischer found that arsenic 
reduces aq. or alcoholic sob. of silver nitrate, forming, according to J. B. Sendeiens, 
arsenious oxide ■ antimony reduces the aq. nitrate or carbonate suspended in water, 
but it does not reduce the aq. sulphate or alcoholic nitrate, T. Poleck and K. Thiim- 
mel found that if precipitated antimony be added to a very cone, sob, of silver 
nitrate, a black precipitate of presumably silver antimonide is formed, and the sob. 
react* acid ; with the addition of more antimony a grey substance is precipitated, 
oxides of nitrogen are evolved, the sob, becomes warm, and the acidity disappears. 
The grey substance is presumably a mixture of antimony trioxide and silver. Black 
silver antimonide is precipitated from dil. sob, of silver nitrate (1:80) and the sob. 
becomes warm ; J. B. Senderena says the precipitate is metallic silver ; and R. Bar¬ 
tels, that a vigorous evolution of gas occurs. According to J, B, Senderens, no 
gas is developed with ^tf-AgNO^ and the reduction is incomplete because a 
protective crust of antimony oxynitrate is formed, but from a or JJY-aob. 
the silver is quantitatively precipitated, some free nitric acid is formed and very 
little ammonium nitrite. According to N. W, Fischer, bisnwth reduces the aq, or 
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alcoholic nitrate; and the carbonate suspended in water; but not the aq. sulphate. 
C. H. Palmer and E. & Boatin found that the arsenides of copper, cobalt, and nickel 
reduce a dil. sain. of silver sulphate to the metal. 

The metallic precipitation of silver* -'In his memoir Das VcrMtni&s dervhemischen 
VemandxcJiqft mr galmnischen EUclricitiil y in Yersuchm dargesteUi (Berlin, 1830), 
N. W, Fischer 7 showed that silver is precipitated in the metallic state from aq. eoln, 
of the nitrate hy metaUic lead, zinc, cadmium, mercury, tin, iron, copper, bismuth, 
antimony, and arsenic* The time required for the precipitation varies with the 
kind of metal employed* It is shortest with the first twe elements, and the others 
require a longer and longer time and that in the order named. Excluding antimony, 
the reduction of silver from alcoholic soln, of silver nitrate is likewise affected by 
these metals* The metal is also reduced from the tinmiomaeal solm of the nitrate 
quickly and completely by zinc, cadmium, copper, and arsenic ; slowly by cobalt, 
mercury, and antimony ; and not all by iron, manganese, nickel, or bismuth. Silver 
is also reduced from the molten nitrate by zinc, cadmium, tin, and copper, though 
not all, or very slowly, by certain other metals, J h B, Setidereus studied metallic 
precipitation with the object of testing Kiehteris law, but he found that with silver 
nitrate, the law does not describe the facts because the displacement of the silver is 
always accompanied by a reduction of some of the nitric; acid. According to 
A. Guntz and F. Martin, finely-divided manganese, nickel, cobalt, and copper, 
reduce silver nitrate dissolved in strongly ionizing, nou-aqueous solvents. Thus, in 
liquid ammonia these metals form ammino-salts of the type M(NOg)o.rcNH 3 ; 
similar remarks apply more or less to sain, in acetone and henzonitrile. 

A* Chevallier found that dry silver nitrate is reduced to the metal by copper. 
As just indicated, N. W. Fischer found silver to be precipitated by copper from oq. 
or alcoholic snln. of the nitrate, and from the molten salt. According to J. L. Gay 
Lussac, the silver precipitated from aq, soln. of the nitrate is at first fairly pure 
but that later deposited is mixed with copper which dissolves out when the contami¬ 
nated metal is immersed in a soln. of silver nitrate. J. B. Scnderetis found that only 
65 to 68 per cent, of the silver can be displaced by copper from the nitrate; some 
ammonium nitrite is produced, and the presents of air leads to the deposition of 
some basic cupric salt. W* Hampe observed that with n cold soln. of silver 
nitrate, copper first gives nitric oxide and then forms some cupric oxide, which 
is decomposed by the excess of silver nitrate ; the precipitated silver contains 
traces of copper. The phenomenon has been also studied by M. Lucas, and 
L* Vignon. 

J, H* Gladstone and A. Tribe found that if a plate of copper bo suspended in a sola, 
of silver nitrate, so that the suspended metal reaches neither to tho top nor the bottom of 
the liquid, and if the percentage cone, of the salt (■ bo expressed by series of powers of 2, 
the rate of chemical action V will be expressed by the corresponding powers of 3, such that 
for ecmc. represented by 1, % 4, 13, . . the rate of chemical action will be 1, 3, 1), 27. 
„ , „ The mathematical oxprosuion of what they called a new law in chemical dynamic#, is ; 
F*=fc(loff 3 -log 2}c, where 4 is a constant. Two currents are act up during the precipitation, 
a light blue ascending stream of silver and copper nitrates, and a deep blue descending stream 
of copper nitrate containing about three times os much nitric acid aa the main soln. J* W. 
Langley showed that tho true law of chemical actioni 11 the rate of total chemical action 
varies directly os the mass of the reacting body in soln., 1 ’ is here obscured by the effoats of 
gravitation, lor the access of fresh silver nitrate to the copper depends on the rate at which 
cupric nitrate soln. is removed from the copper plate, and this in turn depends an t.ho density 
of the copper nitrate soln. Gladstone and Tribe's “ 2-3 law ” is not therefore a general 
law of chemical dynamics, but a case where the law of mass action is oh&curcd by the con¬ 
ditions of the experiment. 

The action of silver on a cone. solo, of silver nitrate has already been described. 
According to N* W* Fischer, sine reduces silver from aq. or alcoholic soln. of silver 
nitrate, and also from the fused salt; it also reduces aq, soln* of the sulphate, and 
suspensions of the carbonate or phosphate in water* According to G. We talar, if 
zinc be placed in a slightly acidulated soln, of silver nitrate, from the beginning to 
the end of the precipitation, there is formed a black moss-like growth of silver 
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contaminated with zinc. The deposit assumes a lighter colour towards the edges, 
and portions detached from the mass part with the contained zinc and becumo 
white—the dark colour is restored by bringing a whitened portion in contact with 
the zinc. He added that with a neutral soln. of silver nitrate only the metal first 
precipitated is black, the metal subsequently deposited is white. N. W. Fischer, 
on the contrary, maintains that neutral sola, give alloys from the beginning to the 
end of the precipitation, while acidulated solm give alloys only towards the end of 
the deposition. If the silver nitrate soln. contains some copper nitrate, N. W, Fischer 
observed that the silver k all precipitated before the deposition of copper begins. 
According to the last-named authority, cadmium behaves like zinc, J r B. Sendurens 
says some cadmium nitrite is formed; and with the me reduction, nitric oxide, 
ammonia, and zinc hydroxide are formed. According to E. G. firyant, magnesium 
acts very much like zinc, and -I. W. Dodson obtained finely divided crystalline silver 
by the action of magnesium on a sob. of silver nitrate. 

In the fifteenth century, P. Eck dc Sultzbach, in bis Vlam phihsophorum, 1489, 
mentioned arborescent crystals of silver which are produced by the action of mercury 
on a sob. of silver nitrate. The product of the reaction was soon after called 
arbor Diants —or the tree of Diana— -e$, in J. B. Porta’s Mwfia natvraUs (Naples, 
ID58). The precipitation of silver by mercury was mentioned by R. Boyle in his 
paper On the mechanical causes of chemical predpittUion (London, 1675), and in many 
later writings; by J. von Lowenstein Kunckel in his VoUsUmtigit* LahonUorium 
chymiam (Berlin, 1707), etc. N. W. Fischer observed that when mercury is im¬ 
mersed in a sola, of silver nitrate, or sulphate, silver amalgam is formed, and a black 
powihsr said to contain silver suboxide is deposited from alcoholic soln.; mercury 
also exerts a slight action on silver phosphate and carbonate. According to A.' Ogg, 
equilibrium in the reaction between mercury and a soln. of silver nitrate is attained 
between silver and mercurous nitrates and the amalgam. Tins cone, of the mercury 
may be regarded as constant, and if a be the cq. cone, of the silver nitrate, b that of 
mercurous nitrate, and c that of the silver in tiie amalgam, tijbc is a constant if the 
mercury ions are equivalent, and os/cM if the mercury ions are bivalent. C. Burfoed 
found silver nitrate is reduced by the vapour of mercury, 

K W. Fischer found that black metallic silver is precipitated by tin from a soln. 
of silver nitrate or sulphate, a brown powder is formed at the same time, and the 
liquid is tinted brown. Tin precipitates but a little silver front an alcoholic soln. 
of the nitrate, and this only when the metal is first immersed. Tin also reduces 
dry silver nitrate, and the carbonate or phosphate when suspended in water. Ac- 
cording to J. B. Sondereiis, tlie reduction of aq. soln. of the nitrate is attended by the 
formation of stannous oxide, and ammonium nitrate. N. W. Fischer found that 
lead precipitates silver from aq. soln. of the nitrate, and, with alcoholic soln., it 
behaves like tin. J. B. Senders ns found that 2 gram-atoms of lead are required to 
displace the silver in two mols of silver nitrate, and that lead nitroaomitrate, 
N0 2 Pb“0—PbNO^ is simultaneously formed. A soln. of silver nitrate was. 
found by N. W. Fischer to be completely reduced by brass, and alloys of silver with 
nine, tin, or lead; manganese exerts but a slight action, and palladium none. 
J. B. Scnderens found al uminium to act very much like zinc, and the speed of the 
reduction increases with the cone, cf the soln. N. W. Fischer says that iron causes 
no reduction either in an aq. or alcoholic soln. cf silver nitrate, provided the soln. 
is perfectly neutral and there is no access of air ; and none occurs so long as the metal 
is kept under the soln. If, on the contrary, the soln. is not neutral, but is diluted 
to a certain degree and contains free acid, or, if the iron projects out of the soln, 
and is exposed to atm. air, reduction always follows in a longer or shorter time, 
which depends partly on the degree of dilution of the sob,, as also upon the quantity 
of free acid, and partly upon the quality of the iron itself. However, under favour¬ 
able conditions, complete reduction of the silver hardly occurs even after a very 
long time. According to H. Rose, and R Sabatier, neutral sob. of above Atf-AgNQ* 
are not attacked by iron, but silver is deposited if the dilution be greater than is 
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represented by g-ff-AgN(^, In add &oIn. of silver nitrate, the iron becomes 
passive. F. Brandenberg stated that silver nitrate may be melted in iron vessels 
without change provided water be absent* According to J. B. S^nderens* nickol 
has no action on serin, ofsilver nitrate, and cobalt acts like copper. 
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5 6, The Physical Properties of Silver 

Silver en masse is the whitest of metals, although the colour of some of the metals 
—e.y, tin* cadmium, indium, and lithium—approximates to that of silver. The 
silver reduced by the metals from the halides appears as a grey spongy mass, more or 
less granular and carth-likc, hut it immediately acquires the characteristic lustre of 
the metal when the burnisher is applied. Very thin layers of the metal on glass 
have a violet, blue, or bluish-green colour in transmitted light. According to 
F. Bothe, 1 a film of silver deposited on glass by J. von Liebig's process is so thiu that 
when held up to bright sunlight it appears transparent and of a beautiful deep blue 
colour; L. Foucault showed that the blue colour is not duo to porosity, but is au effect 
of the passage of light through the solid metal. A. K. Chmtomanos added that the 
colour of that portion of light transmitted by very thin layers of silver is bluish- 
green, and by somewhat thicker layers, yellow or yellowish-brown. H. Ambronn 
prepared dims but a few millionths of a millimetre thick. The colloidal metal —^vide 
infra appears in various shades of red, yellow, green, blue, or violet. According 
to \V, U. Huberts-Austen and J. N. Lockyer, H ‘the vapour of silver when condensed 
into fine particles escaping into an atm, of hydrogen, is blue by reflected light,” 
According to J. 3. Stas, the vapour of silver produced by the oxyhydrogen flame has 
a pale blue colour, slightly inclining to purple, and is not green. The green tint 
which lias been reported is due to the presence of a trace of copper. 

J. R. L* Borne de Piste 2 first showed that the crystals of the metal belong to 
the cubic system, and they occur in the form of cubes, octahedra, hexahedra, dodcca- 
hedra, hexalds-octahedra, etc* R, J* Haiiy, F, Mohs, G. Rose, etc., confirmed this 
observation, and J, F. L. Hausm&nn found sharply defined octahedra in the solidified' 
silver hanging on the aides of a crucible from which the molten metal had been poured. 

V, Kohlschiitter and E. Eydmann obtained well-defined crystals by heating the 
amorphous powder for some hours under molten silver nitrate ; and & Giurgea 
placed a copper rod in a soln. of silver nitrate in a porous cell, and obtained a 
crystalline deposit on the cell walls. G. W. A, Kahlbaum, E, Both, and P. Siedler 
obtsJnod microscopic octahedra and hexahodra by subliming the metal in vacuo. 

W. Haidingcr obtained crystals by the fusion and slow cooling of the metal. Electro- 
deposited silver may appear as a block or dark grey powder in which six-sided 
stellate crystals con be recognized under the microscope. This subject has been 
studied by H. Dauber, G* vom Bath, M* Kirmia, U, Behn, R* C* Snowdon, etc. 
According to fi, B. Row, G* W. Vinal and A, S. McDaniel, electrolytic silver 
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obtained from purified substances consists of microscopic cubes with sharp comers 
and angles. An acidulated electrolyte gives smaller and more numerous crystals— 
cupric nitrate or sulphate soln. act similarly. The presence of colloidal substances 
interferes with the formation of crystals. In general, the form of the deposit 
depends on the current density, the cone, of the soln., the voltage, etc, A. H. W. 
Aten and L. M, Boerlage have studied the crystallization of metals by electrical 
precipitation. M. Ettisch and co-workers say that the crystallites in soft wires are 
arranged irregularly, those in hard drawn wires, regularly. 2. Jeffries and li. S. Archer 
give 200^ as the lowest temp, at which the reurystallizatioLi of the cold-worked metal 
has been observed. Filamentary and dendritic forms of silver occur in nature. 
Filiform, moss; or hair silver can be made artificially by reducing the sulphide in a 
current of steam; by reducing the sulphide, sclenide, or tclluride in a current of 
hydrogen—the sulphide at 4G0°, The tamp, should suffice to agglutinate the 
sulphide, but be below the m.p. of the silver. J. Perry said : 

This beautiful experiment may ba made in a glass tube through whinh a current of tho 
gas is passed. Lem^ delicate fibres of silver may be seen protruding from minute rounded 
masses of the sulphide; and as they are produced while these masses are in a soft state 
and lying free in the tube, the idea that they result from the application of external mechani¬ 
cal press., in a similar manner to maccaiODi, can hardly bo entertained There gfembto be 
some force in Deration at tho base of each filament, which causes the particles of silver at 
the moment of liberation to successively arrange themselves in ono continuous fibre, or 
series of fibres; or, in other words, each filament grows, aa it were, from a root embeddod 
in sulphido of silver. 

0. Ohmann made what ho called sUver-teotil, Filiform silver has been studied 
by J, Margottet, C, BisehofI, H, Vogel, W. M. Hutchings, A, Gurit, A. Liversidge, 
C, Winkler, 0. Miiggc, K, Friedrich and. A. Lomus, L. Opificius, and particularly 
by V. Kohlschiitter and E, Eydmann, and A. Bcutell. J. Percy said; 

When natural or artificial eiIvor sulphide is heated in an evacuated t^alod tube for several 
days at a temp, of SfiO^-UGO^a certain amount of di^ompuaitiun trikes place, Tho small 
amount of silver formed seems to wander through tho silver sulphido, appearing nt tha cooler 
end of tlie tube in the form of hair silver. A number of experiments which worn matte 
Showed that neither silver-foil nor hair silver is attacked by sulphur vfljHJur in a vacuum 
at 350° j the metal remained bright after forty»eight hours. Suvcr-fml heat^l alone in n 
vacuum for a long period at 450 a -5S5 0 shewed no trace of the growth of hair uilver, but when 
silver foil and silver sulphide were heated together at 450 5 remarkable growths were obtained 
in a comparatively short time. To obtain these growthH it is necessary for tho silver and 
the silver sulphide to be actually in contact, Similar growths of copper were obtained by 
heating together copper and cuprous sulphide, but tho process was much slower. When 
silver selenida or telluridc was uacd in place of the sulpiride, similar growths of silver were 
obtained, and hair copper was obtained to a certain extent with copper stolen id o and teh 
luride. With gold, the beet results were obtained when gold tclluride containing silver was 
heated with silver-foil. After seven days’ heating at fl00°, growths of “ moss " gold con¬ 
taining silver had appeared at the Cooler end of the tube. 

The phenomenon seems to be dependent on the breaking up of solid soln. of silver 
and silver sulphide. According to S. Kalbcher, rolled silver is not crystalline, 
but it becomes so when heated to redness. A. H. W, Aten and L. M, Boerlage 
studied the rate of crystallisation of silver in galvanic precipitation. 

I. Yegard's X-r&diogramfl of silver show that the crystal unite are arranged as 
a simple face-centred cubic lattice with edge 4 060 A,, and the smallest distance 
apart of theatoms2'S76A. P. SheitergimAGGxlCMcm.for the dimensions of the 
elementary cube. N. Gross, and H, Bohlin also made observations on the structure 
of crystals of silver. 3. Nishikawa and 0. Aeahara examined the X-radiogram of. 
silver which has been rolled, and found that the metal anneals itself spontaneously 
after three weeks, for, instead of giving on ill-defined structure with a symmetry 
related to the direction of rolling, distinct crystals appear, K. F. Slotte estimated 
the edge of the molecular cube of liquid and solid silver to be G 6 x 10“* cm. M, Born 
and E. Bormann measured the mean free-path of silver atoms. W. L, Bragg, 
showed that the radius of the at. spheres of silver in crystals of the metal is 
Q'lllfify or 1'77 A. M. 3. Saha made estimates of this magnitude. E. Beckmann 
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and 0* Liesche found that in boilipg mercury silver is present os monatomic 
mok 

In the Arabian Book of the Best Things fir the Knowledge of Mineral Substances, 
by Abu-r-Raihan, written towards the end of the tenth century,s the specific gravity 
of silver is stated to be 10'35, a value very close to that accepted at thee present day. 
Another Arabian writer, Al-Kharini, in his Book of the Balance of Wisdom, written 
in the twelfth century, gives 10‘30 for the value of this constant* A very large 
number of measurements of the sp. gr* of silver have been made since 1690, when 
ft. Eoyle 4 gave If 091 for this constant. D. G, Fahrenheit (1726) found its value 
to be 10 481. A. Matthiessen failed to get constant results in his determinations of 
this constant, for his numbers varied from 10 424 to 10 Dll at 132°. According to 
(1 Karmarsch, the densest silver, of sp. gr. 10 566, is obtained by slowly cooling the 
metal from a molten state ; when suddenly chilled by pouring the molten metal into 
cold water, the sp* gr.fell to 9 (>32; when cast into rods, 10105; and when melted 
and then cooled in a crucible, the sp.gr. varied from 9'998 to 10 474* The results 
thus depend on the previous history of the metal The sp, gr. of chilled cast silver, 
for instance, has been reported as low as 8'7, and of the slowly cooled silver, 9 4* 
G* Wertheim and others have shown that cold work greatly influences the sp. gr, 
as it does the mechanical and physical properties of met&ls—dasticity,' c.m.f., 
thermal and electric conductivity, etc. F* C. A. H. Lantsberry found the sp, gr. of 
annealed silver to be 10 4475, and of cold-worked silver, 10 4410. G. Rose, and 

V, Kchlschiitter and E. Eydmann found that at 18° silver precipitated from a soln. 
of the nitrate by ferrous sulphate had a sp. gr. of lU'5G to 10 62; silver reduced 
from silver oxide by hydrogen at 144 v , 10'352; and after heating two hours at 
160°, 10 490 ; silver reduced from the oxide by carbon monoxide. 1U113 ; silver 
reduced from silver chloride by zinc and sulphuric acid, 10 307 ; and silver reduced 
by aldehyde, when the grain-size is 250/t, ftf'270, A. E. Ohristemanos found the 

gr. of distilled silver to be 10 575; and G, W* A. Kahlbaum and co-workers 
found for the metal distilled in vacuo, a value 10 4923 (20°); and after compression 
at 10,000 aim,, 10 5034 (20°)* W. Spring found for annealed silver a sp, gr. 10 2696 ; 
for rolled silver. 10 2531; and for the metal which had been exposed to a great press*, 
10 2485* J. S. Stas obtained JO'4 624 for the sp. gr. of the metal at 0°, and after 
compression and heating, the sp, gr* rose to 10 5023, but fell to 10A894 when again 
heated to dull redness, and rose to 10 5104 when hanimered* After re-heating to 
dull redness, and cooling in vacuo, the sp* gr* fell to 10'4977, J. S. Stas also found 
the sp. gr. of silver prepared in different ways ranged from 9 8688 to 10 5537, and 
he thought that the phenomenon was a secondary effect due to the occlusion of gases 
by the metal. It was assumed that the occlusion of gas diminished the sp, gr. 
The best representative value for the sp. gr. may be taken as 10 5. The Specific 
volume of silver is therefore 0 0952 ; and the atomic volume, 10 3, According to 

W, C. Roberts and T. Wrightson, the sp. gr. of solid silver is 10‘57, and of the liquid 
9'46 to 9 51; according to A, Sieverts and J, Hagenackcr, the sp. gr* of the solid 
at the m*p. is 10’ 0, and of the liquid 9 5, and at about 1120°, 9'4D3* According to 
T. M. Itfwry, when silver is annealed at 100°; there is a contraction represented by 
anincreaBeinsp.gr. of 0'0032 per cent.; at 180°, there is an expansion corresponding' 
with a change of sp. gr. of 0 0020 ; and when annealed at a red heat there is a 
decrease in volume corresponding to an increase of sp. gr, of 0 0108. The annealing 
process thus involves three changes: a contraction at the lowest temp., and 
expansion at an intermediate temp., and a contraction at the highest temp. 
T. M, Lowiy and ft. G* Parker found that while the sp. gr. of silver en masse 
is K14960, that of the filings is 10 4786 —vuk allotropic silver and gold. 

Thu hardness of silver on Mohs’ scale varies between 2 5 and 3 0. Silver is 
harder than gold, and softer than copper* F. 0. Calvert and K, Johnson G found the 
hardness of gold, silver, and copper to be in the ratio 4:5:7*2; the ratio on 
J. ft. Rydberg’s scale is 2 h 5;2 , 7:30; on S, Bottone’s scale, 979 : 963:1364; 
and on F* Auerbach’s scale* 97 : 91:95* B. A, Smith and H* Turner found Brincll’s 
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hardness of the cast and slowly cooled metal to be 38; C. A. Edwards gavo 37 l O. 
The increase in the hardness of cast sterling silver (7 5 per cent, copper) by progressive 
cold rolling: 

Rolled to. ♦ — 0000 0'365 0’2J)0 0126 0 07G 0 042 in. 

Brmoira hardness (10 135 145 157 170 277 133 

A. Han riot found that Brinell’s hardness of silver increased from 19 O to 3tit) after 
being subjected to a great hydrostatic press.—10,000 kgrms, per sq. mm. A. Kiirth 
gave 29'3 for J. A. Brinell’s hardness with a load of 400 kgrma, at 18°; and 
271 at 2(M) U . Z. Jeffries could detect no change in the microstrueture of the 
compressed metal, and no substantial change in tho physical properties. The 
hardness is increased by alloying the metal with, say, 10 pet cent, of copper. 

The malleability and ductility of silver are said to be exceeded only by gold. It 
is said that the metal may be hammered into leaves 0 00025 mm. or 0 L 00001 in. 
thick ; and that a gram may be drawn into wire 1800 metres long, or that a grain 
may be drawn into wire 100 ft. long. The metal is hardened by hammering or rolling, 
but it recovers its malleability by annealing at a low red heat. G, Quincke’s value 
for the surface tension at 1000°, rr=732 4 dynes per cm,, and corresponding value 
for the Capillary constant, <* 2 =15'94 sq, mm. T.Lolmstein computed rather larger 
values. A. Gradenwitz gave «■—731, and » a =14’fi sq, mm.; and S. W. Smith 
respectively 858 dynes per cm,, and a 1 ^ 18 52 sq. mi, I. Traube gave for the 
internal pressure of the solid, 101,91X2 megabars. The velocity of sound is con¬ 
veniently taken as 2G4xlU 4 cm. per second, A. Masson 0 found 2005*2 metres 
per sec. for soft silver between 1.5* and 20 c ; and 2674 4 metres per sec, for hard 
silver at 10°. A bar of silver gives a characteristic clear sound when struck, but 
C, J, B, Karsten said the sound is rather dull, so that the so-called u silver tone ” 
and “ silver voice ” are poetic expressions with meanings different from what is 
literally implied. W. G, Roberts-Austen found thu coeff, of difhuion of silver in 
molten tin at 500* to be 1=414 per cm. per day. The internal viscosity of silver 
has been studied by 0, E. Guye and co-workers from the logarithmic decrement of 
oscillating wires, and by M. Ishimoto, from tuning-forks and oscillating pendulums. 
K. Honda and S, Konno found the viscosity of hammered silver to be 2-8x10* at 
15°; and that of the metal annealed at 400°, 2 24 XlO 8 at 15°. A, Einstein has 
calculated the wave-length of the elastic oscillations. A. John sen found the plastic 
flow of silver is diminished by cooling the metal in liquid air. 0. Stem measured the 
velocity ol the molecules of silver vapour, and showed that they arc monatomic. 

The fractional change in the volume caused by the application of unit press., 
i.e. the compressibility, of silver, is smaller than that of lead, tin, bismuth, aluminium, 
or zinc, and greater than that of copper, platinum, or palladium. According to 
T. W, Richards, 7 the compressibility cotiff, of silver at 20*10 1*01 Xl0“° per megabar 
or 10° dynes per aq.em. between 100 and 500 megabars, L, H. Adams and co-workers 
give 0 97 X10 and they represent the change in vol, by a change of press, from 
pa to p by 5c--4j ()00055+0 000(X)(l9G8(p—ptj). The compressibility increases with 
a rise of temp., while the coeff. of expansion decreases with a rise cf press. The 
greater the expansion with rise of temp, the greater the change in the compressi¬ 
bility, E. Griineisen found the cubical compressibility of silver, at —191°, to be 
0'709xl0-*; atir,0-7G3xlOrO; at 134 1 ,0844xl(H; and at 166°, 0*86x10“®. 
A. Mallockabo found0 709xl(M at -190*; O'768xl0-° at 17°; and0‘S20xl0-° 
at 100 s . 

The coefE, of resistance of silver to extension, the so-called modulus of elasticity 
or Young J S modulus —-^vide copper—was found by G, Wertheim a to be 7357 kgrms, 
per sq. mm. for drawn silver at 15°, and 7140 kgrms. per sq. mm. for the annealed 
metal also at 15° and hr gave 7274 and G374 kgrms. per sq. mm. for the values at 
100*" and 200° respectively. W. Yoigt represented Young's modulus by 7790 kgrms.. 
per sq, mm. S. Katzenelsohn gave 7U10 for drawn silver ; and G. Angenheister, 
7597 kgrm, per sq. mm. for cast silver 4 ; and other values have been obtained by 
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r C. Schafer, E, Gruneisen, A* Bock, etc. Tho best representative value at IS" may 
be taken as 7300 kgrms. persq. mm. for the drawn metal, and 7140 kgrms. per sq. 
mm. for tlie annealed—when the extreme valucw range from 7010 to 8290 kgrms. 
per sq t inm, Tho modulus of elasticity gradually decreases ns the temp. rises up to 
the jii.]j. A. Maliock estimated the ratio of Young's modulus at —273* to itn value 
at if to be 1'37. According to W. Sutherland, the variation with temp, is linear 
and approximately in accord with the empirical relation indicated in connection 
with copper ( 7 .V.), where K. R, Koch and C, Uarmeckor’s Fig. 10 shows the steady 
and gradual fall of the modulus of elasticity with rise of temp. G. Schiifer gives 
7 C5 for the temp, coeff. or tho percentage increase of Young’s modulus in passing 
from 20 & to — 186° + C. Schafer plotted 1 tho temp. coeiT, and the m,p. of a number 
of elements, and found that there is some relation between the two constants. 

G. Tammann gave 86 kgrms. per sq. cm. for the elastic limit of silver. An elastic 
body if subjected to a stress is deformed, and wliou the stress is removed, it wholly 
or partially recovers from the deformation. The recovery may take place immedi¬ 
ately the stress is removed, or the recovery may proceed a certain way more or less 
rapidly and subsequently creep slowly back to its original state. Hence arises the 
so-called elastic fatigue, daUiade Nfjchmrkung, etc. F. ReJikuh, and E, SchoR 
have studied this phenomenon with silver wires. 

I 1 he ratio of the lateral contraction to the longitudinal extension of silver, or 
Poisson’s ratio, is O' 36ft, according to C, Schafer ; and 0‘380 to I >'407, according to 
G, An gen bolster; A. Bock 9 found Poissons ratio to be O'337 at 20° ; 0'352 Ht 60° ; 
0 372 at 100* ; and 0'381 at 100°. C. Schiifer plotted the imp. and Poissons ratio 
for a number of elements, and showed that there is a close relation between them. 
The volume elasticity, cubic elasticity, or bulk modulus of silver is 109 X Id 11 dynes 
per sq. cm. The resistance to shearing, or the rigidity or torsion Of Shear modulus 
of silver, is given by G + Schafer as 2467 kgrms. per sq, mm., W, Voigt gives 2960 ; 
M, Ihuimciator, 2650 ; G, F. C. Searle, 2816 for tho hard-drawn metal. The mean 
value ia 280 xlO 9 grms. per sq. cm. between U IJ and 20 J . When the maximum and 
minimum values are 331 and 257 XlO 9 grms. per sq. cm,, the ratio of the value at 
100° to that at absolute xeno ranges from 0 956 to 0 962 , and the corresponding 
ratio at 200° ranges from 0 858 to 0 898, W. Sutherland estimates the value of 
this constant to be 284xlO ri grms, per stp cm. at absolute zero. G. Pisati gives for 
the rigidity of silver, n, at G u , n- 0 <O>;187& -O'O^fl 2 —0 kgrnn jwr 

sq. mm,, where ^--2566, the value at 6°. F. Horton gives for the value of n at 15°, 
2 67X I0 11 dynes per sq.cm., and at 0*, u=-tqi; j 1— O l oOU 18(0 -15)) dynes ]>crsq. cm. 

A. and L l . k. Aikin found a wure 0‘1 in, iu diameter supported a weight of about 
240 lbs. without breaking ; this is eq, to about 13 64 tons per sq. in. of sectional 
area. Silver, said A. BaudrJinont is tougher than copper, and not so tough as 
palladium ; others say silver is tougher than gold, but not bo tough as copper. 
A. le (Jhatelier gave for the tensile strength of east silver 7Tj(i kgrms. per sq. mm.; 
19 0 kgrms. per sq. mm. for the annealed, hammered, or rolled metal; and 35 0 
kgrms. per sq, mm .for hard-drawn wire. A.Raudrimonfc 19 found the tensile strength 
of silver wire l aq. mm, in sectional area, at 0 *, 11 ) 0 *, arid 200 * to be respectively 
28 J 324, 23‘266, and 18"577 kgrms. per sq. mm., or respectively 17‘27, 14" 19, and 
1 l ft3 tens per sq. in. O, Wertheim gave the results indicated in Table IV, J * Dewar 
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found the broking stress of a silver wire 0 098 in, in diameter to be 330 lbs. at 15* 
and 430 lbs* at —182°< When the cooled wires regain their former temp., no change 
in the breaking stress can bo detected. G. T, and H. N. Beilby also found the 
tensile strength of silver to be increased by lowering the temp, such that the tensile 
atongth increases from 25 7 units at 15 fl , to 34 units at —182°. F. A. and C. A, Linde- 
mann found the tensile strength of a wire 0 0513 mm. thiek to decrease from 64'0 
kgrms. persq. mm. at “253'S 5 ; 539 kgrms, per sq, mm. at —193°; and27 J 8 kgrms. 
per sq. mm, at 17°* They add that although the tenacity increases the metal be¬ 
comes very brittle at the low temp, of liquid hydrogen. According to t\ A. Mebius, 
heating by a current has no effect other than that due to a rise of temp* E, A. Smith 
and H. Turner found silver cast in sand bears a rather lower maximum stress than 
silver cast in iron moulds; the reverse is true for standard coinage silver—-with 
7'5 per cent, of copper. Their results are shown in Table V expressed in tons per 

Tajjle V.—Tensile a no Compression Testa vor Silver. 
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sq in.; the energy of rupture by the impact tests is expressed in kilogram-metres 
per sq. cm, J, Percy reported that the fractured surface of an ingot of silver 
showed a zone “ consisting of a confused aggregate of imperfectly formed octahedral 
crystals while the rest of the fracture was largely fibrous or columnar." 

Towards the end of the eighteenth century, A. L. Lavoisier and P. S. Laplace 11 
measured the coefficient cl thermal expansion, a, of cupelled silver between G° and 
100°, and found 0 000019074, a number which represents the increase per unit length 
per degree rise of temp. between the limits of temp, under observation. A, MaUbies- 
sen obtained <*=000001943, between 0 fl and 100 , and he represented the vol, at B° 
by v^v 0 (l4f)'O0(X)0246SdOfXXXK>4l)rj& a ), where denotes the vol. atO u H. Fizeau 
obtained a=0'CXX)01936 between 0° and 100° Hence the expansion from 0° to l0Q e 
is nearly 0 002, or j^th of its length. H. le Chatelier obtained a=O OOOQ2Q5 for the 
linear expansion up to 900 s . W. Voigt found in the vicinity of 30°, the linear coeff* 
of expansion, a, to be axK^—iy SSH-O'OiSjd—30). L. Holborn and A. L. Day 
gave for the length l of a bar of silver at 0° between 0° and 675° 1=^(1-f-O + OQOO18270 
d-OO 8 47930 2 ) ( where its length at 0° is Jq. TV* C, Koberts-Ausfcen found 0'000Q3721 
for the mean linear expansion between atm. temp, and the iti.p. of the metal, and 
for the mean cubical expansion 0 00011161, F. Hennig found the linear expansion 
of a metre rod to be “3'527 between 0° and —191 & ; 4'571 between 16° and 250°; 
10 040 between 16° and 750°; and 19 362 between 16* and 875°, E, Griineisen 
studied the effect of press, on the linear coeff, of expansion* He showed that 
between —190° and 17° n—1712 xKH® at one atm* press., and by raising the 
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press, to 1000 Jqgrms. per sq, cm., the value Jell to 17*03 Similarly between 

17°and 100° and one atm, press,, a—18 90x10“®; and for 1000 kgrms. per sq. cm. 
press., a—IS G7xlO“ a , F. A. Lindemarm found between 81T> D K. and 2917“ K., 
ct—156x10'^; between 82° K. and 90° K., a—!32xPH>; and between S0° K. 
and 20'4° K. T a=&8xl0~*\ J. Disuh made some observations at low temp. 

K, Seheel gave for the expansion of silver in mm, per metre starting from 
0° aa zero: 

ioo s liou* son* w , soo 0 
Expansion . , , J flflS 4 -U0 6*08 8 23 10 45 

The thermal conductivity of silver for heat is greater than that of any other 
metal, and accordingly it is sometimes used as an arbitrary standard 1J! 100. G t Wiede¬ 
mann and R. Franz gave the order : 

M l.U Au 7m Sii Ha Ft I'h 1H 

100 73H 53*2 100 J4-5 11 ft 84 81 18 

The absolute! conductivity, measured by II. F t Weber, at 0°, is 10900 ; this number 
represents the amount of heat in cals, conducted per sec. across two planes one cm. 
apart, and asq. cm. sectional area, when the difference of temp, of the two surf aeon 
of the planes is 1° W. Jager and H. Dieaselhorst found l'OOG at 18° and 0 9919 at 
100° ; and C. IT, Lees, O'9 71 at 18°, and 0'998 at — 160°. For the thermal conducting 
(Opacity at 18°, W. Jager and II. Dieasclhoret found <$=VH, and at 100°, 167, 
where when K is the thermal conductivity ; il, the sp, gr. ; and C, the 

sp. ht. They also found that if A (] be the thermal conductivity at 0°, the conduc¬ 
tivity A t at 0° is K— # O (IH-U'(XJU170) + E. H, Hall has studied this subject. For 
Cr. Wiedemann and R. Frans’s comparison of the electrical and thermal conductivities* 
vide copper. P. W. Bridgman measured the effect of compression on the thermal 
conductivity of silver, and found the effect decreases linearly with press. 

In 1818, P. L. Dulong and A, T. Petitmeasured the specific heat of silver and 
found it to be (V0557 between 0° and 100°, and 0*0611 between 0° and 300°, The 
rise in the sp. ht. with rise of temp, may be regarded as evidence of a resistance 
offered by the metal to the raising of its temp. Other determinations have been 
made by H. Kopp, R t Bunsen, J. Pionchon, U. J. J. le Vurrier, W. A. Tilden, 
T, S. Humpidge, etc. H. Sckimpff gave 0(1557 for the sp. ht. at 0° ; J. N. Bronstcd 
gave 0'05G35 between U° and 19° * and H. Tomlinson 0*05684 between if and 100°, 

E. H. and E, Griffiths represented the sp. ht. O at 0° between 0° and 97*5° by 
0-=U''05560 (1+00033960—0'(KXJOOOM10*); or very approximately by 6 1 ---4'804,d o,w J 
where A represents the at, wt. of the clement. W. A. Tilden found the sp. ht. 
0 0550 between —78* and 15° ; 0 0576 between 15° and 350° ; 0 0528 at 200 J ; 
and0'0590°at 7<xr ; U. J, J. le Verrier, 0 0565 between 0* and 260°; 0 075 between 
260°and 660°; and 0'076 between 660° and 900°. He adds that tha sp. ht. appears to 
undergo an abrupt change in the vicinity of 260°, J. Pionchon obtained 0 0748 for 
the solid at 800°, and for the liquid mutal between the m.p. and 1100°, 0 0748. To 
summarize, the sp, ht. of silver above 0° may be taken as : 

o u w Kio* sj<r 400* eoo" um* 

Bp, ht. . 0^560 U0560 U 0564 U 0571 0 05U3 G06G5 5 0730 

The sp, ht. falls rapidly as the temp, drops, e.g. J. Dewar found the sp. ht. at —223° 
to be 0*0242; T, W, Richards and F. G, Jackson found at—188° 0 0511; H. Bar- 
schell, between —74° and —184°, 0 0492 ; U, Behn obtained 0*0544 for the sp. ht. 
between 18° and —79°; and 0 0496 between —7fT and —186°. W. Nemsfc and 

F, A, Lindemann found 0 556 for the sp. ht. of silver at 0°; 0 03775 at —196° ; 
and O 0146G at —238° ; and W. Nernst gives : 

(f -40 B ~73 fl “]8& ? -200* -238* —25a 1 * 

Sp, ht, , O’tifWIO 0 0546 0*0630 0 0410 0-0336 00146 0*0036 

From the sp. ht. date* it follows that the atomic heat of silver rises from 0*39 at —253° 
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to 6'Q atO°, and to 7'S8 for the solid at the m.p, According to A. Eucken, the sp. ht. 
of the liquid at the m.p. 901° is 0 0748, and the at, ht. 0 f is accordingly 8 (17 ; and 
the at. ht. C p of the solid at the m.p, is 8 20. E. Griineiaea measured the effect of 
press, on the sp. ht. of silver and found for silver OHMKXHXJSSOj, hgnn, 

per sq. cm. 

The melting point of silver was given by C. S. M, FouillH J4 in 1832 as 538°! but 
in 18ofi he gave 1000°. J, Prinsep gave 999“ ; L. B. G. de Morveau, l(J33'7l a — where 
the numbers to the right of the dec:inial point may be correct, but those to the left 
arc about 71° too high. The reported values for this constant are indeed somewhat 
discordant and range from 954° to 1223°, This might have been anticipated 
(i) from the unsatisfactory methods of estimating temp, which were available to the 
early observers, and (ii) from the failure of the curly workers to recognize the great 
influence of impurities on the result; and (iii) from the failure to recognise that 
silver oxide may be introduced as an impurity when the metal is melted in air— 
thus L. Holborn and A. L. Day (1900) found that stiver melts at !)61'5“ when air is 
excluded, and at 955° if exposed to air ; C. K. Hey cock and F. II, Neville (18%) also 
found that the m.p. of silver was lowered by li) 1 * or I7 y by fusing the metal in an 
atm. of oxygen ; and H, Calendar (1892) obtained a lowering of U 4" under similar 
conditions. A, C, Becquerel found 9GG D for the m.p. of silver, and he ascertained 
that silver did not actually melt at the temp, of the evolution of the vapour of 
zinc boiling under ordinary atm, press., though it became so much softened at that 
temp, as to cause separate pieces of the metal, in contact with each other, to stick 
together. J. Yiolle, and A. Potilitzin gave 9D4 n ; A, IX von RJemsdijk, lOfiX; 
JL F, Daniell first gave 1223“ and later 915°; L. Holborn and W, Wien, 90S''; IX Ber- 
thclot gave 962 c ; L. Holborn and A. L. Day, G, I. Petrenko, and E, Quercigh, 
96PG°i C. TV, Waidner andG. K. Burgess, 9GO'9 y ,andin an atm, of carbon monoxide, 
96(J J 0 n - K. Friedrich and A. Leroux, %2° ; H, Callendar, F. Wiist and co-workcrs, 
and N. Boar, 961°; W, C. Robcrta-Austcn and T. K. Rose, LK>EI°; R. F. Schcmt- 
schuflchny, 954°; G. Arrivaut, 9S0°; 0, T. Heyrock and F, H. Neville, JHitV-V ; 
S, W. Holman, R + R. Lawrence, and L. Barr, 9G(>o ; A, L, Day and J. K. (’Icmimt, 
9r>8-3°±G°; A, L, Day and R, B. Rosman, 9G0 o + U7°; K Tiedc and E r Rim- 
brauer, 968°; C. W. Waidner and G, IC Burgess, 9fi0 88 J + U Ri" ; and the best 
representative value of the later determinations of the ni,p. of silver is 9GU 5”; 
in agreement with L. I. Dana ami P, D, Foote, and K. Mr heel--W. Gucrtlcr and 
M, Pirani round off the number to %P\ J. Johnston estimated that the m.p. of 
silver is depressed 0 12* per atm. rise of press., and that under a press, of H,(KXJ 
atm, silver would melt at the ordinary temp — excluding, of course, the appearance 
of new forms of silver at high press. R Wright and It, (X Smith found that 
very finely divided silver shows signs of sintering far below its m,p. C, T, Hey cock 
and F, H. Neville measured the lowering of the f.p, of tin, lead, and bismuth by 
the dissolution of a gram-atom of silver in approximately lUO gram-atoms of the 
metal. With cadmium an solvent there was a rise in the f.p. 

R. Emden emphasized the fact that silver retains its mirror-like surface when 
melted in air; indeed, molten silver has a brighter lustre than when in the solid 
state. According to J. Violle, the radiation of heat from molten silver, at a temp, 
above ite m.p., measured from its effect on the thermopile steadily falls with the 
temp, and then begins to rise again owing bo undercooling; the radiation remains 
constant during the process of solidification, and he recommended this as a con¬ 
venient secondary standard for spectro-photometric meaaiiremunte, etc. When 
all the metal has solidified the radiation rises again because this solid metal at the 
m,p, has a greater radiating power than the molten metal. 

W. A. Lampadius noted the volatility of silver in 1839, J, L, Gay Lussac stated 
that the volatility of silver cannot be detected at temp, far exceeding its m.p, 
beoause purified silver can be cupelled without any appreciable loss, but W, A. Lampa¬ 
dius found that when heated in an open crucible at a white heat, it loses about one 
per cent per hour even if the metal is cowered with powdered charcoal. P, Berthier 
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fll so found that when silver is heated in a porcelain oven, it loses about 0T» of 
its weight, and that, under similar conditions, copper loses rather more. A. D, van 
Hlemsdijk observed that when silver begins to volatilize to a sensible degree when 
heated in a slow current of hydrogen to a temp, not much above the m.p, of 
copper, E. Ticde and E. Birnbrhurr found volatilization occurs at 8fH)° in vacuo. 
C.M. Dnspretz also said that silver wire can be rapidly volatilised at a temp, produced 
by the passage of the current from fXXJ Bunsen cells, W, Borchers, and H. Moissan 
have studied the volatilization of ailvcr in electric furnaces. JI* St. C, Deville and 
H. Debray observed that when silver is heated in a lime crucible by means of the 
uxy hydrogen dame, it boils like mercury, and volatilizes as silver oxide which 
condenses as a pale yellow sublimate. (1 F. Flattner, II. St* C. Devillo and 
II. Debray, and L. Troost and P. Hautefeuille, and W. A, lloss brought evidence to 
show that the volatility of silver is due to the formation uf a volatile oxide stable 
only at a high bemp.'—Mide the spitting or spewing of silver. J. S. Stas distilled 
silver in considerable quantities by means of the oxyhydrogen flame, in a little 
apparatus made of quicklime. His apparatus for the distillation of silver is illus¬ 
trated in Fig. G. A block of 
marble £o to 30 cjjjs. Ion#, 10 cms. 
wide, and 10 cma, high ban a cir¬ 
cular cavity A —3 cnw. diameter 
and 2 cms. deep- in communica¬ 
tion with another similar cavity 
B by means of an inclined 
channel G 1 . The blowpipe flame 
is directed on to about fl() grms. 
of silver in the cavity A, and 
tlm vapour condenses in the 
cavity B to molten silver. Vessels 
of quartz can be used for the 
* distillation of the metal in vacuo. 

According to A. Parked, silver Fin. I>. --Apparatus fur thes Distillation of Silvia, 
is easily volatilized when in con¬ 
nection with zinc or arsenic in a fused state, and he patented a process for separating 
silver from copper, copper regulns, etc., by heating the mixture in a reverberatory 
furnace, fitted with flues and chambers for collecting the volatile products, which were 
then to be cupelled for silver. The process lias not been successful; F. J, Maloguti 
and J. Duroeher heated a mixture of argentiferous blende and charcoal in a retort, 
and collected the zinc distillate which was found to contain only traces of silver. 
A. K. (Jhriatomanoa studied the distillation of cupriferous silver. J. Napier, 

G. H. Makins, F. Eisner, J. W. Richards, etc , have made observations on thn 
volatility of silver. T. Turner showed that volatilization can 1>e detected in a stream 
of air at 700°, C, J. Hansen volatilized silver at 953 ft in vacuo ; and H, von Wartem 
berg noted that the metal volatilizes more readily in an atm* of oxygen than in one 
of nitrogen. M. Knudsen found that the condensation of the vapour of silver on 
a clean glass or mica surface has a critical teinp.^about 57G a —below which the 
vapour is retained, and above which an appreciable fraction is repelled, 

J. \V* Richards estimated the vapour pressure of silver at different temp* to be ; 

7re n ms* 11G3' is m* t«67' 1 1D77* so jo* 

Vap. preaa, CKJUUil 0 013 0 771) 20 33 300 &4S 700 mm. 

H. von Wartenbcig found the vap. press, at 1178° to be l'9xlO -4 atm,; at 131G C , 
l'8xl0" a atm.; at 1435 u , G'10xl0~ a atm*; and at 2100°, 1 atm*; a change of 
temp, of 6 a alters the vap, press, about 9 per cent. He also ascertained that the 
vapour density corresponds with a one-atom molecule, 0, Ruff and B, Bergdahl 
observed 102 mm* at ltitjll 0 ; 11G mm. at 1680° ; 200 mm, at 1758 s \ 300 mm. at 
1810 °; and 744 mm, at 194U U * J. A, M, van Liempt represented the vap. press, p 
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in atm, by ibg 10 p=5‘93—131EQT- 1 . TrouWs c<>iisfcant=37T5 J A. Hiengfem 
compared the vap. press. formula of silver. The boiling point under 8 atm. press, 
is estimated to bo 2747 s ; at 50 atm, press,, 3298°; and at 162 atm. press,, 3958°. 
F. Krafft and L. Bergfold distilled silver in vacuo by exposing it to the green cathode 
light, and they found that under these conditions the metal evaporates at about 
680°, and boils at about 1400*- C, J, Hansen gives for the b.p, of the metal 
1660° at 103 mm,; 1730* at 263 mm.; and 2313° for the b.p, under normal press.; 
while H. C, Greenwood gives 1633° for the b p, in vacuo, and 2313° at 760 mm,; 
and he later gave 1955° for the latter. H. von Warteribeig ^ve 2050° to 2100° 
for the b.p. of silver; 0, Ruff and B. Bergdahl, and E, Tiede and E. Birnbrauor, 
1950*; ami J. A. M, van Liempt, 1944°. 

According to J. Pionchon,^ the latent beat of fusion of silver is 24 7 cals, per 
gram, or 2 7 Cals, per gram-atom. G. G. Person found 2107 cab, per grm, 

F, Wiist and co-workers give 26 01 cab, J. W. Richards estimates the latent hCftt j 
Of vaporisation to be 397 cals, per grm. , or 43 Cals, per gram-utom, H. von Warten- J 
berg found that the internal latent heat of evaporation, calculated from his observa¬ 
tions of the vap r press., is 54'6 Cals, per gram-atom between 1178* and 1310°; 
67'0 Cals, between 1316° and 1435 s ; and 59 7 Cals, between 1435* and 2100*. 
The mean value is 60$ Cals, If the b.p. be 10* too low, the latent heat 
of vaporization would have to he raised 0 8 Cal. By means of the formula 
4'571 log p—2 5—QfT, H, 0. Greenwood has also calculated $=55,800 cals, for the 
heat of vaporization per gram-atom, when the vap, press, at the absolute temp. T 
is p. J. A. M. van Liempt gave 60,200 cals, for the heat of vaporization at the b,p, 

G, G. Person gave 2280 cals, for the heat of sublimation. R. de Forcrand calculated 
$^55 07 Cals, from TroufWs formula at the absolute temp, T—222S° + According 
to H, Buff, the heat Of thermal expansion of salver is 2'378 cals, calculated from his 
relation DGajfi, when Z>=10 3 ; C=0 0577 ; a ^0 0001401; and £=03)000573. 

Thc.optical constants of silver, namely the refractive index p, and the absorption 
index, £» as well as the extinction coefficient, /it, have been defined in connection 
with the optical constants of copper; similar remarks apply to the angle of principal 
incidence, <jf t and the angle of principal azimuth, of polarized light. A selection 17 
of these constants is indicated in Table VI, along with the percentage reflecting 
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power, JJ t in air, that is, the ratio of the intensity of the reflected ray to that of the 
incident ray for light of wavelength A J. Conroy, L. P. Wheeler, G. Quincke, and 
R. Siesingh have studied the reflecting power of silver in water, turpentine, or carbon 
tetrachloride. The index of refraction has boon determined by A. Pfliiger, 
L, R. Ingoisoll, K. Fosterling and co-woikere, H. 1. Barvir, etc. The angles of 
principal incidence and principal arimxth by A. Beer, P. Drtide, J. 0. Jamin, 
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R. S, Minor, W. Voigt, A. L. Bernoulli, H. Knoblauch, K. Fosterling and V, Frieda- 
rick&z, C. Statescu, A, Galli and K- Forsterling, etc* The index of absorption by 
A. L. Bernoulli, E. Hagen and H. Rubens, W. Wernicke, etc- The reflecting power 
has been determined by E. Hagen and H, Rubens, W, W, Coblenz, C. Zakrzewsky, 
etc- I. C- Gardner measured the rejection coeff in Schumann's region of the 
spectrum. A* Kundt obtained for the index of refraction of electrolytic 

silver for white light; and D. 8hoa/i^O:>7 for A =431^; p- 020 for A^4J%ju; 

25 for A=-G5fij*p. N- Galli and K* Forsterling found the refraction and 
absorption indices for massive silver to be very different from those of silver films 
—13''3 and 7'42 for A—3'GO and 4'JjOpf* respectively. K, Chafer studied the 
different values for silver for so In. of the salts on the assumption that the silver 
is ionized and also combined. The dispersion is small and it has been studied by 
A, Beer, J. C. Jamie, H. Rubens, A* Pftiiger, W. Meier, W, Voigt, etc. F, Schijn 
found the abnormal dia]>ersion of the vapour is confined to the spectral lines of 
the principal series. J. H, Gladstone gave for the refraction equivalent of silver 
1)/ZJ—O'122, and A{)x—l}D—}d% where A represents the at. wt, of the metal. 
,1. KanonnikofI calculated Ri b for the refraction eq, from the values for the silver 
salt* of the oxy-acids. 

According to G. K. Burgess and R, G. Waltenburg, the emissivity of a masts of 
silver by the same standard aa that employed for copper, is, for red light of wave¬ 
length 0 0 04 for the solid, 0 07 for the liquid: and for light of wave-length 

O fjbju, the einitialvity of the solid ia U 35, and likewise also O'35 for the liquid. There 
iu no marked temp, coeff, between !KHI U and 2000°. The emisRive power of heated 
silver has ken studied by H. Rubens and E. Hagen, F. Henning, and C. M. Stubbs, 
U, Knoblauch has measured the polarization angle and refractive index of the heat 
jays, Ik Ihmins studied the retfeetion of heat rays from the vapour of silver* 
J, Viollo recommended the vapour of silver as a light standard- M. Faraday 
noted the effect of thin filing of silver on polarized light; he prepared them by 
electrically deflagrating a thin silver wire in air or hydrogen. B. Pngany measured 
t he Faraday effect, that k, the rotation of the plane of polarisation, of films of 
silver. 

The photoelectric effect with silver has been studied by G, Rcboul, W. Ramsay 
and J. F. Spencer, K. Herrmann, E. Ladenburg, R. A, Millikan and G. Manchester, 
etc. As a rule, the more electropositive a metal the greater is its photoelectric 
activity'— vi<fn copper. W, Hallwachs found a photoelectric effect could be obtained 
by ultra-violet light which has passed through a silvered quartz plate ; and O. Stubl- 
maun showed that the photoelectric effect produced by the emergent beam of 
ultra violet light is greater than that of the incident beam, and this the more the 
thinner the metal film until it attains a constant value 107 times greater* 
W. Freftc found that the photoelectric sensitiveness of silver ia not affected by 
treatment with water or alcohol. 

W, D, Bancroft and H. B Weisor 13 reported : 

When silver nitrnte in mti'oducdil into the flame, it first molts to a head and then de- 
comjKjfiprt, If cfiTfl bn taken, a silver mirror can 1 ms obtained, along tho edgo of which there 
ia precipitated a con«irlerub|o quantity of black or bluish-black silver oxide. If the flame » 
too hot or if it confabs too umuh salt, spots or apockw of metallic silver and also grey, 
pulverulent silver aro obtained instead of a mirror. Since them is a good deal of fret) adver 
in the flattie when silver nitrate is added, anti since silver vapour is blue, it is not impossible 
that tho blue colour of the Home is due in part to the vapour of metallic silver* 

The emission spark spectrum and the spectrum of the oiyhydrogcn flame of silver 
was stated by IV, N, Hartley to bo very similar to that of copper, and to resemble 
in some respects that of gold and of platinum. The brightest or most prominent 
lines in the emission spectrum of silver in the electric arc in vacuo have a wave¬ 
length of 328'08 and 33S l 30^ in the ultra-violet; 400 544 and 43121 pfi in the 
violet; 46(l S7/x^ in the blue ; and 030^35, 546-066, 547 172, and 562'3&Wi in the 
green. & C, Hutchins and E. L. Holden found that three lines 447‘62, 466 80, 
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and 487 h 43ftft arc also present in the solar spectrum. The arc spectrum has been 
studied by F. J* Kasper, J. Fringe, W. H&ppers, etc,; tic spark spectra by 
J. Frings, F. L. Wagner, J. M, Eder, W. M, Hicks, etc. A* C* Becquerel observed 
two internes lines 771-772^ and 825-829^/1 in the ultra-red. The ultra-red spectrum 
of silver has been explored by H. M. Randall, H* Lehmann, J, M, Eder and E. Valenta, 
F. J, Kasper, L, and E. Bloch, etc. According to A. de Gram out, the 32808 and 
the 338 'SDfifi lines in tho ultra-violet are well defined in the spark spectrum of silver, 
and II. Konemann has explored the lines between 2U0 aud 400/*/*, J, M. Eder, 
F + L. Wagner, R. A. Millikan, and W. Happers have stufiicd the ultra-violet spark 
spectrum of silver; F. M. Walters the ultra-red spectrum. B, de la Roche 
studied the effect of reducing gases on the spectrum of silver. 

The aeries spectra of silver have been studied by H, Kayscr and C. Ruuge, 
L. Janicki, F r J. Kasper, H, Oellers, W. M. Hicks, etc. The lines In the spectrum 
of silver present similar relations as are presented by those of copper, and the two 
spectra are said to be homologous. The spectral lines of copper, silver, and gold 
appear to be built on the same general plan. The formula for the pairs of lines in 
tho first series am ; AxlO^SOTm- im2 >93323"; 31633-0-130631*-® 
—1093823"-for n=i t 5, and ti as shown in Fig, 7; there is a second associated 

X d 6fi0& $000 ipco 

is a m k & to zb w x 

///af JflfflflS 

Fio. 7. -Soriofl Spoctra of Silver. 



ecricH: Ax 10®--30G9G J 2—123788*^—394303"-4 ; ~, 

for n=4 and 5, Fig. 7. The value for «=3 gives the smallest positive value for 
these series, and this would correspond with lines in the ultra-red. A. C. Becquerel 
observed two silver lines, 8250 aud 7710 fip, which may belong to the second of these 
sets, and K. P. Lewis gives the more accurate measurements, 827404 and 7GH3 4. 
Besides these lines there are pairs with A=554;V8G and 5270 4 ; A ~4888 L 4G and 
4G78 - 04 ; and A—3383'00 and 328U'80 H The last, pair is the strongest in the whole 
spectrum, The available data on the aeries line spectra of silver have been 
reviewed by A. Fowler, 

The colour of light transmitted through silver has already been discussed, 
G. D, Liveing and J, Dewar measured the absorption spectrum and found that a 
thin layer of silver deposited on quarts; is transparent for rays between 335 0 and 
307 0p/t, aud opaque on both sides of these limits. J. N, Lockyer and W. C. Roberts- 
Austen found a (iO-em, column of silver vapour gave a channelled spectrum without 
absorption in the red, but with complete absorption in the blue. The optical 
properties of films have been studied by Y, KohbehUtter and E, Fischmann, 
L. HouDevigue, N, Galli and K, Fdreterling, etc. 

The effect of pressure oil the spectral lines of silver has been investigated by 
W, G. Duffield ; the effect of by J, Mcunier ; and the effect of tnafjP€tima t 

by J. R. Rydberg; H. Koncrq and 1L Finger examined tho feeble continuous 
spectrum of the condenser discharge between silver electrodes under water. 
A. de Gramont has studied the spark spectra obtained with argentiferous minerals. 
W. JL Hartley and H* W. Moss have determined tho smallest quantities of elements 
needed for the apj>earance of the ultimate lines in the flame aud spark spectra of 
silver, and other metals, W, Schuler found 0 0001 mgrm. of silver could be detected 
by means of the spark spectrum. 

The production of Bontg&A rays by silver cathode, the passage of these rays 
through silver plates, and the reflection of these rays from silver, have been the 
subject of many investigations, 19 E. Hjalmar, etc., studied the X-ray spectrum* 
According to W, IL Bragg, tho stopping power s of a substance for the a-raya is 
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approximately proportional to the at. wt. A. For gold, j=3'17. H. R. von Trau- 
bcnberg found the range of the a-partiehsu in silver to be 1D'2 X10” 4 cm, Accord¬ 
ing to J, Crowther, the eoefi of absorption fi for the j3-rays ia approximately 
proportional to the Bp. gr. D } and for gold, p/D=d3 3. d. Chadwick measured 
the nuclear charge on tire silver atom. M, N, Saha studied the ionizing potential 
of silver; and B. E. Moore, the excitation stages in the arc spectrum of that metal 
Silver ia one of the best of conductors of electricity, and itw conductivity is 
sometimes used as a standard of reference UK), li. F, Lena's 30 values for tJiu 

eleefricftl conductivity am: 

a a Hu oi An Jin vn rii 

EJentricial conductivity . . JOO 73 b 73 3 Abtf 23-fj JO-7 iU J 3 

As indicated in connection with copper, G. Wiedemann and R, Franz emplmsiaod 
the close relation between the thermal and electrical conductivities of the metals. 
The different values published for the electrical conductivity at 0° range From 
GU'flXlO 4 to C8'12xitJ + reciprocal ohms, and the best representative value is near 
tiTUxlU 4 reciprocal ohms. The measurements of A. 0. Beequerel, W. Siemens, 
A, Mutthiessen, etc,, have shown that the electrical conductivity of a hard-drawn 
silver wire is less than that of an annealed wire, A. G Beequervl gave the relutiun 
100 : U)7 ; W, Siemens, 100 :1088 ; and A. Matthiesen, 1(K>: 120. W. 11. Pruett; 
gave I'M ohms for tins electrical resistance, R, of silver at il 1 '; and L t Wei Her 
found that a silver wire, one mm, diameter, and one kilometre long, had a resistance 
of ID’37 ohms at (f The effect of an increase of lampe future is to augment the 
resistance and lower the conductivity, G. Niceolai s value fur low temp., in ohms 
per cm. cube, arc : 

it -w -7uir -me" -- ise 1 -auu* -hm-ii* 

Cllmw . . J-S06 1’2I2 1 040 O-Orti 0038 0 337 0-OJ4 0IW0 

and 15. F, Northrup’s values for high temp, iu microhms per c.c., are : 

me" yon* jeo : rso'* uccr yw hunt lamr uuo* jsoo* 

a . 215 280 34li WtiS 8’4 Ibb J7^)i 111 ao 21-72 23 D 

J4quld 

A r Mattiiiessen and'M. von Bose gave for the resistance, R, of silver, at 6° when the 
value at 0" is represented by 8$ is R =JIp(l-0 U038287tf+0'UXXX)H48^); J. Dewar 
and J. A. Fleming gave /f-JJp(l+Ot)U3770), and V. W. Bridgman found the temp, 
coeff. between 0° and lOtT to be U‘00407 ; L. Hoffmrn, 0 0)410 per degree between 
0° and HX)°; while W, Jiiger and II. Diesselhorat found (J 00400 for silver 01) 08 
per cent, purity. According to H. K. Gnnes, the ratio of the electrical resistance 
of sdver at ft* and at 0° steadily falls as the temp, is reduced : 

. , U a -103 7" -m i* 2 « 2 -r -2504* 

Rtfl^ . . 1 0581 0407 000U 0007 

so that the electrical resistance of silver probably vanishes towards absolute zero. 
A. L. Feild estimated the resistance of mwrphw? silver to be 5 29 micro-ohms 
per c.c, at 2U y , F. W, Bridgman found tho effect of pressure to be : 

50" 75 d 100* 

KcaMimce , t 1 0000 1401J 12024 J 3044 1 4074 

Fh'bh, roeff. 0 kvrm, . . -00 5 308 -Q4U&3 -Q4)*3U2 -0-0*3^ -0 0,336 

PredB, cooff. 12,000 krgm H , , -00*303 -0 0,311 -00*313 -0 0*315 - 0^,318 

The press, coetf. at 0° ia -0‘0 t 308 ; E, Lisell found -0>0 6 3G with a sample con¬ 
taining 0'09 per cent, copper and traces of carbon. FI Lax has studied the effect 
of vicdtani&d stresses on the resistance of silver wires, S. Pienkowsky found the 
electrical resistance of silver is not changed by iUumimtum* L. Grunmach and 
F, Weidert ascertained that the increased roaiatance of silver in a magnetic field is 
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smaller Hum with bismuth, cadmium, or smc f and greater than with gold, copper, 
tin, palladium, platinum, lead, or tantalum. According to S. Weber and E. Vaster* 
hvuB, a iliin film of silver becomes conducting when it is over in thickness, 
A. Sievcite hand the resistance is increased by the outfits fan of hydrogen; and 
0. Szivessy, that it ie increased 0 3 to 0'6 per cent, by the occlusion of oxygen. 
F + Credner found that the electrical resistance of a silver wire at a constant temp, 
diminishes, and this the more rapidly the higher the temp.; at 400° the resistance 
rises again. V. Kohlschiitter with E. Fiflchmsiin, and with A, Noll, lias investigated 
the conductivity of thin films of silver under various coalitions. 1 J . W, Bridgman 
found that the electrical resistance of thin films of silver, for high current densities, 
is greater than corresponds with Ohm’s law. A. L, Bernoulli showed that the 
great increase in the resistance of silver by small proportions of impurities cannot 
be explained by a decrease in the number of conductivity electrons. 

S. Kyropoulos 31 showed that diferent parts of a piece of silver may have a different 
electric potential and thus exhibit different degrees of nobility. For instance, if a 
clean silver plate be scratched aud immersed in a soln, of agar-agar containing 
potassium iodide and phcnolphthalein, the scratches show up as black lines on a 
bright ground through the deposition of silver iodide on the less “ noble ” worked 
parts. According to C, E. Fawsitt, the potential difference of silver with a normal 
soln. of silver nitrate against a calomel electrode is 105.5 volt for brightly polished 
silver ; l'OOQ volt for the same silver annealed at a red heat; and l l 0n7 volt for 
annealed silver hammered until hard. Jlejire, annealed silver is more electro¬ 
positive than hardened silver. He also measured the electromotive force of cells 
with hardened and annealed silver electrodes in eoln, of silver nitrate. V. Kohl- 
echiitter and co-workers studied the potential of silver films produced in various 
ways. According to F. M, 0, Johnson and N. T. M. Wilsmorc, the potential differ¬ 
ence of silver against a hydrogen electrode in U'OLV-, and 0'lJT-AgNO a is -0-771 
volt. I. M. Kolthcff gave —volt. G, N. Lewis found the potential of the 
silver electrode against normal silver ion at 25° ig -0 515 volt if that of the 
normal electrode be zero, or —1 079 volt if the normal electrode has a potential 
—05G0 volt at 13° or —0'564 volt at 25*. Tins agrees with the value found 
by A. A. Noyes and B. F. Braun. G. Magnanini found the difference of potential 
in volte between zinc in a normal eoln. of sulphuric acid and silver immersed in 
the given soln. containing n mole per litre, ^«-H 2 S0 4 , 1213 volt; u-NaOH, 
0358 volt; w-KOH, 1G4U volt; in-Na s 80 4p 1 2U9 volt; n-Na^O^. 0 G+8 volt; 
n-KNO^ 1 G57 volt; ra-NaNO*, 1118 volt; Jw-K 2 Cr0 4f 1210 volt; l?i-K 2 Cr 2 G 7j 
1334 volt; H48 volt; i'257 volt; Jn-K+FeCyn, <>"873 

volt; U’lfiTn-KgFeCyfl, 1‘249 volt; w-KCNB, 0725 volt; tt-NaNO^ 115 volt; 
4«-Sr(N0 a ) El 1-193 volt; fr-BafNO,)* T215 volt; n-KNQs, 1150 volt; : >-KC10 a , 
1209 volt; U'167tt-KBrQa, L208 volt; tt-NI^Cl, 1017 volt; n-KF, 0 515 volt; 
n*NaCl, 1013 volt; /i-KBr, 0824 volt; n-KCl, 1075 volt; i^N^SO*, 1037 volt; 
fi-NaOBr with a quantity of bromine was used corresponding to NaOH-d, 0 997 
volt; n-tartaric acid, 1234 volt; in-tartaric acid, 1257 volt; Jn-potassiumsodium 
tartrate, 1197 volt. U, Sboigi and A. Donati studied the potential of silver 
against various salt eoln,; F. Jirsa, the elfcct of telluric acid on the dollarization 
of silver anodes; V. Knhlschiitter and H. btazer, the anodic behaviour of silver 
in soln. of sodium sulphide; and G. Trihnpler, the e.mf. against the normal 
calomel electrode. F. Walden has made estimates of the diameters and 
velocities of sAtoi ions in aq. and non-aq. solvents. W F. Davey gave 0 85 A. 
for the at, radius of silver in the iodide, and 118 A, for the radius in the chloride 
and bromide. 

G. Carrara and L. d'Agostini found that with a normal soln, of silver nitrate and 
a normal calomel electrode (—0 55 volt) the potential is —1055 volt, and with a 
O'OlA-soln,, —0977 volt; with 0527A- and Oltf-saln. of silver chlorate, the 
potential is —l'G55 and —1024 volt respectively; and with N-silver acetate, 
—0 991 volt. In tho latter cans, A, Jaquea showed that the result ie greatly 
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influenced by the gases dissolved in the electrolyte, hut not in soln. of silver citrate 
or in soln. ol lead nitrate or acetate, N. Jj^arischeff found with an oJkalins sola. of 
silver nitrate G'910 volt S. B, Christy found that in soln. of potassium cyanide 
the probable values are : 

Percent. KCy G'G 0415 006& 0 006G 04)0065 0 000065 00IKXXJ05 0 

Volt > , 4-0340 +0195 +0055 —<>'310 ^0-420 -0 400 -0'4S>5 -0070 

F. Forster found that in cone, soln, of potassium cyanide, the cathode potential 
behaves normally with increasing current density, 

H, J. S. Sand investigated the changes of the cathode j>otential during the 
electrolysis of silver nitrate. F. M. G, Johnson and N t T. M, Wilsmore investigated 
the potential of silver against soln. of the nitrate and iodide in liquid ammonia, 
J. Kcustadt and R. Abegg found that silver does not change its piurc in the electro¬ 
chemical series against soln. of silver salts in water, methyl or ethyl alcohol, acetone* 
or pyridine. N t Isgarisoheff, G, Carrara and L. d'Agostini, ete,, studied soln. in 
methyl alcohol; L. Kahlenberg, soln. in methyl, ethyl, benzyl, or allyl alcohol, in 
glycol, glycerol, pyridine, or quinoline, F, Bechtereff, molten sodium hydroxide ; 
O, Sackur, molten alkali chlorides ; L, Foincar£, fused sodium nitrate ■ F. W, Krister 
and A, Thiel, eoln. of mixed silver halides. The e.m.f. of silver in various combina¬ 
tions of galvanic cells lias been also studied by W> Wolff, S. Lindcck, F. Exner and 
J, Tuma, G. Gore, C. R. A. Wright and C. Thompson, G. N. Lewis, B. Luther and 
F. Pokomy, F. M, G. Johnson and N. T. M. Wilsmore, A. Lapworth and J. R Part¬ 
ington, P. Bcchteieff, F. Haber, R. Beutner, etc. 

The polarization of the silver electrode in different electrolytes has been studied 
by F. Streiotz, E, JPiram, A. Oberbeck, M, le Blanc, G, Grube, R. Kremunn and 
F. Noss, F. Haber and J, Zawatlsky, etc. F. Beehtereff found silver becomes 
pamue in molten sodium hydroxide and has the cathode polarization at 5UF for 
current density 0 25,0 63, and 189 amp. per sq, dm,, the respective voltages G'026, 
0 083, and () 377. Tt is less than for platinum, iron, or nickel, and is diminished by 
sodium peroxide, W, Wintef has studied the electrolytic value action of silver 
anodes. 

G. T. Beilby ^ found a thermo-electric current is produced by a thermo-couple 
with hardened and annealed silver wires. A. L. Bernoulli, and 0. Sackur have 
studied the e.m.f. of niliwr-cvpper couples at different temp.; 


3LH>- &S0 fl W ftfi* 

Microvolt* . —14 -17 -10 0 

740 J 
H-i4 

77 

+20 

+30 

G. von Hevesy and E T Wolff of the tfiZucr-Tueitel couple : 




u--so° o' 

Microvolts .... 221 237 

’-IflO* 

200 

(P-W 

200 

0°-S«0* 

354) 

J, Dewar and J. A, Fleming of the silver-lead couple ; 




“106-S* -BE* 9 4“ 

Microvolts . 434 -2616 -205 +SP21 

UZ° 

+6-73 

70 S D 
+22 1 

ICQ-l" 

+33-2 


W. Jager and H, Diesselhoret, J. Dewar and J. A. Fleming, K. Noll, W. H* Steele 
have measured the e.m.f. of the silver-platinum couple* L, Holborn and A. L, Day's 
values are: 

10U“ 200 * ooo* sw* 1000* 

Microvolt . -016 +0'74 + 18 +45 4-8-2 +132 +100 

W. W. Ooblente found the tUver-bismuth couple to have a thermo-e + ro,f, of 89 micro¬ 
volts per degree; N, A. Gesehus found the positive thermo-e.m.f. of silver is less 
than for antimony, cadmium, and zinc, and greater than for copper and brass. 
J, Monckinan found the thermo-electric properties of silver were not influenced by 
the occlusion of oxygen. X. Noll found that for hardened and annealed silver, the 
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tiker-mercary couple had respectively an c.m.f. of +710 3 and -[-6711> microvolts 
between 0° and 1CNJ 0 . E. Bedstrom, and H. Jahn have studied the Peltier effect for 
combinations of silver with various metals—Ag-Gd, and Ag-Zn, The thermo¬ 
electric force of silver against load at atm. press, and &° is ~(2 55G0-j-OQO4320 2 ) 
Xl(H volts; the Psltier effect is P^(2'5D6+UTJO8640)(HiJ73)XlO-'* volts; and 
the Thomson effect o - —U'OUB^tf-j^TSjxlO -0 volts per degree, K Lecher found 
that the Thomson effect between 123* and 525° could he represented by (7 363 
-fO'OQ8870)lU' r gram-cais. per coulomb. P* W. Bridgman observed the effect of 
press, between the compressed and uncompressed metid, and a selection of the 
results is indicated in Table VII. The Scebeck and Peltier effects arc positive and 


TaDLE Vll,—TUE EwECT OV pEKSSUnE ON THE £EKBE(.K h l J *J,TtER» AND THOMSON 

Evicts* 



1 Steljerlf effect. 1 

IV-ltier effect. 

Ttufrriwjn effort. 



VnltaxiO 8 


J<iw]d4 per ftmtfmib X JO 8 . 
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87 
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increase regularly with press. and tenip. The Thomsen effect is positive and 
increases with rising press., and any constant press, is proportional to the absolute 
temp. E. Wagner also measured the dfcct of press, on the Scebcck effect* 
G. Boreliua and F. Gunneson found the Thomson effect, in microvolts per degrees, 
to be 1'IK) at 4(K)° K., 1 31 at 300* K., O bi at 200° K., 0 55 at 150° K„ 0 25 at 
120° K., and —OTO at 105° K, A, Cohn and A. Lotz studied the contact 
electricity of silver against glass in vacuo. 

A, Giinthcr-Schulzc 23 has found that silver exhibits the electrolytic value action 
with dil. hydrochloric, hydrobromic, or hydriodic acid. The formation of the 
electric are, or sparking between silver poles, has been studied by K. J. Kasper, 
R. Tagc, and IX Roschansky. The disintegration of the metal during sparking in 
vacuum tubes, etc,, has been studied by W, Crookes, 2 * H, B. Williams, V. Kohl- 
schiitter and T. Goldschmidt, etc. Thu tendency to disintegration is said to be 
greater with silver than with platiuum, copper, nickel, iron, or aluminium ; and to 
be smaller in air than in hydrogen, F* W. Aston found Crookes 1 dark apace in 
vacuum tubes is thicker with silver than with aluminium, magnesium, iron, copper, 
zinc, tin, platinum, lead, carbon, or mercury. E. Weiss, and F. Ehrenhcft have 
studied the character of the colloidal particles obtained by the disintegration of 
silver electrodes during sparking. W. G. Duffield, T, H. Burnham, and A, H. Davis 
studied the electric are between silver electrodes; and V. L. Chrisler measured 
the potential gradient of the arc with silver electrodes. 

P. Joubin 25 places silver among 
the magnetic metals, while it is usually 
regarded as diamagnetic, since it ap¬ 
peared in M. Faraday’s list (1846) of 
diamagnetic metals: bismuth, anti¬ 
mony, . . . mercury, silver, copper— 
concerning which he said, ‘ l I cannot 
be sure that they are perfectly free, 
from magnetic metals/’ The magnetic 
susceptibility of silver has been determined by J. A. Fleming and J, Dewar, S, Meyer, 
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J, Kbnigflberger, 0. Chtaieve&u, otc. About 15°, tha value la —13 to —17x10 fl 
volume units; and —02x] £ i" 6 mass units. The magnetic susceptibility in* 
creases during the melting of the metal Owen found a numerical increase, 

K, Honda found very little change* e,<f. he obtained —019 x IO“ 0 mass units at 18 y , 
and “0 + 22xl0 jfl mass units at 1100°. There is, however, a discontinuity at tho 
m + p. as illustrated in Fig* 8. W. Gcrlach and O. Stern demonstrated the mag net io 
moment of silver atoms. 
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§ 7. The Chemical Properties o! Silver 

Exposure to dry or moist ail has no effect on silver if the air be free from extra* 
neous constituents—ozone r hydrogen sulphide, etc.—which do attack the metal* 
Silver is not attacked by moist or dry oxygen at ordinary temp, and press., but 
J. L. Proust 1 early succeeded in oxidizing silver with the mouth-blowpipe. 
H* le Chatelier also found that at press, exceeding XJ» atm,, the metal is distinctly 
oxidized at about 300 b ; and, according to W. ManckA, ailver ia covered with a 
very thin film of oxide if it be heated to 20G a in air. H. St. C. Dcville and H. Debray, 
and L, Trooet and P, Hautcfeuille found that a mixture of silver oxide and silver 
is obtained when ailver vapour, obtained by heating silver in the oxyhydregen 
blowpipe, ia rapidly cooled in air; the former also reported the presence of silver 
oxide in the condensed fumes from blast furnaces working phmb argentifere* 
H. von Wartenberg explained the more ready volatilization of silver in oxygen 
than in nitrogen by assuming the formation in oxygen of the more volatile silver 
oxide which can be detected in the condensed material. V. Kohlschiitter and 
A. Noll found that silver disintegrated at the cathode in a tube containing oxygon 
or air at a low press., contains some silver oxide. It is also said that when silver 
is deflagrated by the electric discharge in air, the brown product which condenses 
from the vapour contains silver oxide* W. G. Duffield observed the formation of 
silver oxide by producing an electric light arc between silver electrodes. The 
oxide appeared as a black growth on a third cathode negatively charged to DO volts 
and placed about 2 mm* above the horizontal are* 

It has long been known that when silver is melted in air, the metal is liable to 
spit and splutter during solidification, Suetonius, a Roman historian of the first 
century, referred to the blistered surface of silver, which ha* been melted in air, as 
on/mlim pustulatum. The cause of the spitting of silver was established by 
S. Lucas in 1819. He showed that the phcnomEsnon was due to the absorption of 
oxygen when the molten metal is exposed to air, or to oxidizing substances like 
" some of the nitrates/' and the subsequent evolution of the absorbed gas as the 
metal is quickly or slowly cooled. He stated that when silver, which has been 
melted in air eo as to acquire oxygen, is leit to cool gradually, for five minutes or 
longer, protuberances like miniature volcanic cones are thrown up here and there 
over the surface of the metal; if cooled rapidly, by being poured into water, 
the same phenomenon occurs, but the piotuberanres are smaller, and spread more 
equally over the surface. He collected a sample of the gas given off by tho metal 
cooling under water, and John Dalton's analysis showed that it contained 8G or 
87 per cent, of oxygen. In spite of precautions, some air must have been also 
collected with the oxygen. £J h Lucas further ascertained that substances having a 
powerful affinity for oxygen, abstracted that gas from molten silver ; for example, 
by spreading charcoal for a few moments on the surface of the metal, the whole of 
the oxygen was removed, and there was no emission of gas during the cooling— 
whether slowly or quickly conducted. 

P. F, Cheviilot showed that every gram of silver melted in air gave off, on 
solidification, 0 975 c.c. of oxygen; and J, L* Gay Lussac, that silver which had 
been melted under nitre gave off under tho same conditions 22 times its volume of 
gas* H- Rose found that if silver be melted under a layer of potassium or sodium 
chloride, the metal solidifies with a bright surface, showing that oxygen had not 
been absorbed and afterwards emitted. If potassium or sodium nitrate be mixed 
with the saline covering later, spitting occurs. The ailver obtained by the reduction 
of the chloride by fusion with sodium carbonate does not spit oven though oxygen 
is evolved during the reduction: 4AgCl+^2K a CC^=iAg+^Gl+2CO s 4'O a * 
The non-spitting of the silver is due to the evolution of the oxygen before the silver 
has melted* For the same reason, potassium chlorate does not cause spitting, 
while potassium chromate does \ nor does silver spit when fused under a mixture 



SILVER 


343 

of sodium chloride and manganese dioxide. A. Sie verts and J. Hagenackcr measured 
tho amount of oxygen absorbed by two grams of silver at different temp, and found : 

Temp. . - ■ G23* 97» fl 1024* 107fi s 1125° 

Oxygen oectuf I Rd . 050 21HG 3050 JD-StP J8-4t»o.c. 

The volume of oxygen was Imre reduced to 0° and 760 mm, press. The results 
computed for the volume of oxygen absorbed per unit volume of silver are plotted 
in Fig* 9. 

J. W. Russell and A. Matth lessen* and C, T. Hey- 
cock and F, H, Neville found that hydrogen, 
nitrogen, carbon dioxide, and carbon monoxide do 
not cause spitting when bubbled through the molten 
silver; but the contrary is the case with oxygen 
and air. P. Hautefeuille and A. Perrey found that 
the metal spits if fused in on atm. of phosphorus 
vapour, and to a less extent in arsenic vapour, 

P, F. Chovillot found that silver with more than 
15 per cent, of copper did not spit; J. L, Gay 
Lussac said that G per cent, of copper is effective, 
presumably because the copper unites with the 
oxygen which the silver absorbed. A. Le vot 
found silver with one-third its weight of gold 
spits, but when tho alloy has less silver than gold 
the phenomenon does not take place. 

Not all the absorbed oxygen is given off on freezing ; a little oxygen is retained 
by the solid, and it can be abstracted by heating the metal to 4CO* or 500 s in vacuo* 
In this way B. Brauner obtained 0 347 c,c. of oxygen from 100 grms. of the metal 
heated a little over 450°. J, li* A. Dumas suggested that in J. S, Stas* at. wt. 
determinations, the silver must have contained occluded oxygen because the metal 
was melted with borax and nitre, but J, S. Stas always heated the silver to % dull 
redness before a weighing was made, and the greater part of the occluded oxygen 
would thus be expelled. J. S. Stas 1 results have been examined in the light of these 
facte by L, Meyer and K. Scubert* J. van der Plaats, etc. 

Froi]i experiment on the Jiction of oxygen on silver, made by C, F. Plattner, 
in 1656, he concluded that at ordinary temp, solid silver has very little affinity 
for oxygen, but at a moderately high temp, silver is oxidized by gaseous oxygen, 
and the silver oxide which is formed at that temp, is volatile, while at a lower temp, 
the oxide is resolved into silver and oxygen. Ho further added that the phenomenon 
of spitting is due, not as generally believed to tho simple absorption of uncombined 
oxygen and its subsequent liberation, but rather to the formation of silver oxide 
at a high temp,, and its soln. in molten silver like that of cuprous oxide in molten 
copper; and to the subsequent resolution at a lower temp, into its elements— 
silver and oxygen* 

There are three possible cases. The oxygen absorbed by tho silver may bo 
chemically combined with the motaf, or dissolved either as diatomic molecules, 0 2 , 
or monatomic molecules, 0* 

(1) If the gas ho not chemically combined, and Henry’s law of absorption be 
valid, the cone, of the dissolved oxygen will he proportional to the partial press* of 
this gas, provided the molecules have the same complexity in the liquid and gaseous 
states— viz, diatomic molecules. In that case, tlie partial press, of the free oxygen 
and the cone. Co s of the gas in solo. will be in equilibrium when p=k^C^ whore 

is a constant. Consequently, if the oxygen be in the same mol* state in soln. 
and gaa, the ratio p/Co, will be a constant. This is not the ease, and the hypothesis 
is therefore invalid. 

(2) Next suppose that the dissolved ges is in the atomic condition, 0 2 ^0, by 
the law of mass action, Oo t =?£gCo; but Henry's law is valid for the dissolved 
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di&boznic molecules of oxygen* (’o t > or p—kiu, who to h is a constant eq + to 
the product Consequently if most of the dissolved oxygen is in the monatomic 
condition, its cone. Co will be proportional to tie square root of tie press, of tie 
oxygen ga&, or Co or the ratio ^pjCo is constant. This is what A. Sievcrts 
and J. Hagenackcr actually observed within the limits of experimental error. 
Let p denote the partial press, of the oxygen in mm. of mercury ; and C the number 
of c.c. of oxygen reduced to normal temp, and press,, absorbed by 10 87 grms, of 
silver at 1075°: 


p-^ 

1203 

m 

4S& 

34t; 

m 

lf>0 

30 

c= 

21>^1 

2101 

1702 

I4f>3 

I1-7A 

JffiOl) 

4-75 



1-31 

1 '30 

L’23 

P23 

1-21 
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The constancy of the ratio \/p/G 1 is thus in agreement with the assumption that the 
dissolved gas is in the atomic condition ; and the inconstancy of the ratio pjC is 
not in agreement with the assumption that the dissolved gas is in the same mol. 
state, O a , as the gas. 

(3) If the oxygen in the molten metal is mainly in the form of oxide, Ag E 0, 
the equilibrium relations in the molten silver are Ag 3 0=2Ag-^0; and 0^20; 
and for the small amount of mol. oxygen in the soln., by Henry's law, p—i l 0 0l as 
before, exactly the same result is obtained, namely, CV-^XvV Consequently, 
as F, G. Donnan and T, W, A. Shaw have emphasized, measurements of the partial 
press, of the oxygen will not distinguish between dissolved oxygen in the atomic 
condition and oxygen chemically combined with the silver as Ag 2 0. According to 
the latter hypothesis, silver melted in air or oxygen is a dil. soln, of silver oxide, and 
is accordingly stable in spite of the great dissociation press, of the oxide. As the 
metal solidifies, the silver oxide, virtually insoluble in solid silver, is rejected from 
the soln., and dissociates explosively esausing tins mass to splutter. The experi¬ 
mental evidence does not here answer the question : Js the dissolved oxygen in soln. 
as silver oxide, Ag a G, or as free atomic oxygen ? F. G. Donnan and T, W. A. Shaw 
add: 

It is interesting to compare the solubilities of oxygen in molten f'oppor, silver, and gold, 
la the ease of copper the solid oxide (AiJ) can separate from the nulu., tfince the dis- 
aoeifllion press, of Cu^O at tlu> m.p. of cupp*. 1 ! 1 is quite low, Jn tins cum* of silver the solid 
phase Ag s O cannot separate owing to ite very ^rent oxygen dissociation-press,, although 
Ag a O can probably exist in diL soln, ill molten silver. Finally, in < ho rtwe of gold the affinity 
between this motel and oxygen has hocomu so low that even a very <hl. solu. of oxide of 
gold in mollen gold would correspond to an oxygen press, many tunes greeter t han that of 
tho atm. Tills comparison may jierh&jia lend some support to the view that the oxygen 
present in molten silver oxiste as dissolved silver monoxide. 

According to T. Graham, silver can occlude 0 74& vol, of oxygen, which, " like 
the hydrogen in palladium, is permanently fixed in the metal at all temp, below 
an incipient red heat. It does not tarnish the bright motel surface of the silver, 
or produce any appearance suggestive of the oxidation of the metal ” T. Graham 
found that a piece of silver wire absorbed 0 - 2U vol. of hydrogen at a red heat; 
G. P. Baxter, that fritted silver, reduced from the oxide, occluded very little 
hydrogen; G, Neumann and F. Strcintz, and A. Sieverts and co-workers, that 
none was absorb d. M. Berthelot observed that silver heated to redness in a stream 
of hydrogen shows some signs of disintegration to dust. H. 1c Chatclier found that 
hydrogen is absorbed, by silver at about (S0G°, and rejected about 30* from the m.p. 
The absorption of hydrogen by silver has also been studied by T. W. Richards, 
C, Chabrier, and H, T. Calvert. According to H, Hartley, during the absorption 
of gases and their catalytic combustion on a surface of silver, the metal acquires a 
negative charge. V. L. Chrisler, and W. Heald found that hydrogen is rapidly 
absorbed by a silver electrode when an electrical discharge passes through the attenu¬ 
ated gas. T, Graham also found a specimen of what he called tf fritted silver ” to 
occlude O + 038 vol of hydrogen, G'545 vol. of carbon diffltidA, and O'156 vol of carbon 
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monoxide, but be remarks that this sample occluded hydrogen and carbon dioxide 
in larger proportions than former specimens he had examined. In another sample 
of silver he found T37 vok of carbon dioxide, 020 vol of nitrogen, and 004 vol. 
of carbon dioxide* 1\ A. Guye and F r E, E. Germann found hydrogen to be practi¬ 
cally insoluble in silver, while carbon monoxide is appreciably soluble. A. Sicvtirte 
and M. Burthelot could detect no change when silver is heated in an atm. of nitrogen. 
A, Siuverts and E* Bergner found that argon is not absorbed by silver at J 130°. 
lied-hot silver is permeable to oxygen, but only traces of nitrogen, carbon dioxide, 
or carbon monoxide can pass through the metal. 1‘. A, Gnye, and Q. P. Baxter 
and co-workers have measured the occlusion of gases by silver. The last-named 
found crude silver occluded GOOli per cent, and refined silver U(KX)t>3 per cent, 
under ordinary conditions. H, you Euler and A. H. Hedalius studied the adsorption 
of silver nitrate and potassium chloride from aq. soln. of these salts, by very finely 
divided silver, 

0. Chabriur, and M. Jiortlielot 9 have digcussnd the possibility of forming a silver hydride, 
AgFf. E- J* llartlelt and W. F. Kico added an oxoess of dll. Iiypophoaphorouti ueid to a 
dtl. sola. of silver nitrate, and obtained first a red and then a block soln. which cuujd he 
blrorod unchanged. The black sohi, flocculated when allowud to aloud o few miauls; 
the product wtw washed and dried to a constant weight at fiU°. It has been miggisuted 
that the block residue is silver hydride because it Iokbs from U'fltt tri U*)0 per cent, when 
ignited—for sdvwr hydride, AgM, the t heoretical lonjs is U'U l per cent. The aJItginJ compound 
is nr>t decomposed by wutrr, and in the presence of hypophosphereins ond it giv<M no 
hydrogen. The evidence «k io the individuality of the alleged hydride i* very feeble. 
A. Sievorts and F* LOamer say that if the hypophoaphorous acid is free from chlormo the 
precipitate is silver quite free from hydrogen. 


C. F, Schbnbein 3 allowed that silver reacts with ozone, forming a peroxide, hut 
only when the gas is moist; and, according to H, Thiele, dried ozone haa no action 
onthe dry metal. If warm silver be allowed to cool while a stream of ozone impinges 
on the surface of the metal, a black film of silver oxide is produced. The maximum 
effect is obtained between 241 ^ and 230 ° ; there is no action at 450 °—vitie ozone. 
According to R, J* Strutt, a single collision of an ozone molecule with silver suffices 
for its decomposition. Silver lias a marked catalytic action on tho decomposition 
of hydrogen peroxide ( 7 . 17 .). 0. P. Watts ami N. D. Whipple studied the corrosion 
of silver by hydrochloric, perchloric, phosphoric, nitric, chromic, sulphuric, and 
acetic acids, by sodium hydroxide, and by a number of oxidizing agents—hydrogen 
peroxide ; sodium arsenate and nitrate ; ferric sulphate, and chloride ; potassium 
diekromate, chlorate, permanganate* nitrate, bromide and iodide ; and mercuric 
chloride* 

Silver reduced by zinc from silver chloride retains water very tenaciously at 
1G0°; and* according to A. Vogel, 4 the water is only completely expelled by heating 
tho metal to 210°* At ordinary temp, water has no perceptible action on silver 
either m mos&e or in a finely-divided state. M* Trail be-Mcngarini and G. Seals* 
K, Kahle, G. P. Merrill, and G. van llijk, have reported that silver is slightly soluble 
in hot water ; and that the solubility is rather smaller than copper and greater than 
platinum. A, Leduc, T, W. Richards, E, Collins, and G, W. Hcimrod, and 
K, E. Guthe, showed that properly washed silver does not change at room temp* 
by a prolonged digestion with water* W* Skay stated that when silver is immersed 
in distilled water for a few hours, its surface is bo modified that it will not amalgamate 
immediately afterwards ; the elfect was not produced by spring water or by rain 
water. The affected metal is again susceptible to amalgamation after it has been 
in contact with rain or spring water, a soln. of ferrous sulphates, acetic acid, or after 
it has been heated to 260*. W. Skey assumed that in distilled water oxide of silver 
it) formed, and in spring water and rain water the oxide is converted to chloride. 
The chloride is readily amalgamated by mercury, and he assumes that the oxide is 
not, although F. J* Malaguti and J. Durocher say that silver oxide is easily reduced 
by mercury. According to H. V* Regnault, when steam is passed over silver at a 
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white heat,[there m a notable disengagement of hydrogen; and, on subsequent 
cooling, the metal spite owing to the escape of the absorbed oxygen* In this 
experiment, H* St* C. Deville considers that the silver probably absorbed the 
oxygen gas from the products of the thermally decomposed steam* 

H* Moissan fi observed that fluorine attacks silver very slowly in the cold; at 
100 u , the action is faster; and at a red heat, the action takes place with incan¬ 
descence* R. Cowper found that dry chlorine has scarcely any action on dry 
silver, but if moisture be present silver chloride is formed without incandescence ; 
and, according to V* von Cordier, the reaction is quicker in light than in darkness. 
J. S* Stas noted that chlorine water acts similarly. H. Gautier and G, Charpy also 
showed the reaction between dried chlorine or bromine and silver is very slow* 
The attack with chlorine is faster than with bromine. According to G, Reboul, 
dried chlorine, bromine, or iodine vapour attacks a piece of silver foil more vigorously 
where it has been bent than in the parts of less curvature. When silver is heated 
with iodine, silver iodide is formed. J. H. Kastlo said that the reaction between 
chlorine, bromine, or iodine and finely-divided silver is quantitative. A, Galecky 
and L. Bruner found that when a sob, of bromine or iodine in nitrobenzene, not 
completely dried, is electrolyzod between silver electrodes, silver halide forms on 
the anode, and silver is deposited on the cathode. C. C, Perkins noted that iodine 
is removed from aq. soln. by finely-divided silver. According to R* G, van Name 
and G, Edgar, the rates of dissolution of mercury, cadmium, zinc, silver, and copper 
in aq. sob. of iodine and potassium iodide are nearly the same at 25 t \ L. Bruner 
and E. Bckrn found that silver is rapidly attacked by iodine chloride* ICl, while 
iodine bromide attacks silver very little* G, Tammann has studied the formation 
of surface films by exposing the metal to iodine vapour, and obtained similar results 
as with copper {?,v.J. 

C. W. Scheele, and J. L, Gay Lussac and L* J. Th6nard a reported that aq. 
hydrofluoric add does not act on silver. According to A* Jouniaux, dry hydrogen 
fluoride free from oxygen does not attack silver in light or darkness at ordinary 
temp. According to J. B, J. D. Boussingault, M. Berthelot, and A. Jouniaux, both 
hydrogen chloride and hydrochloric add attack silver if air be simultaneously 
present* For the action of hydrogen chloride on silver, see silver chloride. Ac¬ 
cording to J. L. Proust, when metallic silver i& kept in hydrochloric acid, hydrogen 
is slowly evolved, and the reaction is more rapid if the acid he aerated. C. W. Scheele 
also showed that silver chloride is rapidly formed by the action of hydrochloric 
acid in the presence of various oxidizing substances such as manganese peroxide, 
arsenic acid, red lead, etc., and chlorine is at the same time evolved. N. W, Fischer 
also satisfied himself that silver docs dissolve in hydrochloric acid and tliat the 
reaction is induced if another metal be present; indeed, M. Faraday and J. Stodart 
observed that in the analysis of their supposed alloy of silver and steel, the silver 
was attacked and dissolved by hydrochloric acid. G. Wetzlar, however, doubted 
whether the purified acid* has any action on the purified metal Silver derived by 
dissolving out the zinc from zinc-silver alloys by hydrochloric acid is stated by 
D* Plalitsch to be an allotropic form of silver because it differs from ordinary silver 
in ep. gr,, heat of soln. in mercury, and electrolytic potential. For the action of 
hydrogen bromide on silver, tide silver bromide; and for hydrogen iodide, vide 
silver iodide. M* Berthelot found silver is readily attacked by hydrobrounc acid 
at ordinary temp., and the reaction is more marked than is the ease with hydro¬ 
chloric acid. Hydriodic add is the most active of the halide acids. H. St* 0. Deville 
and A. Potilitain showed that the metal dissolves readily in the cold with the 
evolution of hydrogen, and when the acid is cone, the action is vigorous* The 
action continues until the liquid is sat. with silver iodide, and if the soln. be then 
heated die action is renewed. H. Banned showed that the reactions in sob. are 
reversible. 

According to K. A, Winkler,* silver easily decomposes sodium chloride at a 
red heat and with access of air, forming silver chloride, and this action is the more 
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pronounced the more finely divided the silver, H. Rose molted silver under common 
salt, bo that air could get only a very limited access, and until the salt had in great 
part volatilised ; the residue contained much silver chloride, and it was not in the 
feast alkaline* He assumed that the sodium of the salt is evolved ae sodium oxide 
or hydroxide, and that this combines with the clay of the crucible and is so removed 
from the sphere of the reaction, for, at the temp, of the experiment, sodium hydroxide 
readily reduces silver chloride to silver. The greater the heating the greater the 
loss of metal by conversion into chloride. He found that with coins containing 
copper the conversion was considerably reduced, and he stated that “copper 
prevents the formation of silver chloride and the consequent loss of silver/ 1 H, Rose 
also said that C, F. Platfcnor roasted a mixture of finely-divided silver and common 
salt with the addition of a large excess of cupric or ferric oxide, and found no more 
silver chloride was formed than without such addition. 

According to G. Wetzlar, 8 when silver is subject to an aq, soln, of sodium chloride 
with access of atm. air, silver chloride is formed, and the soln. acquires an alkaline 
reaction. H, St, C, Deville made a similar observation in 1859, for he found that 
silver dissolves with extreme rapidity though in small quantity in a cone, aq. soln* 
of sod in tn chloride, and the soln. turns red litmus blue owing to the formation of 
sodium hydroxide. In this way it is supposed that coins, etc,, recovered from 
submerged wrecks, have been converted into silver chloride by long immersion in 
sea-water. Thus J. L. Proust found some silver piastres, recovered from a sunken 
Spanish ship after many years' immersion, had been almost wholly converted into 
chloride. Silver salt-cellars may become corroded by contact with table-salt, and 
in consequence such articles are sometimes gilded internally. J. Percy showed 
that “silver chloride is not formed when a soln, of sodium chloride is boiled in 
contact with silver, unless atm. oxygen has access.” 

Silver coins which have been long buried in the earth are almost always covered 
with a dark grey layer of soft silver chloride, i,e, horn silver, of varying thickness* 
If the silver contains a large proportion of copiwr, they show the green patina 
characteristic of bronzes. F. Rathgcn, and A. Schertcl say that there is a layer of 
silver suhchloride, AgoCl, between the surface layer of normal chloride and the 
metal, but this is probably a wrong inference. The outer layer of chloride can be 
removed by dissolution in ammonia-water, and a silver coin of Edward the Con- 
feasor's period is stated by J. Percy to have had the percentage composition ; 

Coin Aeci CuO KWHIiOttCI, ButphfttM 

SS-30 10CO 0-73 0'41 trace 

There is usually a layer in immediate contact with the metal consisting of cupric 
oxide, silver sulphide, gold (if the silver is auriferous), etc. The following is 
A. H. Church’s analysis of the granular layer from an ancient tomb in Cyprus : 

As Au Cu Pb Sb As Bl 

94-09 0'4I 3-43 0 28 Q-21 tract) tr&co 

Both the analyses of A, H, Church, and R. Warington show that the composition of 
the unaltered ductile metal core is the same as that of the brittle granular layer ; 
perhaps these facts are better expressed by saying that no difference in composition 
was revealed by the methods employed for the analysis. It was accordingly assumed 
that the change from the ductile to the brittle silver is purely physical, and is 
produced by “ a molecular change, which in the course of flgoshad occurred through¬ 
out all the thinner parts of the piece of silver, but had left unchanged in the thickest 
port, a central fusiform core. A crypto-crystalline structure had been produced 
in the previously homogeneous alloy, which caused the peculiarly easy fracture of 
the metal.” A, Schertera explanation of the change is as follows ; 

Thu layer of chloride of silver shows plainly that the water percolating through the 
(day, and containing chlorides in sdu, first changed tho copper into cupric chloride, and 
that this formed, with the silver, atgeatoos and cuprous chlorides. The cuprous chloride 
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waa then recon verted into cupric chloride, and again attacked the wlver. The clay sur* 
rounding the metal kept the liquid in contact with it for a long time i so that, with hut 
littlo copper, much silver was converted into chloride, The clay retained the chloride of 
idvof like a filter, so that a thick incrustation was formed upon thr vessels. 

M, BerfrheJot added: 

Silver chloride lb for the meat part produced hy the aoriimn chloride dissolved in subsoil 
Water* which aots in conjunction with the oxygen and carbonic acid of the air; 4Ag-f-Q a 
-f- 2 (rt -f- 2)NaCl + CO = 2(2AgCl.aNaCI) + STfajCU* ; hut thia reaction difTein from that 
which takes place in the case of copper in that it doen not pruned eontinuously except in 
the presence ol a considerable quantity of Halt-water* as, for instanre, in the ijna. In 
museums* the alteration goes no further than corresponds with the minute quantity of 
sodium chloride contained in the object. On the other hand, in an earth which contains 
salts, the continued presence of water can bring about a mere or less mark* 1 *! change. 

E> von Bibra adopted a similar explanation, and assumed that the reddish colour 
sometimes seen on silver near a fresh fracture is produced by cuprous oxide. The 
outer layer is also coloured reddish-brown cither from the adhesion of minute 
quantities of earth, or from the products of the action of light on the silver chloride. 
There is no need to assume with A, Schertel that the presence of cupper U n vital 
necessity, because, as J. Percy remarks, silver chloride alone can be formed under 
the conditions stated— viz., the presence of atm. oxygen, and dissolved chlorides. 
This explanation does not include tho layer of unattacked metal which has lost its 
malleability and toughness. A. Schertel did succeed in making a rolled silver coin 
brittle by digesting it six months in a soln. of sodium chloride, but, in this particular 
ease, the brittleness was due to the abstraction of copper from the metal. 

C. J, B. Karsten, 11 and J. Percy found that, at a temp, between 12° and 2t) a , a 
soln. of cupric Chloride alone reacts very slowly on silver: CuCla+Ag=.AgCl-hCnOI, 
but the action is very rapid in the presence of sodium chloride. M. C. Lea prepared 
a purple photo chloride (colloidal silver) by tho action of metallic silver on a aoln. 
of cupric chloride. C, J, B, Karsten also reported that an ammuniacal soln, of 
cupric chloride does not act on silver. According to 0, Wetzlur, metallic silver 
slowly reduces an aq, solm of ferric chloride : FeCI* j-Ag =PeCl^+AgCI, and 
J. J, Berzelius utilized the reaction in determining the relative proportions of 
ferric and ferrous oxides in substances soluble in hydrochloric acid. At a certain 
stage in the reduction of ferric chloride by silver* G. Wetzlar noted the formation of 
what he regarded aa black silver subchloridc which, by prolonged immersion in tire 
soln. of iron chloride, is converted into white silver chloride. According to A. Vogel, 
and M.C. Lea, silver reduces anaq, soln, of mercuric chloride to mercurous and silver 
chlorides : Ag+HgCl^HgCl+AgCl; 0. Jones assumed a double salt, HgCl.Agd, 
is formed. According to G* Campani, if the action of finely-divided silver is allowed 
to continue for some hours, mercury is formed : 2Agd-HgCJg--2AgCl-|-Hg. When 
a dry mixture of finely-divided silver and mercuric chloride is heated, mercurous 
chloride sublimes, and silver chloride remains. A, Colson* and J. N, Brbnsted have 
studied the reducing action of silver on mercurous chloride, where the action is 
reversible. 

According to A. Ditte, silver is attacked by aq. soln, of potassium iodldG 
forming a layer of silver iodide on the metal* with cone, soln, of potassium iodidii a 
double salt, Kl.AgI.AH £ 0 T may be formed. A. Seyewetz found finely divided silver 
forms silver iodide when treated with a sat. soln, of potassium iodide in p-benzo- 
quinonc ; analogous results are obtained with a soln* of potassium bromide* 
G. Campani found that silver precipitates mercury completely from an nq h soln. 
of mfircuric iodide and potassium iodide. According to A. J. Balard,^ chlorine 
monoxide and hypochlorous acid* as well as aq. soln. of tho hypochlorites with 
finely-divided silver form silver chloride, and give off oxygen. W. S. Hcndrixson 
found silver is attacked by chloric odd, tromio acid* and iodic add (?.v.) in 
accord with the equation: 6Ag+OHClC^=AgCl-h5AgC10 3 -l-3HgO. C, Zenghelis 
found that silver foil is reduced by a soln. of potassium chlorate. 0. P. Watts 
and N, D. Whipple investigated the action of perchloric add on silver. 
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Silver is slowly attacked by contact with SOlphur at ordinary temp- This is 
evidenced by rubbing a silver coin with a piece of sulphur, when a black stain of 
silver sulphide appears. Sulphur vapour reacts much more quickly, and W. Spring 11 
reported that a mixture of sulphur and silver unite when compressed under high 
press. On the other hand, E, Qbach found a aoln. of sulphur in carbon disulphide 
to be almost without action on silver —vide silver sulphide. According to 
A. Orlowsky, the affinity of silver for sulphur is a little less than that of copper, 
but the affinity of selenium for silver is the greater- The affinity of silver for 
sulphur is also evidenced" by its action on mercuric sulphide which, according to 
A. Colson, involves a reversible reaction. According to J. J. Berzelius, silver 
is blackened by the vapour of selenium* and the two elements unite when fused 
together ; B. Brainier, and J. Margottet found similar remarks apply to the action 
of tellurium on silver. According to J* M. Cabell, purified and dried hydrogen 
sulphide docs not attack silver at ordinary temp. ■ on the contrary, silvot rapidly 
forms sulphide when the gas is admixed with air* The tarnish which silver acquires 
by exposure to the atm. contaminated with animal exhalations containing sulphur 
—possibly hydrogen sulphide—is duo to the formation of a surface film of silver 
sulphide. The tarnish is most effectively removed by a dil. soln. of potassium 
cyanide. Net only does thoroughly dry hydrogen sulphide appear to be inert 
towards silver, but air or oxygen also appears to be necessary for the attack, because 
F. L, TIahn found that hydrogen sulphide may be bubbled through water in which 
silver has been placed, without blackening the metal. A trace of oxygen or 
hydrogen peroxide causes an immediate blackening. G* Eebtml found that with 
a bent piece of silver, the attack by hydrogen sulphide is greatest where the curvature 
is greatest- Liquid hydrogen sulphide waa found by E. Beckmann ami 1\ Wiintig 
to have no action on silver. According to J. Percy, “the fading of some photo¬ 
graphs, untoned by gold, is due to the transformation of silver or of a silver compound 
constituting the image into silver sulphide, which, in an extremely thin film, is 
yellowish-brown, just like incipient silver tarnish.*’ M. Berthelot found hydrogen 
sulphide in the presence of silver decomposes at about flfKT, forming silver sulphide. 
JL I’elabon has studied the reversible reaction : 2Ag-fH^S^AgjS+H^ at elevated 
temp. Silver is al&o attacked by hydrogen BelenidfS, and the reversibility of the 
reaction, ^Ag-hlliiSe^Ag^Se-j-Ha, has been studied by H. Pelabon, 

E, Priwoznik found that silver is blackened by ay soln, of the alkali sulphides* 
forming silver sulphide which dissolves in the excess. According to F, L. Hahn, 
air or oxygen is necessary for the attack on silver by alkali sulphides because, if 
air l>e vigorously excluded, silver may be boiled with a soln. of sodium sulphide 
without any blackening. A trace of oxygen or hydrogen peroxide causes an 
immediate blackening of the metal. A soln- of ammonium polysulphidfl acts on 
silver at ordinary temp., forming a bluish-grey Him, which deepens with a more 
} irol euged a etion, ulti in ately form i ng a cry stall i ne crust of silver s nip h ide. G* Strli ver 
lias studied the action of the heavy mftt&i sulphides on silver—hanerite, for example, 
forms a black layer of silver sulphide when placed in contact with the metal. 

Tbn so-called oxyihzvd silver is silver whoso surfuco has been rendered a lead-grey colour 
which in agreeably rtjlioved by deeper tintf* in l.ho depressed parUs. The term is a misnomer 
in that eulphur, nnt oxygen* is the agent involved in ite production. The effect is pro¬ 
duct'll by immersing the art id ns in u hot soln. containing alkali sulphide until they acquire 
a Biiflh icntly dark colour* They are afterwards brushed or wiped in the more prominent 
rmrts. 

The spitting of silver which has been precipitated by iron sulphate has been 
attributed to the evolution of sulphnf dioxide dissolved by the molten metal. 
W- Stahl 12 found that while sulphur dioxide is insoluble iu the molten metal, yet, 
as J. Uhl has shown, when metallic silver is heated with dry sulphur dioxide, silver 
sulphide and sulphate are formed: lAgA^SO^A^Oi-fAg^S; or, if oxygen 
be present: 4 Ag+ 2 S 02 -|- 30 a ^ 2 Ag 2 S 0 4 . Silver sulphate does not dissociate 
below 1080* so that when gently melted, the fused sulphate floats on the surface 
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os a slag. At higher temp,, the sulphate dissociates, yielding sulphur dioxide and 
oxygen: Ag 2 S0 4 ;=2Ag+S0 a -|-0 2l and it is this oxygen which dissolves in the 
silver and causes the spitting. 

Granulated silver dissolves readily in hot sulphuric acid with the evolution of 
sulphur dioxide —vide copper; 3Ag^iiH2SO 4 i=Ag 2 SO4-f-SO 2 +2H a 0 ( and the hot 
cone* acid can dissolve so much of the silver sulphate as to become a crystalline 
mass on cooling. The solvent action of sulphuric acid is utilized in the operation 
of parting gold from silver (g.u). G, Wetriar iS said that “ dil sulphuric arid, 
when left in contact for any length of time with powdcAd silver, does not dissolve 
a trace of the metal ” ; and, according to E. Pamiain, boiling sulphuric acid attacks 
pure silver only when the sp. gr, of the add is not less than 1710; a more dd. 
acid attacks silver only when the metal is impure; pure silver is insoluble in dil. 
sulphuric acid. & Hftrbeck found that silver, a a anode in a cell, dissolves in 
sulphuric add of sp. gt. over 1 53 in tho presence of iron, lead, tin, and copper* 
A, Vogel stated that lin-ely--divided silver dissolves in cone, sulphuric acid without 
the evolution of sulphur dioxide. M. C. Lea found that finely-divided silver dis¬ 
solves in sulphuric acid diluted with four or five times its volume of water. A, Vogel, 
A. Ditfee, and P, Braham have also studied the dissolution of silver in sulphuric 
acid* W. 8. Hendrixson (deserved that the continued action of the acid exerted 
no influence on the amount of silver dissolved, and ho was able to show that dil. 
sulphuric acid alone is incapable of dissolving finely-divided silver, and that the 
seeming solvent action is due to the oxygen of the air dissolved in the acid, to tho 
superficial oxidation of the silver, or to oxygen derived from some external source. 
According to E, Salkowsky, the solvent action of sulphuric acid on silver is facili¬ 
tated if hydrogen peroxide be mixed with the acid. 0. von der Pfordten reported 
that a soln, of potassium permanganate in dil, sulphuric acid dissolves silver in the 
presence of air; but C. Friedheim found the lust limitation is not necessary. 

J, Keir, in 1790, augmented the solvent action of sulphuric acid on silver by mixing 
it with one-tenth its weight of potassium nitrate, and he recommended this solvent 
for stripping silver from silver-plated articles. It scarcely affects copper, lead, or 
iron. Tho sulphuric acid, of course, liberates nitric acid from tho potassium nitrate 
so that tho effect is eq. to a mixture of sulphuric and nitric acids. R G. van Name 
and D. U, Hill found that when silver dissolves in a sob. of chromic acid con¬ 
taining sulphuric acid, the velocity of sob. depends on the physical state of tho 
metal, which indicates that the rate of dissolution of the metal is not entirely 
dependent on tho diffusion. The rates of dissolution of different metals tend to 
become more nearly equal as the cone, of the sulphuric acid increases, but with silver 
and cadmium the relative rates of dissolution diverge as the cone, of the sulphuric 
acid increases. R. Divers and T, Shimidzu found that finely-divided silver is 
rapidly dissolved by pjttHUlpliiiric acid without the evolution of a gas, and when 
the soln. is poured into water, silver sulphate and sulphur dioxide are formed. 
H. Marshall found silver to bo converted by persulphuric acid into a mixture of 
silver sulphate and peroxide* According to V. Leuher, silver is attacked by warm 
selenio add. According to H* B. North, sulphury! chloride, S0 a Cl 2 , does not act 
on silver at 300 c * 

G. Wetdar 14 ascertained that silver is slightly soluble, at ordinary temp., 
in an aq, soln* of ferric sulphate, and this the more when free sulphuric acid is 
present; and he added: "When the red soln. of ferric sulphate is heated, it 
dissolves silver and becomes green ferrous sulphate, but, on cooling, the salver ia 
deposited, and the soln. acquires its original colour.” The precipitation is never 
complete, and the more free acid the soln. contains, the more difficult the pre¬ 
cipitation of the silver by ferrous sulphate, and if sufficient free acid be present, 
no silver is precipitated, Dil. sulphuric acid does not dissolve silver, but if a drop 
of ferric sulphate be present, an appreciable amount of silver will be dissolved in 
the course of an hour. The explanation of G. Wetalar, 1823, reduces the process 
to a catalytic cycle: 
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Tho forrio sulphate imparts oxygen to the silver and « thereby induced to ferrous 
sulphate, but the latter immediately absorbs oxygen from tho air and is brought back to 
its original state of ferric sulphate ; and so these alternate reactions continue, the ferric 
sulphate acting as a vehicle for the transfer of oxygen from the air to tho silver whereby 
silver oxide is produced, which combines with tho sulphuric acid to form silver sulphate. 

A. Vogel also found silver to dissolve readily m a boiling boId. of ferric sulphate, 
even though the solo* l>e made as neutral as possible by the addition of hydrated 
ferric oxide* F. Wohler stated that a hot soin. of !errou& sulphate dissolves 
silver, which is subsequently precipitated as the soin, is cooled. Neither A. Vogel 
nor J, Perry could detect the least action when the metal is boilr^d with ft soin. of 
ferrous sulphate, but if a trace of ferric sulphate be present, botnc silver will be 
dissolved by the boiling aoln., and precipitated as metal when the soin. cools, 
M, (1 Is i a also found finely divided silver readily dissolves in a nolm of iron alum, 
i.e. ferric ammonium Sulphate* K. Hopfgartner found that there is a state of 
equilibrium in the soin. 2Ag^F^(S0 4 ) 3 ^Ag^S0 r f2FeS0^, or Ag-fFe'"^Ag* 
-f-Fe", such that J Ag r ]J Fe h_ |^-A r [hV" |, where the symbols in brackets represent 
cono. The value of K is 0 J (K*4, and it alters a little in soin. of different cone,, 
and when iron alum is used in place of ferric sulphate. The reaction has been studied 
hy V. Kohlschutter and E, Eydmann, and by A. A, Noyes and Jl, F. Braun, 
K, Hopfgartner also recommended the reduction of an acidulated soin, of a known 
amount of ferric ammonium sulphate by silver and subsequently titrating tho 
product with a soin, of potassium permanganate' to be standardized. H. N, Stokes 
reported that silver dissolves in a hot soin, of cupric sulphate, and is deposited as 
the soin. cools. 

According to E. C. Franklin and C r A, Kraus, silver is insoluble in liquid 
ammonia, JW. C, Left, 1 * and C. Malignon and G. De^plantes found that finely- 
divided reduced silver is slightly soluble in aq. ammonia if air or oxygen be present, 
hut if air or oxygen he excluded, it is probably insoluble. J, W, Turrcntine found 
that when a very dil. soin. of silver in hydrazoic add is electrolyzed with u silver 
anode, the anode efficiency exceeds 100 per cent, of the corrosion predicted hy 
Faraday’s law, and he explains the phenomenon by assuming that the motal dis¬ 
solve# or partially dissolves elcctrochemically at a valence lower than that usually 
ascribed to silver, forming compounds which are readily oxidized—he quotes the 
suhJialides and suboxide in support of silver with a valence lower than unity. The 
phenomenon only occurs with very dil. soId., and if the electrolyte is stirred, the 
metal becomes passive. 

The rejiorts of tho effects of nitrogen oxides on heated silver are not all con¬ 
sistent. According to W. Manchot, and A. Kurteriacker, nitrous Ofldcle and nitric 
OXide are not changed, and, according to P. Sabatier and J, B. Senderens, lfl silver 
is not attacked bv nitric oxide at any temp .; on the other hand, silver at a bright 
red heat dceomjioflos the oxide of nitrogen completely* according to F. Epstein 
and R. Doht, and E, Calberla, and incompletely, according to H, Hermann. 
0, Reboul found that. dil. nitrogen trioiidfc, N^Qj, attacks a piece of bent silver 
moat at the places of greatest curvature. W. Manchot found nitrogen tetroriftej 
NQ 2j does not attack silver at 240°, but at room temp, the metal ia coloured yellow* 
M. Oswald says that nitrogen tetroxide, reacts with silver, forming silver 

nitrate and nitric oxide. Liquid nitrogen tetroxido was found by E. Divers and 
T. Shimidzu to convert finely-divided silver into silver nitrate and nitric oxide, 
J. J, Sudl>orough says that nitrosyl chloride, NOd, produces on silver a tbin 
'superficial film of the chloride which protects the metal from further attack. 

According to J. J. Berzelius,^ when silver is suspended in pure nitric arid* 
and the liquid is viewed by transmitted light, the metal appears to dissolve without 
the evolution of gas, and the denser soin. of silver nitrate to fall in Btrina from the 
surface of the silver. The aoln, gradually acquires a greenish tinge, owing to the 
reduction of the nitric acid to nitrous acid; but as the liquid becomes warm, and 
occasionally quite abruptly, the evolution of gas begins. In his Recherthes sttr 
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l*adde nitriquet N. A. E. Hillon found that silver ia not attacked by nitric add of 
lower Bp. gr. than 1 405, whose composition is represented by 4HNG a +7H20, ao 
long as the temp, does not rise above 20°, and no soln. of silver nitrate is added. 
In pure cone, nitric acid, silver becomes coated with a grey or white film which 
protects the metal from further oxidisation. J. W. Russell also showed that 
silver does not react with dil. nitric acid, because, when hydrogen is passed through 
silver nitrate, metallic silver is precipitated and nitric aria is formed. The amount 
of hydrogen absorbed is in excess of that required by the replacement of silver by 
hydrogen: 2AgNOa+H 2 —2HNC^-h2Ag, because iwmb nitrous acid is simul¬ 
taneously formed: 2HNOa“f2H 2 ^2H^0’f2HNO 2 , and silwr rcdissolvcs, forming 
silver nitrite when the passage of hydrogen is stop^d. When silver dissolves in 
nitric acid, also, it docs so as silver nitrite, not nitrate. This explanation of the 
action of nitric acid on silver is practically the same as that given by N. A. E. Millon 
to the dissolution of copper in nitric acid. These observations, coupled with those 
of V. H. Yeley on the action of nitric acid on copper, show that the metal actively 
reacts with the acid only in the presence of nitrous acid, for the action of nitric 
acid on the metal is scarcely measurable unless, and until, a sensible quantity of 
nitrous acid is present. Silver cannot remain long in contact with nitric acid 
without reaction, but this is because the nitric acid is slowly dissociated into 
nitrons acid and oxygen, excepting perhaps when the add is highly diluted. In 
any case, nitric acid of moderate cone* cannot be kept free from nitrous acid, 
Hence, nitric acid is considered to be the most important solvent for silver anti, 
according to L. Marchlewsky, add below one per cent. HNQj attacks the finely- 
divided metal. Neither E. Divers nor C. Montemartini could detect any signs of 
the formation of ammonia or hydroxy lam ine, but only nitric acid and nitrous acid. 
G. 0, Higley and W. E. Davis used nitric acid varying from a sp. gr, 1'05 to I’40. 
Neither nitrogen nor nitrous oxide was produced in any of the experiments ; nitric 
peroxide is the principal reduction product with cone, acid, accounting for over 
70 per cent, of the metal dissolved ; the decrease of this gas and the complementary 
increase of nitric oxide as the acid is diluted is due to the. decomposition of the 
nitric peroxide into nitric acid and nitric oxide by water. 

According to V, H. Veley’s hypothesis, the metal dissolves in tins nitrous acid 
to form a nitrite and nitric oxide: Ag -fSHNO^■-AgNO 2 +N0H-lI s O; the 
nitrite is then decomporajd by the excess of nitric acid to reform nitrous acid: 
AgN0 2 4- HN~ HN0 2 -fAgN(^. The nitric oxide forme d by the reaction 
symbolized by the first of the equations reduces the nitric acid (or the nitrate) to 
produce a further quantity of nitrous acid : HN(^+2NO4-H a O---3HN0 4l When 
the cone, of nitrous acid has reached its equilibrium value, the reverse reaction 
occurs : 3HNO £ —HN 0 a 42 N 0 +K 2 0 , and nitric oxide is evolved from the liquid. 
E. Divers 1 hypothesis is that the silver reacts slowly with nitric arid, forming silver 
nitrite and nitrate : 2Ag4 2HN(^-H 2 04AgN0 2 4A£Ntk, and that the presence 
of nitrous acid catalyzes this reaction. The silver nitrite so formed reacts with 
the nitric acid to form nitrous acid: AgNOi-hHNOij-AgNOg-hllNOo, and the 
nitrous and nitric acids are consumed at the same rate by the reaction : IINQ 2 
+HNQj-(-2Ag^2AgN0 a 4H 2 O. In the former hypothesis silver nitrate is a 
secondary product of the reaction ; in the latter hypothesis, part of the silver nitrate 
is a primary product— ^vide action of nitric acid on copper. A soln. of cupric 
nitrate was found by M. 0. L«a to have no action on finely-divided silver. According 
to W, R. R Hodgkinson and A. H. Coote, molten ammonium nitrate acts on 
silver if it is strongly heated i aq. scln, acts very slightly or not at all W, R. E. Hodg¬ 
kinson also found aniline and fcoloidine nitrates behave like ammonium nitrate. 

In 1792, B. Pelletier 18 dropped phosphorus on silver heated to redness in a 
crucible, and found the metal instantly melted ; he continued adding phosphorus 
until he believed the silver to be sat. The molten moss had a tranquil surface, 
but, on cooling, much phosphorus was emitted, and the surface became ttwte 
mawel&tin& owing to the spitting of the silver as it rejected the phosphorus in soln. 
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It was estimated that the solid silver retained about 15 per cent, of phosphorus, 
and that it lost 10 per 'cent, in the act of solidification. J, Percy found a 
maximum of 0 293 per cent, to be retained by the solid metal. P. H&utafouille 
and A. Perrey, and H. N. Warren confirmed these observations in a general way, 
and A, Granger found that silver at 40G C absorbs phosphorus, which it rejects 
at about 500 5 , and takes up anew at 900°. Q. Emmerling, A. Granger, and 
A, Schrotter prepared silver phosphides—AgP, Ag 2 ? 3 , and AgP a —by the action 
oi phosphorus on the metal. A. Granger found that phosphorus trichloride Is 
attached by silver only at a high temp,; H. Goldschmidt, that phosphorus 
pentachloride reacts: 2Ag+PCl s =2AgCl4‘PCl 3 ; and B, Reinitzer and H. Gold¬ 
schmidt, that phogpboryl chloride reacts at 250°, forming phosphorus trichloride, 
pyraphosphoryl tetrachloride, P 2 QgCl ^; phosphorus pentoxide; silver chlorido, 
phosphate, and pyrophosphate. O, P, Wattaand N, J>. Whipple studied the action 
of phosphoric add on silver. J. J. Berzelius found that when ammonium sodium 
hydrophosphate, microcosmic salt, is fused with silver in an oxidizing dame, a 
yellow opalescent gloss is formed, 

T. Bergmann 18 found that silver takes up one-fourteenth of its weight of arsenic, 
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the formation of the antimonide, A&Sb; the eutectic at I83 e corresponds 
with nearly i£> per cent, of antimony. The areas boiinded by the liqiddus and 
solidus curves are shaded in the diagram, I refers to solid soln, of antimony in 
silver; and II of silver in antimony; white IJI refers to the antimonide, AggSb, 
G. Charpy studied the miorostructuro of the alloys ; E. Maey, the sp* gr.; 
N. A. Puachin, the electrochemical behaviour; E. Elsasaer, the electrical con¬ 
duct!vdt> r ; and W. Haken, the thermo-electric force* 

According to P. Berthier, 21 silver and bismuth easily fuse together, forming a 
brittle laminar alloy. A. Wright found homogeneous alloys can be obtained 
with all proportions of the two constituents. According to P. Berthier, silver is 
readily separated from the bismuth by cupellatiom R. Schneider remarked that 
when impure bismuth—containing sulphur, arsenic, iron, nickel, cobalt, and silver— 
is fused and poured upon a cold plate, the globules of metal which are thrown up 
during solidification contain at least 99'5 per cent, of bismuth ; and of the heavy 
metals, only silver remains in these globules, the copper remains with the mass* 

He suggests this property might he advan¬ 
tageously employed for a preliminary purifica¬ 
tion of bismuth. The fp. curves have been 
determined by G, I. Petrenko, and C. T. Hcycock 
and F. H. Neville, The curves are shown in 
Fig. 12. The curve is the simple V-type with 
a eutectic at 262° and 2'5 per cent, of silver. 
The sp. gr. of the alloys has been investigated 
by P. von Musehenbroek, A. Matthicsscn and 
M. Holzmann, and E, Maey ; the thermo-electric 
properties by A, PatelIi; and the e.m.f, by 
W. N, Lacey. The e.m.f. of the alloys is greater 
than that of bismuth; and the alloys arc all 
formed with the absorption of heat. According 
to C* M, Marx, an alloy of equal parts of the 
two elements does not expand on solidifying, 
but an expansion docs occur when the proportion of bismuth is double that of 
silver. According te H. Moissan, silver docs not alloy with vanadium* 

In 1835, J* L, Gay Lussac -- stated with respect to the action of carbon on silver : 

I have sought te dntefit thf* presence of morrcury m silver, by heating in ft small crucible 
in a muffle, a gram of it with lamp-black in {inter to avoid tho vaporisation tif the silver; 
but I have been detruived in my attempt; lifter heating the mixture for 4K mm*,, tha weight, 
of the silver had flonaibly increased in one experiment the exccou of weight had risen to 
more than a per cent, 

There are several possible explanations of the increase in weight—thr 
increase may have been due to the sulphur not uncommonly present in the lamp¬ 
black of commerce* J* Percy has shown that there is, indeed, not the least ground 
for here suspecting that silver can take up the smallest quantity of carbon under 
f the circumstances, 0. Ruff and B. Borgdahl found that molten silver dissolves a 
little carbon. M. Berthelot, and B. Reinitrer and H. Goldschmidt could detect 
very little evidence of a reaction between silver and carbon monoxide; when 
heated in a sealed tube, carbon monoxide was found by M. Tterthclot to begin to 
react at 300°, some carbon is formed, and carbon dioxide is produced, M. Berthelot 
did not find any signs of the combination of cyanogen with silver at any observed 
temp. Fot the solvent action of soln. of the alkali cyanides on silver, vide gold. 
In conformity with others' observation*, A, Brocket and J. Petit found silver is 
attacked by potassium cyanide soln. in the presence of aii. According to A, Hubert, 
the organic acids, in general, have no action on silver, and, in accord with this, , 
M. C* Lea found that acetic add does not act on finely-divided silver, hut if hydrogen 
peroxide be also present, E, Salkowsky found that the metal is attacked by the 
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acid, 0. P. Watts and N. D. Whipple also studied the action of acetic add on 
silver. Silver was found by M. le Blanc and E. Plaschke* 81 and 8, Foden to be rtot 
so active a catalytic agent as copper in the oxidation of* say* methyl alcohol vapour 
to formaldehyde. Silver is used with hydrogen for the reduction of nitra-oom- 
pounds to the amines; and for the decMorinization of certain organic compounds. 

J. J r Berzelius stated that it is easy for a small proportion of Silicon to unite 
with silver* when heated strongly in a crucible ; and when the malleable button of 
alloy is digested with nitric acid, the silver dissolves leaving a residue of silica. 
J, Percy and C. Winkler did obtain a grey, brittle alloy, tho former by fusing silver 
with sodium and potassium fluosil(cates, and the latter by fusing a mixture of 
silica and silver under cryolite. H. Moissan found silicon readily dissolves in fused 
silver, and a part separates out in a crystalline state before freezing—vida silicon. 
H. Moissan and F. Siemens measured the solubility of silicon in silver at different 
temp. The results of G. Airivaut’s thermal study 
of tho silicon-silver alloys is shown in Fig. 13. 

There are no compounds hero revealed, and this 
agrees with J. Percy’s observations. H. N. Warren, 
and Ch J. L, do Chalmot alloyed the two elements, 
and F. Wohler thought a compound was precipi¬ 
tated along with silver when silicon hydride is 
passed into a soln. of silver nitrate, E. Vigouroux 
noticed that when pulverulent silver is heated in 
the vapour of silicon tetrachloride* silver chloride is 
formed* but the silicon does not unite with the silver, 

H. Moissan found that when silver is fused at the 
high temp, of an electric furnace it dissolves boron ; 
and also boron carbide which separates in cryst als as the soln, cools. J. J, Berzelius 
Buys that a borax bead with a silver salt in an oxidizing flame becomes opalescent 
or milk-colour, and in the reducing Name, grey owing to the reduction of the silver. 
According to V. Kohlschutter, when the l>orA\ bead is heated and removed from the 
flame, it is at first clear, the characteristic adoration appearing suddenly during the 
cooling. J. Honan, however, obtained borax bend coloured yellow by dissolved silver. 
It is well known, too, that certain compounds of Bihar impart a yellow colour to 
glass when the two arc heated in contact. It. Wynn and others have studied the 
coloration of glass by silver. According to E. Warburg's theory, the quantity of 
silver which diffuses in glass is proportional to the product of the mj, root of the 
time, tho conductivity of the glass and the absolute temp, G. Schulze found 
this applied with molten silver chloride or bromide. J. S. Stas thought a yellow 
silver silicate was formed, but, as J. C. M. Garnett showed, tho coloration is more 
probably due to the diffusion of extremely finely-divided metallic silver in tho glass* 
just os tho ruby-red colour of glass is due to finely divided gold* and red colour of 
the Chinese rouge flambe glazes is probably due to finely-divided copper-^rarfe 
colloidal copper* silver, and gold. The adsorption of silver ions from anln. of 
silver sulphate or nitrate by silver has been studied by H. von Euier. 

According to M. & Lea** 4 silver dissolves but slowly in a dil soln. of potassium 
permanganate. W. Foster, and H. B. Giles have shown that a neutral soln. of 
potassium permanganate is reduced by silver. R> Kremnnn and F. Noas found a 
soln. of chromic nitrate, Cr(N0 3 )^ dissolves silver in the cell Ag;Cr(N(^) 3 |C* and 
this the more the higher the temp.; as the noIn. approaches saturation* some 
nitrogen oxides are given off. According to J. M, Eder, a cold eoln. of potassium 
terricyanide forms silver and potassium ferricyanide when treated with silver; 
G> McP, Smith found that a boiling soln. gives a dark green precipitate, and some 
of the silver forms the double cyanide, KAgCy s . 0. Ruff and A. Beinzelmann 
found warm silver is slightly attacked by uranium hexafluoride, UFg; and 0, Huff 
and F, W + Tschirch* that osmium octofluoffide* OsU 0J forms silver fluoride* osmium* 
and a lower osmium fluoride. Silver readily alloys with themetftlg, and tbs silver 
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alloys arc discussed along with those of copper and gold. The alkali hydroxides 
can bo fused in silver crucibles. According to W. Dittmar and D. Prentice, 26 the 
attack is more vigorous if the fusion be made in air than if air is excluded; and more 
vigorous with potassium hydroxide than with sodium hydroxide, W, L. Dudley 
found that molten sodium peroxide also rapidly attacks silver, and the grey product 
contains monoclinic prismatic crystals; it appears to be a mixture of silver with 
about 25 per cent, of silver oxide. N. N. Bekotoff also found that a black body, 
thought to be potassium argentate, KOAg, is formed when potassium tetroxide is 
fused on a silver crucible. It is probably a mixture of silver and silver oxide. 
Silver is also stated to be less attacked than platinum when fused with potassium 
nitrate or hydroxide in air. A. Chodnew found that potassium hydroxide is 
coloured yellow when heated 10 mins, in a silver crucible, and when extracted with 
water there remains a black mixture of silver and silver oxide. 0, P. Watts and 
N. D, Whipple studied the action of soln. of sodium hydroxide and of various 
salts on silver. 

W, A. Lampadius heated a mixture of equal parts of silver and barium 
Glide with 10 per cent, of carbon and obtained a metal which disintegrated in air to 
silver and barium oxide. According to C. E. Wait, if silver be mixed with manga¬ 
nese, barium, or lead dioxide, or lead monoxide, and heated in an oxidizing 
atm L in a muftis, up to about 36 per cent, of the silver is oxidized to AgjjO ; on the 
other hand, no oxidation occurs with bismuth, zinc, calcium, or cupric oxides. 

Reactions of analytical interest —An aq. soln. of silver nitrate is {?.#,) generally 
taken to represent the behaviour of soln. of silver salts. This soln, gives a brown 
precipitate of silver oxide, Ag 2 Q, when treated with potassium hydroxide. The 
same result is obtained with sodium hydroxide. The precipitate is insoluble in 
excess of the precipitant, but is readily soluble in nitric acid and in aq. ammonia. 
If a dil. soln. of silver nitrate contains dextrine, gum arable, cane sugar, starch, or 
the like, the brown oxide remains in suspension so that the intensity of the colora¬ 
tion is proportional to the amount of silver in soln. Hence, G. 8. Whitby utilized 
the reaction for the colorimetric determination of the metal. The colour is so 
sensitive that in 50 c.c. of soln. one part of silver can be detected in 25,^)0,000 
parts of soln. T. G. Wormley detected one part of silver in 125,000 of liquid by 
the sodium hydroxide reaction, and F. Jackson, 1 in 8000. P. Jolibois, B. Bossuet, 
aud M. Cheviy found that with a mixed soln. of copper and silver nitrates, sodium 
hydroxide first precipitates the whole of the copper as cupric hydroxide before any 
of the silver is precipitated as silver hydroxide. 

When aq, ammonia is gradually added drop by drop to a neutral soln, of silver 
nitrate, the first few drops give a white precipitate, which quickly changes to the 
brown oxide, Ag s O. Most of the silver, however, remains in the soln. as silver 
ammino-nitrate, Ag(NH 3 ) s NG 3 , and the oxide is itself dissolved as silver ammino- 
hydroxidc, Ag(N0^j B 0H, by an excess of ammonia. According to F. Jackson, the 
ammonia reaction will detect one part of silver in 800 of liquid. White silver 
carbonate is precipitated when sodium carbonate is added to a soln, of a silver 
salt, the precipitate becomes yellow if boiled with the mother liquid, owing to a 
slight decomposition of the carbonate into oxide: AgjC0^->Ag a O+CO 2 . F. Jackson 
found the reaction to be sensitive to one part of silver in 32,000 of liquid. The 
same precipitate is produced with ammonium carbonate* but it is soluble in excess 
of the precipitant. Hydrochloric add or aq. soln. of the chlorides precipitate 
silver chloride from aq. soln. of the silver salts—excepting the thiosulphate. The 
precipitate is curdy from cone, soln,, but from very dii. soln. it shows itself as a 
white or bluish-white opalescence. According to G. J. Mulder, the opalescence 
appears with one part of silver in 1,000,000 parts of liquid; P, Harting gives 1 in 
378,000; C. H. Pfaff gives 1 in 189,000; and F. Jackson, 1 in 64,000 when hydro¬ 
chloric acid of sp. gr. 1035 is used for the test, and 1 in 32,000 when a soln. of 
sodium chloride (120) is employed. According to J. L, Lassaigne, a soln, con* 
taming one of one part of silver in 200,000 parts o£ liquid gives a very slight turbidity 
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with hydrochloric acid or sodium chloride ; with one in 400,000 coin, the opalescence 
is scarcely perceptible ; and with, one in 000,000 the opalescence appears in about 
15 mins. The precipitated chloride is almost insoluble in nitric acid ; it is slightly 
soluble in hydrochloric acid or in soin. of the alkali chlorides ; it is readily soluble 
in aq. ammonia, and the chloride is re-precipitated when the ammoniacal snln, is 
neutralized with acid ; it is readily soluble in a sob. of potassium cyanide ; arid, 
in the absence of an acid, it is readily soluble in a soin. of sodium thiosulphate, and 
the soin, when boiled does not precipitate silver sulphide. Potassium iodide gives 
a yellow curdy precipitate of silver iodide which is but sparingly soluble in ammonia, 
but readily soluble in soin. of potassium cyanide or sodium thiosulphate. According 
to F. Harting, one part of silver can be detected by the potassium iodide reaction 
in 47,250 parts of liquid, and F. Jackson gives one in 8000. J. S. Stas detected 
one part of silver as bromide when in 5 , 000,000 parts of water; and by suitably 
arranging the light, T, W, Richards detected one part of silver chloride in 30,000,000 
parts of water, W. Bbfctgcr detected 0 00012 mgrm. of silver as chloride; and 
H. Behrens, 01)001 mgrm. The solubilities of silver bromide, and iodide are 
respectively 0 3Xl 0 " fl , and r5xl0 _s grm. per litre; and the sensitivenesses are 
respectively O'JxlG -0 , and 0'34xl0 -fl . W. Eiltz detected 0 0042 mgrm, of silver 
ultramicroBCopiooliy as chloride, and 0'0003b mgrm. as bromide. M. Gorsky 
obtained the Tyndall effect with 0'(KJ02 mgrm. of silver bromide using an 04 . of 
potassium bromide, and 0*00014 mgrm, with an excess of that salt; with O’OOOl 
mgrm. of silver iodide using an 04 , of potassium iodide ; and 0 00007 mgrm. with 
an excess of that Salt. 

The precipitation of grey metallic silver by boiling a mixed soin. of fettOUB 
sulphate and silver nitrate has already been discussed ; bo also has the precipita¬ 
tion of silver from neutral soin, by means of zinc. Neutral, acid, or ammcmiacal 
soin, of silver salts give a precipitate of black silver sulphide when treated with 
hydrogen sulphide. According to F, Jackson, the reaction is sensitive to one 
part of silver in 04,01X1 of soin. The precipitate is insoluble in aq. ammonia, alkali 
sulphides, or dil potassium cyanide soin., but it is appreciably soluble in a cone, 
soin, of potassium cyanide, so that if a considerable amount of the last-named salt 
bo present, hydrogen sulphide may give no precipitate at first, but with an excess 
of hydrogen sulphide a precipitate of silver sulphide is gradually formed, Black 
silver sulphide is readily soluble in a hot dil. soin. of nitric add with the separation 
of sulphur, and the formation of silver nitrate* A reddish-brown precipitate of 
silver dichromate is obtained by adding a soin, of potassium dichromate to one 
of silver nitrate. The precipitate is soluble in ammonia ; the same remarks apply 
to the brownish-red precipitate of silver chromate which is formed by adding a 
soin. of potassium chromate to one of silver nitrate. According to F. Jackson, 
this reaction is sensitive to one part of silver in 8000 parte of soin. Neutral soin. of 
silver salts give a yellow precipitate of silver phosphate when treated with sodium 
phosphate : 3 AgNQ s -k 2 Na 2 HP 04 = 3 NaNQ a +NaH 2 P 0 4 +Ag 8 P 0 4 . F. Jackson 
says the reaction is sensitive to one part of silver in 8000 of liquid. The precipitate 
is soluble in nitric acid and aq. ammonia. The phosphate ts reprecipitated if thp 
ammoniacal sob. be neutralized with acid. Potassium oisanite gives an egg- 
yellow precipitate, which P, Hartiag found to be perceptible with one part of 
silver in 6000 parts of liquid, and to reach its limits with 1 in 20 , 000 . Oxalic 
add precipitates a white pulverulent silver oxalate; potassium thiocyanate* 
white silver thiocyanate; potassium ferrocyanide* white silver ferrocyanide; 
potassium fwricyanide, reddish-brown silver ferricyanide; and potassium iodate 
or potassium bromate, respectively white silver iodate or bromate. Hydro¬ 
cyanic add or potassium cyanide precipitates white silver cyanide which is curdy 
in cone, sob,, 0 . W. Scheele, its discoverer, said that it had the consistency of 
cheese; it dissolves in an excess of potassium cyanide. 

The uses oi dim, —The word silver not only refers to the pure unalloyed 
metal, but to the alloy of silver with one-half, one-third, or other proportional 
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parts of copper,* 7 The term silver btdUon is applied to ingots and bare generally 
to silver in bulk, as distinguished from silver coin or plate. Silver with appreciable 
amounts of gold is called dore silver, The so-called refined silver usually contains 
from 99 J 75 to 99'9 per cent, of silver. Silver of a still higher degree of purity is 
called fine silver, Gold and silver are much used for ornaments, jewellery, coinage, 
etc. Pine silver is too soft to be sufficiently durable for coinage, and many other 
purposes ; the pure metal is therefore alloyed with other hardening metals—usually 
copper. .British coinage is very nearly 925 fine and contains 92 5 per cent, of 
silver, and 7'5 per cent, of another metal which is nearly always copper. This is 
the standard silver or sterling silver required by law for coinage and silver plate, ho 
that sterling silver is 925 fine. Thin peculiar standard originated with the particular 
system of weights in use iu the sixteenth century, From very early times, the 
fineness of silver coinage has been measured in terms of the division of the troy 
pound: 
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Consequently the so-calicd standard of sterling silver is II q?&. 2 dwta. or 5328 
grains of silver, and 18 dwts, or 432 grains of the other metal. The English term 
standard is equivalent to the French titre, excepting that in France the unit of 
weight is the kgnn. or 1000 grins. British coin in France thus has the tit-re or 
standard 925. The chemist regards standard silver as an alloy of silver and copper ; 
the bullion-dealer or assaycr says that it is silvrr containing 13 dwta. of alley pur 
lb. troy. There are thus two meanings bo the word alloy. The term btm met til 
is also used synonymously with alloy when used in the last-named sense. S, Johnson, 
in his Dictionary afthe English Languttfjc (Loudon, 1805), said that “ alloy or allay 
is derived by some from d la hi, according to law ; by others from allier, to unite ; 
perhaps from atlocare, to put together.” 

Standard silver 925 line wau established for Erittah silver coinage in the reign of Henry II., 
and it has SO remained for 090 yearn, excepting a jjcriocl of 29 yearn from the end of the 
reign of Henry Vll [. to the beginning of the reign of Elmffieth— when it was more or 
less debased. In tho early accounts the standard of fineness eh spoken of as the IL old 
standard of England ’* or tho " Easterling nJJay.* 1 The inhabitants of Ifrtstciii ttarmmiy 
in the twelfth and thirteenth centuries wore called EnaLurliogs, and their money was famous 
for its purity, and Henry it. imjKirted some Easterling comers to improve the quality of 
the debased British currency. Hence* said J. Stow,* 6 " The money of England was called 
of tho workers thereof, and so the Eunfeeling pence took their name of the Easterlings, 
which did first make this money in England in tho reign of Homy II." Ifenoo otoah the 
term sterling applied to tho gold and silver. 

A second legal standard introduced in 1696 allows 11 ozs. 10 dwts. of silver pur 
pound troy, or 958 3 j>er thousand, but the alloy is seldom used because it is so much 
softer than starling silver. It is known as Britannia silver because that stamped 
at Birmingham and Sheffield had a stamp with the figure of a woman commonly 
known as Britannia, instead of the lion passant stamp used for starling silver. The 
same alloy stamped elsewhere had a stamp with a lion’s head erased (t.c. without 
the body). The stamp includes also the initials of the maker j the heraldic repre¬ 
sentation of the assay office, and the year of assay by a letter which Is changed 
every year. The payment of duty is represented by the Sovereign’s head. 2 ® Most 
other countries use silver 900-fine for coinage, and foreign plate is usually 800 to 
950 fine. The American dollar has 90 per cent, of silver. According to 
L. J. Chaudet, 30 the silver coin of France has 97 to 103 parts of copper in 1000 parts. 
Tho composition of tho coins of the world is discussed in J. C. Nulkenbrecher’s 
AUgemeines Tttschenhuch (Berlin, 1858). J. A. Phillips found 5 to 8 per cent, of 
silver in some old Roman coins dated Claudius Sothicus, a.d. 268; and another 
Tacitus, a.d. 275. Silver ornaments made from standard silver can be heated in 
air to oxidize the copper near tho surface of the metaJ, the resulting copper oxide 
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is removed by digestion with sulphuric* acid leaving a superficial layer of silver. 
The effect so produced is called /rested w/wr. 

Objects made of base metals or their alloys—copper, brass, German silver, etc. 
—can be silvered or gilded to give them the appearance of having been niade of 
the more precious metal. If the coating of precious metal be thin, they arc said to 
bo silvered or gilded ; and if thick, gold-plafai or silvrr-pkited. Many small articles 
can bo silvered directly by a simple immersion in a warm soln, of silver chloride in 
sodium sulphite, sodium thiosulphate, cream of tartar, etc. Glass can be silvered 
by precipitating the silver while the vessel is immersed in an alkaline soln, of silver 
in the presence of a suitable reducing agent—milk-sugar, 1 * 1 formaldehyde, otc. 

V, Kohlschiittcr and T. Toropoff :|2 obtained hhick silver by the action of organic 
reducing agents on silver soln., by the action of zinc, copjjer, and cadmium on dil, 
soln. of silver salts ; and electrolytically fmm dil. soln. by the use of comparatively 
high current densities. Black silver is considered to be silver in a condition between 
the colloidal and the crystalline states, for it appears crystalline microscopically, 
but it behaves as a colloid towards electrolytes. Black silver cannot be preserved, 
for it speedily changes into grey or white crystalline silver. If the current be 
stopped during ita preparation by electrolysis, it. begins to p-iss over into grey 
crystalline silver, as evidenced by the change in colour, and the apparent shrinkage 
of tho mass. However, no real volume change occurs in the passage from coherent 
massive silver, to silver black, and then to grey crystalline silver. The formation of 
black silver is attributed to the lack of crystal centres, so that each discharged ion 
finds itself more or less isolated, and consequently deposits as such, and docs not 
attach itself to a cryntal centre with the formation of the grey, crystalline silver, 
Tim sudden change to grey silver on breaking the current is explained as an 
electro-surface tension phenomenon, Tho black silver with very largo surface 
takes up the form of smallest surface on stopping the current, but while the current 
is flowing and it is negatively polarized the electrostatic repulsions of the charged 
particles overcome the tendency to a surface diminution. 

The silvering of glass mirrors*— Add lunnigmu drop by drop to n beaker containing 
ti solo, of 5 ^rim. of silver nitrate in 1) c.c. of distilled water until llie precipitate just re- 
diHKoIvCb ; imike the sein. up to 125 ex, with distilled water ; pour this soln. into a beaker 
containing :1 c.c. of n 4 per cent. eoln. of formalin ; and at once pour tho mixture into a 
dmh eonlEiimng tho to bo shvonedj and ro^k tho dish up arid flown for about two 

niiiiute.H, when the sulvering should be complete. If a muddy depOHit \n formed, insufficient 
foriindm Inis born added ; and if tho process t!ike_n place too quickly. Loo much formalin 
was lined, ft is of tin) greatest importance that tho glass 1o bo silvered he ncxnpulmisly 
t'litttm-d, wiy, by jitifcmy it firab with a sulphuric acid soln. of potassium bichromate, then 
wjMl water under a Lap. mid then with distilled wtUer. IVy the by nibbing it with 
a i-Ioeui linen eloOi, and fkinlly iub it with a little absolute alcohol, and soft linen handkeiv 
chief, The ajlvei'ed mirror is rinsetl with tap water, and then with distilled water. When 
dry, polish the mfriior with a lilllu of finest rouge on a very 00 ft chamois loathnr pad. 

According to V. Kobbchutter, tlu: film on silvered mirrors is colloidal and 
amorphous, and it gradually pauses into normal silver, L* Ham burger haa utudied 
tho properties of thin metal films deposited under different conditions. V. Knlil- 
schiittcr and co-workers have also studied the effect of various conditions on the 
form of precipitated silver, A. Silvermann and It. M. Howe studied the conditions 
for the production of silver mirrors. 

In silver plating a plate of silver is laid on the smooth dean surface of a copper 
ingot, and the two metals are bound together with wire. A sat, soln. of borax is 
painted round the edges so that when the compounded metals arc heated the borax 
will mdt, and prevent access of air to the surface of the copper, since a film of 
copper oxide between the silver and the copper would prevent their adhesion* The 
two metals are sweated together by hammering or rolling just below the m,p, of 
silver. Tho com pound mass is finely rolled until it has the desired thickness. 33 

plating is done in a similar manner. The electroplating vf silver was discovered 
in 1&40 by J. Wright, 0. W. Barret^ and A, Parkes— vide copper. J, Wright soon 
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afterwards developed & process in which & aolu. of silver cy&nido in potassium 
cyanide was used as electrolyte; and he obtained ft thick coherent deposit of 
silver* This process waa patented by G. R. and H. W, Elkjngton, To make the 
cyanide electrolyte : dissolve 1075 grins. of silver nitrate in water, and carefully 
add a soln, of potassium cyanide so bag as a precipitate forma—avoid an excess 
of the cyanide sola. Wash the precipitate by decantation, and add enough 
potassium cyanide soln. to dissolve the precipitate] and dilute the soln. to 500 e.c. 
The object to he silvered is connected with the cathode^and a silver plate ia used 
as anode. For rfectTopktlitig gold a similar process is employed, substituting gold 
in place of silver. 
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5 8* The Atomic Weight and Valency o! Silver 

According to H. E, Roacoc aud A. Harden, 1 in a notebook dated March, 1804, 
J. Dalton wrote 150 for the at, wt. of silver when that of oxygen is 5'5, and, later, 
i Q hia A New fiystem of Chemical Philosophy (Manchester, 2. 362, 1810), ho gave 100 
for the at. wt. if oxygen be 7 j if oxygen be 10 f Dalton’s number becomes virtually 
228. In ltSl7 p J. J. G. Moinecke estimated the at, wt. to be 108 ; and in 1826, 
L, Gmolin estimated the eq. wt. to have the same numerical value, J. J. Berzelius 
first adopted a value approximately four times that employed to-day, and later 
used halt his former value, by making the at, wt. of silver 215 94 or 2x107*97— 
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with oxygon 10. Assuming as is done to-day that the at. wt. of silver approximates 
to 108, silver is univalent in the halides; possibly bivalent in the peroxide, Ag a 0 2j 
or AgO; and possibly tervalent in the j>erhalides p Ag^. The at. wt. approximating 
I08j is in harmony with Avogadro’s hypothesis ; with Dulong and Petit*s rule; 
with Mitscherljeh's rule; and with MendeleefPs periodic law— vide copper. 

~ von Wartenberg found the mol. wt. of silver vapour, calculated from vapour 
density determinations, to be between 107 and 111. The highest value obtained 
was 145. This leaves little room for doubting that t£e mol. of silver vapour is 
monatomic. J, Wislioanus showed that white silver generally behaves as a univalent 
element, the alleged existence of the suboxide and of the subsalts of this element 
shows that there is a possibility that silver may act as a bivalent element. M, Traube 
assumed that silver is bivalent, and wrote silver chloride, Cl.Ag.AgXfl, i.e. Ag 2 Cla* 
G. A. Barbieri supposed silver to be bivalent in the pernitrate, and in the pyridine 
complex with silver persulphate, Ag8 2 O B ,40 6 K 6 N, as well as in the mixed crystals 
of this salt with cupric persulphate. R. Luther and F. Pokomy, and G. A. Barbieri, 
assumed that silver may also exist as a tervalent element, for example, iu the 
sasquioxide, Ag^, and that it is bivalent in the dioxide, Ag 2 0 2 . E, Bose and 
K. Jellineh also believe in the existence of a bivalent silver. 

A number of ratios involving various salts containing silver, chlorine, bromine, 
iodine, sodium, or potassium have been employed to furnish fundamental values 
for the at. wt. of these elements. The at. wt. of oxygen arbitrarily selected as 10 is 
the primary standard for tho modem table of at. wt., and the relation of the at. wt, 
of silver to that of oxygen is one of tho most important of the secondary standards, 
since only a few at. wt. can be conveniently related directly with the at. wt, of 
oxygen, while many are related with that of silver either directly, or through 
silver with that of chlorine, bromine, or iodine. Consequently, the determination 
of tho at. wt. of silver is of special importance. The at. wt. of silver is nob con¬ 
veniently determined directly from the Ag: 0 ratio in silver oxide, A lass direct 
relation between silver and oxygen is obtained by the analysis of the chlorates, 
bromates, and iodates, for the ratio KX: 30, and when the ratio Ag: EX is known, 
there follows Ag: 30. The transformation of, say, potassium chlorate into chloride 
is susceptible to so many sources of error, that it was a long time before the reaction 
could bo manipulated to furnish values of an acceptable degree of precision. Better" 
results have been obtained by the synthesis of silver nitrate from silver for the 
ratio: Ag: NQa, since the relation of nitrogen to the primary standard, oxygea, 
has been directly determined with a high degree of precision. The subject has been 
discussed by L + MeyerandK.Seubort, F* W. Clarke, J, D. vander Plants, B. Braunor, 
etc, P + A, Guye, and G. P. Baxter and L. W. Parsons have discussed the effect 
of errors due to the presence of occluded gases and an adherent pellicle of moisture 
on the at, wt. of silver; G + P* Baxter (focussed the effect of solid impurities on 
the at. wt. determination. 

Determination of the silver nitrate ratio.— F, Penny dissolved silver in nitric 
acid, evaporated the solm to dryness, and weighed the product. He found for the 
ratio Ag : AgNQ 5 =100:157 4417; J, 0. G. <£ Marignac obtained 100:157 4236; 
J, S. Stas obtained in three series of experiments numbers ranging from 100:157474 
to 100 :157486 ; and T, W. Richards and 0, S, ForbeH, 100 ; 157 4711. E. Turner 
and F. Penny measured the ratio AgNOg: AgO, and tho former found 100: 84 + 373, 
and the latter 100 : 64'3744. J. C. G* de Maiignac found the ratio AgN(^: KC1 to 
be 100:43'658; and J, S, Stas, between 100:43 8697 and 100:43-8823. 

The determination of the silver halide ratio.— Analyses of silver chloride were 
made by C. F. Wenzel, C. F, Bucholz, EL Davy, etc. Between 1811 and 1820, 
J t J, Berzelius synthesized silver chloride by dissolving silver in nitric acid, 
and precipitating silver chloride from the soln.; he obtained 837 per cent, of 
silver oxide and 187 per cent, of hydrochloric acid; and later gfo'9034 and* 
19'0966, From his data involving two syntheses of silver chloride he got Ag: Cl 
=5100:32 757 ; R. Turner repeated Berzelius’ work and obtained 100 : 32*832; 
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R Fenny, 100 * 32'8363 ; and J. C, G, de Marignac, 100 :32’839. In these experi¬ 
ments silver chloride was synthesized ; L* Maumene (1846) reduced silver chloride 
in hydrogen and obtained the ratio 100: 32 7304* J, B, A- Dumas synthesized 
silver chloride and found 100 : 32 8755 ; and J. S. Stas synthesized silver chloride 
directly by heating silver in chlorine ; by passing hydrogen chloride into a soln, of 
silver nitrate ; and by adding hydrochloric acid to a soln* of silver nitrate he found 
100:32 8445. T. W* Richards and R. C. Wells found J* S. Stas’ result to be 
affected by errors due to the occlusion of oxygen and possibly also alkalies; and 
tliey found that glass vessels were attacked hy the solii, and changed in weight by 
the acids used in the operations. Hence, T. W. Richards and It, 0* Wells worked 
in porcelain and quartz vessels, and, eliminating the occlusion error*, found the 
ratio Ag : Cl^lOO: 32-8668. 

The earlier analyses of silver bromide by A. J. Balard, J. von Leihig, 
J, J. Berzelius, and C* Lifwjg were made on preparations contaminated with 
chlorine; and W. Wallace's specimens were contaminated with arsenic. 
J, C. G* de Mariguac purified his bromine free from chlorine, precipitated silver 
bromide from a soln* of silver nitrate by potassium bromide, anti obtained for the 
ratio Ag : Br= 10 Q: 74 077 ; J* S. Stas precipitated silver bromide from a aoln, 
of the sulpha to and of the nitrate by hydro bromic acid. Ho obtained the ratio 
100 : 74 084 ; O. W. Huntington analyzed silver bromide and found 100 : 74 071 ; 
T, W. Richards synthesized silver bromide and found 100:74*0(15; G, P. Baxter 
precipitated silver bromide from the nitrate with ammonium bromide, anti fused 
the product in bromine vapour; he found for the ratio Ag : Br, 100 :740786* 
B. Brauncr showed that some of J. S. Stas’ processes resulted in his samples being 
contaminated with bromoform ; this made his results a little ton high, 

J. G G* do Marignac precipitated silver iodide from a soln. of silver nitrate by 
means of potassium iodide and obtained for the ratio Ag : J, 100 :117 5335 ; 
J. S. Ht&fl precipitated the iodide with hydriodie acid, and synthesized silver 
iodide from known weights of iodine and silver; he obtained 100: 1I7'5344. 
J. C, G. de Marignac’s and J. S. Stas’ values of this ratio were baaed on a value for 
iodine which A, Ladcnburg showed was about one-tenth of a unit ton low; and 
he obtained for the ratio Ag : I—100 :117*552. A* Scott also obtained llX): 117 6431 
(vacuum weighings), P. Kothner and E* Aeuer avoided the error due to the occlu¬ 
sion of silver nitrate by silver iodide, when precipitated by adding hydriodic acid to 
a sola, of the nitrate; they also synthesized the iodide by the action of iodine 
vapour on silver. The mean of the two sets is Ag : 1 =100 :117 6413* G* P* Baxter 
precipitated silver iodide, from a eoln. of the metal in nitric acid, by means of 
ammonium iodide in the presence of an excess of ammonia ; he found values for 
the ratio Ag: I varying from 100:117 6314 to 100:1176&85, G. Gallo obtained 
for this ratio 100 :117*5770. 

J. C. G, de Marignac measured the ratio Ag : KOI and found 100 : 69*062 (weigh¬ 
ings in air). Between 1860 and 1882, J. S. Stas also mode many series of deter¬ 
minations of this magnitude, and his values ranged from 100: 69*1033 to 100:69*1230. 
T, W, Richards and E, H, Archibald found 100:691136; E. H, Archibald, 
100:69*114; and T* W* Richards and A. Staehler, 100 : 69*1073. J,C.G,deMar^ 
nac found the ratio Ag: KBr to be 100:110*343; and Ag: Kl, 100:153*6994. 
J. S. Stas found for Ag: KBr, 100:110*3463; G* Dean, 100:110*313; and 
T. W. Richards and E* Mueller, 100 :110 3190. 

T. J* Pelouze found for the ratio AgiNaCl, 100:54 141; J* B, A. Dumas, 
100:54172 ; J, % Stas, 100:54*2078 and 100 : 54*20625; and T. W. Richards 
and R, C. Wells, 100 : 541854. J* S, Stas also found for the ratio Ag: NaBr, 
100:95*4383 (p 100:95 4426; and with a correction for the presence of silica in 
the alkali bromide, 100:96 4376. 

The methods employed for determining the ratios Ag : NH 4 CI and Ag: NH^Br 
ore similar to those employed for the corresponding ratio with sodium and potassium 
halides. J. T* Pelouze found for Ag: HH*C1,100; 49*5365 ; J. C. G. de Marignac, 
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100; 49-623; and A. Scott, 100:37‘3234; J. S. Stas’ values ranged from 100:49 689 
to 100 : 49-697. For the ratio NH^Cl: AgCl, T. W. Richards, P. Kothner, and 
E. Tiede found 100:37-3217 0; and A. Scott, 100:37 3218. For the ratio Ag: NHjBr, 
J. S. Stas obtained 100 : 90'8297 ; and A. Scott, 100:90*7944. j. J. Berzelius 
obtained for ths ratio Ag: KC1,100:61 997; J. C. G. de Marignac, 100:62 011; 

L. Maumeme, 100:61*878; T. W. Richards, and B. H. Archibald, 100:52*0215; 
A. Thiel, 100 : 61*999; E. H. Archibald, 100:52*024; and T. IV. Richards and 
A. Staehler, 100: 52*0118. V. Rose first determined the ratio AgCl: NaCl, and 
J. J. Berzelius found Ag: NaCl=100 ; 40*883; Vl. Ramsay and E. Aston, 
100:40-867 ; and T. W. Richards and R. C. Wells, 100 : 40 7797. 

J. B, A. Dumas determined the ratio AgCliAgBr to be 100:131*030, while 
Q, P. Baxter found 100:131*0173. Similarly J. J. Berzelius found for ths ratio 
AgCl: Agl, 100:163*326; J. B. A. Dumas, 100:163*733; A. Ladcuburg, 100: 
163*8257; P. Kothner, and 1. Aeuer, 100:163*8070; and G. P. Baxter, 100: 
163*8131. 

Thera are many other determinations in which a chloride has boon balanced against 
silver* and the silver halide produced* weighed. These results were obtained in the deter¬ 
mination of tho at. wt. of other elements. Thus* V* Lonher converted silver selenite into 
silver chloride; and reduced the latter to the metal by heating in hydrogen ; W* C, JEbough 
obtained similar results with silver arsenate ; T. W. Richards and E. H. Archibald, with 
oteaium chloride j E. H, Archibald* rubidium chloride; G. P, Baxter and F, R Coffin, 
cobalt chloride; G. P. Baxter and M, A* Hines, manganese chloride ; and G, P. Baxter 
and J. H. Wilson* with lead chloride. In another set of determinations tho ratios RCl: Ag 
and KUl; AgCl (or the corresponding bromide) have boon measured, and this permits a 
calculation of tho ratio Ag ; CL T. E. Thorpe's determination of the at. wt. of titanium j 
T* E. Richards* barium; T. W. Richards and H. G. Barker, magnesium; G. P. Baxter, 

M. A. Hines* and H. L. Frevert, cadmium; E, H, Archibald* platinum; T, W* Richards 
and H, H* Willard, lithium; T. E, 'JThorpo and A. C. Francis, strontium; T. E. Thorpe 
and A. P, Laurie, gold; L W, Richards and A* 8, Cushman, nick el; T. W. Richaida and 
G. P. Baxter* cobalt ; T. W. Richards andB. S. Marigold, uranium ; J. P. Coolto* antimony ; 
T. W, Richards and E, F. Rogers, zinc ; G. 1 J . Baxter and A. Thiel, indium ; etc. 

Determination of the chlorate, bromate, or iodate ratio ,—From analyses of ail vet 
chlorate* J. C, G. do Marignac obtained for the ratio AgCl: -SO* 74 012 : 2G'U8R ; 
8 . Stas* 7 4'920 : 25 1 180. J. 3, Stan’ analyses of silver bromatc gave for the ratio 
AgBr : tlO, 79 651:20 34!L Analyses of silver iodate made by N. A. E. MiLlon 
furnished the ratio Agl: 30=82953 ; 17 047 ; and J. 8. Stas found 83'0253 : 16'9747. 
G, P, Baxter and G. 8. Tilley found the ratio between iodine pentoxido and silver 
to ho I e 0 6 : Ag—100 : 64 2229, The relations between silver and various com¬ 
pounds of carbon- organic acids, etc,—and between various sulphur or oxy-sulphur 
salts of silver—sulphide* sulphate* etc.—have been determined in connection with 
the at* wt, of carbon and sulphur* Similar remarks apply to many other elements. 

The general result of the older determinations gave the value 10793 for the 
at. wt* of silver. The determinations of J. 8. Stas furnished the same value 107*93, 
and W. Oatwald obtained from Stas' results 107'9376 with a probable error iO'CKXlT* 
The deviations from the mean were in general smaller than the probable error 
calculated from the individual determinations* and consequently he inferred that 
" none of the five methods employed by J, S, Stas had a constant error," On the 
mathematical side* the calculation neglected to provide for facts which chemists 
subsequently found to invalidate the conclusion. As a Tesult, J. S. Stas* value is 
now regarded as being too high* and what ia assumed to be the best representative 
value is rather less, viz. 107'883* when that of oxygen is 16, F. W* Clarke obtained 
1&7&S±0 00029 as tht best representative value calculated from twenty-nine 
values deducted from seventy-five different seta of determinations* The minimum 
was 107 666 + 0029, and^the maximum 108'094±0'0540. The modem value for 
the at* wt. is in^close accord with 1078B3 obtained by T. W. Richards and 
G, S, Forbes from the analysis of silver nitrate, and the result is but slightly affected 
, by the small uncertainly in the at* wt* of nitrogen. The International Table for 
Atomio Weights for 1920 gives 107 88. The atomic number of silver is 47. 
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Tbe electrochemical equivalent of silver* —Special attention has been paid 3 to 
the electrochemical cq. of silver because this method affords special facilities for an 
accurate determination, and for testing Faraday's law, “ the quantity of a given 
metal deposited in an electrolytic cell, or dissolved in a battery cell when there is 
no local action, depends on tbe quantity of electricity that passes, and is independent 
of the time,” The value for silver is taken as a basis for calculating the electro¬ 
chemical eq. of many of the other elements. The reported numbers for the 
amount of silver deposited per see* per ampere range from T. W. Richards, E. Collins, 
and G. W* Hcimrod’a Hlf2 mgrma. to H. Pellat and A. Fotler’s 11195 mgrmfl. 
The earlier determinations were often affected by errors due to the use of filter 
paper, anil impurities—acid, alkali, colloidal matter, etc.—in the voltmeter. The 
best representative value of the older determinations is 11182 mgrms. per sec. 
per amp., and this makes the charge per ion to bo 96540 + 10 coulombs; and for 
the more recent measurements, the best representative value is taken to bo 11175 
mgrius. per scc. per amp. This makes the eq. charge, per ion, to be 96580 + 10 
coulombs. The method has also been applied to the determination of the amount 
of silver in a given quantity of a silver salt. Thus, W* L. Hardin dissolved silver in 
nitric acid, and the solid waa evaporated, dried, and fused. The salt was then 
mixed with an excess of a soln. of potassium cyanide, and electrolyzed in a platinum 
dish. The results obtained gave for the ratio Ag : AgNO^lOO : 157184, 

L. Natidin * repurtod some unpublished experiments by P, pScImLzunberger in which lead 
freud from silver was found to nontam truces of silver after convE-reion to chloride by chlorine 
gas followed by reduction with hydrogen, and he claimed that roj>otitionii of the experiment 
conlirmod the result. 
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| 9. Silver Soboxide, or Silver Qaadrantoixide, or Silver Tetritodde 

The well-cstublkbcd oxides of silver are silver oxide or silver monoxide, Ag s O ; 
and silver peroxide, Ag a 0a, Silver euboxide or quadrantoxide, A^O* is not generally 
recognised, although there is a score of reports of its formation. Silver tritetratoxide, 
Ag*0k And silver hemitrioside or sesquioxido, Ag s C^, are largely based on reports 
by M. Berthelot* and are probably non-existent. When silver oxide is dissolved 
in aq. ammonia, and the pale brownish eoln. is exposed to the air in an open vessel* 
a brilliant pellicle forms on its surface, which, when removed, is succeeded by 
another, and another, until most of the metal has been separated. This phe¬ 
nomenon was observed by 0. L, Berthollet 1 in 1739, and he stated that its 
production is dependent on the abstraction of ammonia by the atm. M* Faraday 
analyzed the product, which is an oxide of silver, and said that “ there is every 
reason to believe that its composition is eq. to that of silver monoxide, but 
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containing About two-thirds the quantity of oxygen found in the common oxide/' 
which mokes its formula approximate Ag^O. .H, Vogel stated hie belief that 
Faraday's oxide is a mixture of argentons and argentic oxides, and that the former 
resulted from the action of light, G. H. Bailey and G. J. Fowler repeated Faraday's 
experiment and obtained “ suboctahedrai masses of an iron-grey colour/* It was 
always accompanied by a small quantity of fulminating silver which could not 
bo separated, and by a yellow crystalline substance which appeared after exposing 
the first product to the air for some days. The analyses and properties agreed 
with tho assumption that Faraday's suboxide is silver oxide modified by the 
presence of a small amount of fulminating silver. 

In 1839, F, Wohler a announced the formation of a silver suboxido having tho 
composition, Ag±Q. He said that when silver oxalate, mellitetc, or citrate is heated 
in a current of hydrogen to 100 °, or thereabouts, mixtures of the free acid with 
yellow or brown sub-salts are formed, and half the oxygen is given off as water. He 
then extracted the free acid by washing the mixture with water until the runnings 
assumed a port wine-red colour ; and found the residue in the case of silver citrate 
had a composition corresponding with that of silver subcitrate, When a sob. of 
the subcitrate is treated with potassium hydroxide, a black powder is obtained 
which he assumed without analysis bo be a suboxide. From the repetition of 
F* Wohler's experiments by S. B* Newbury, and of G. H* Bailey and G. J. Fowler, 
it appears (i) that considerable quantities of carbon dioxide are evolved during 
the preparation of the alleged sub-citrate owing to the decomposition of citric acid, 
so that the reaction is far more complex than F. Wohler supposed; (ii) that the 
alleged subcitrate is not a chemical individual because when extracted with ether, 
it gives a tar-like mass containing'much free citric acid ; (iii) that the product is a 
complex mixture of itaconic and other organic acids, ail reduction products of 
citric acid; (iv) that F. Wohler interrupted the reduction of the citric acid at an 
arbitrarily selected stage whore the less soluble products, by chance, happened 
to correspond with values approximating to the aubcitrate; (v) that the port 
wine-red soln. of the alleged aubcitrate is always turbid and grey by reflected 
light, and the coloration is due to finely divided silver and silver oxide. The 
conclusion is drawn that F. Wfihler's suboxide is <r a ^mixture of metallic silver 
with silver oxide/’ probably, added W. Muthmanu, in a more or less colloidal 
state. 

F. Wohler, and F.'Rautenbcig also concluded that a cold ammoniacal soln, of 
silver cliremate, or a warm ammoniacal soln. of silver molybdate, or tungstate is 
reduced by hydrogen to tho lower state of oxidation; but W. Muthmann has shown 
that it is more probable that the product of the reduction is rather a, mixture of 
more or less colloidal silver with the ordinary silver salt. H. Rose * reported that 
a soln. of silver nitrate furnishes black silver suboxide when treated with an alkaline 
soln. of stannous chloride > but W t Fdlitz showed that the precipitator is a mixture 
of silver and stannic hydroxide. R* Bunsen likewise obtained the alleged black 
silver etiboxide by the action of an alkaline soln. of antimony trioxide on an 
ammoniacal sob. of silver nitrate, but W, Fillitz showed that the precipitate is a 
variable mixture of silver, silver oxide, and antimony. A, Sanger obtained what he 
regarded as silver suboxide by the action of phosphorous acid oh silver nitrate in 
neutral or feeble ammoniacal soln. at ordinary temp,: 8 AgN(^-f 2 H^PQ 9 +H a O 
-f 8 NHj=Ag 4 0 -|-Ag 4 (P 0 ^) a *fBNHYNCV ^ added that the suboxide decomposes 
rapidly, particularly if the ammonia is in excess, or the soln, warm; the phosphite 
is then oxidized to phosphate. According to A. Sieverta, the reduction of ammoniacal 
soln. of silver salts, or of acidulated soln. of silver phosphate by phosphorous acid 
gives a black precipitate of silver, not silver suboxide, 0 . van der Ffordten, and 
C, F. Rammelsbcrg have studied this reaction. The former treated an alkali 
tartrate with silver nitrate and a little sodium hydroxide, and thought that a subsalt, 
probably suhhartiate, is formed, which, with the further action of tho alkali, gives 
a black precipitate of silver suboxide, and he later stated that the precipitate is 

von, in. * ~ 
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silver subhydroxide—possibly A&I^O; but C* Friedheim showed that the pre¬ 
cipitate is a mixture of silver, silver oxide, and organic impurities. M. Berfchelot 
found that when pure eilver foil is heated to 500° or 550* in diy air or in oxygen, 
or in a scaled tube, the metal loses its lustre and disintegrates to a yellowish-white 
powder assumed to be silver suboxide, Ag^O. The action was said to begin at 
about 200°; and no such action is observed with steam, nitrogen, or carbon dioxide. 
He assumed that silver oxide, Ag £ 0, was formed by the oxidation of silver, and that 
the loss in weight of the eilver oxide was due to his sample containing moisture 
and carbon dioxide, or both, since it is quite difficult to keep silver oxide free from 
these impurities because they are both rapidly taken up from the air. Under the 
conditions of these experiments silver, silver oxide, silver suboxide, and oxygen 
could not all exist in the equilibrium. In the absence of the suboxide, the phase 
rule showa that equilibrium is possible between silver, silver oxide, and oxygen; 
while if silver oxide is present, the possible states of equilibrium are between oxygen 
and silver oxide and suboxide, and between silver suboxide, silver and oxygen. 
A* Gunte introduced enough potassium permanganate in a glass tube of known 
contents, to give at 358° a press* of 49 atm., and two side arms in the tube contained 
respectively silver and silver oxide. After heating three days at 368°, the silver 
oxide bat in weight 3 39 per cent,—theory for iAgaO—SAg^O+O^ requires a loss 
of 3'44 per cent. The metallic silver gained in weight 3 + 88 per cent.—theory for 
8Ag+0*=2Ag 4 0 requires an increase of 3'67 per cent* The product in both 
cases was pale brown. G. N. Lewis could only obtain a mixture of silver and silver 
oxide, and obtained no evidence of the formation of the alleged suboxide. 

Many other reactions have been reported to furnish silver suboxide but without 
an adequate examination of the nature of the product. If* Wohler, 4 for instance, 
says that normal silver phosphate or arsenate is reduced by ferrous sulphate to a 
black powder which is a mixture of silver and silver suboxide ; he also claimed to 
have mads a similar product by boiling normal silver arsenite with a cone* aq. 
soln, of sodium hydroxide : 2Ag3As0 3 =Ag 4 0+2Ag+As a 0 5 , A. Geuther stated 
that black silver suboxide is formed when an aq, soln. of silver nitrate is treated 
with cuprous hydroxide ; and H. liosc reported a similar product to be formed 
when an ammoniaoal soln. of silver nitrate or sulphate is digested with ferrous, 
manganese, or cobaltous sulphate, A. Gunte prepared what he regarded as silver 
suboxide by the action of steam at 160* on silver subfluoride, F. Glaser reported 
the formation of silver suboxide when a stream of hydrogen is passed for 22 hrs. 
at about 34°, and the product does not change after another 15 hrs. action between 
47° and 48°. E. Divers and T. Haga say that when a soln* of silver nitrate is 
treated with hydroxylamine, there is at first a black precipitate of silver suboxide, 
A, Leduc and M, Labrauste electrolyzed a clear soln. of silver oxide, obtained 
by the action of baryta on silver nitrate, between platinum electrodes at a press, of 
10-12 volts, and noticed that a brown cloud is i>roduced in the neighbourhood of the 
cathode, at the edges of which light filaments of silver are formed, while there is 
an abundant evolution of hydrogen. The brown cloud, it js said, “probably 
consists of silver suboxide*” E, A. Schneider believes that the so-called colloidal 
silver, prepared from silver nitrate and ferrous citrate, is realty silver suboxide, 
because with hydrochloric acid it forms silver cidoride without the escape of 
hydrogen. Although the alleged silver suboxide is resolved by heat into oxygen 
and silver, E. Lenssen says that it may be stabilised by the presence of other oxides, 
so that it can exist at a high temp., for, he added, on melting in a crucible a pre¬ 
cipitate of the silver, zinc, and iron sulphides mixed with nitre and sodium carbonate, 
he found an olive-green crust above the button of silver, and on this rested a lilac- 
colourod powder containing ferric oxide, xinc oxide, and silver suboxide. Accord- 
ing to 0* Weltafon, when clean silver foil is dipped into a neutral sob. of hydrogen 
peroxide, it first becomes covered with bubbles of oxygen, then with a greyish- 
white film of what he regards os hydrated silver suboxide, Ag 4 G,H B 0. This oxide 
than dissolves, and a small quantity of a greyish-blue substance is precipitated; 
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when the soln, is exposed to the air, it becomes slightly turbid, and blue owing to 
the separation of finely-divided silver. Potassium hydroxide precipitates a brownish- 
black substance; and on evaporation a crystalline residue is formed from which 
water dissolves hydrated silver suboxide, and leaves translucent red crystals of 
silver. 

This review shows that the evidence for the existence of alleged silver suboxidu, 
Ag*0, is very unsatisfactory. Where the reactions have been sceptically examined 
the conclusion is drawn that the suboxide is non-existent, and where they have been 
sympathetically examined, it is concluded that silver suboxide is a true chemical 
individual and its properties are described. It seems as if man cannot always 
balance evidence with a purely logical and unbiassed mind. Logic and temperament 
each plays its own part in forming his opinions or beliefs. Graphic formulae have 
even been put forward. J, Wislicenua, 6 and M. Traube favour the assumption 
that tho silver atom in the suboxide is bivalent; J, F. Reyna that the oxygen atom 
is quadrivalent: 


Ag-Ag 
Ag- -Ag 


>0 


Silver atom* bivalnit. 


Ag' Ag 

Oxygrji iitom quudrivulonG 
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g 10. Silver Oxide 

The formation of au oxide of silver when the metal is heated in air or oxygen has 
beondiaeussedinconnection with the actionnf the gascson the metal. H. le Gbateller 1 
first showed that the oxidation of silver is probably a reaction of the balanced 
type : 2Ag 2 0^4Ag-b0 2 , for ho obtained a press, of 10 atm. by heating silver oxide 
in a closed tube at 300° ; and at a press, of 15 atm, in a sealed tube at the same temp., 
he observed tha oxidation of tho silver. Henco he placed the decomposition press, 
of silver oxide between 10 and 15 atm + A* Gunta argued that the observed decom¬ 
position press, at 30S° is not that of silver oxide, but of silver suboxide. Ho tried to 
show that silver oxide first decomposes: i Ag a O^=2A&0 -|-G 2j and that the aaboxide 
then decomposes until equilibrium is attained; SAgjO—SAg+Gg' G. N* Lewis 
found the equilibrium press, for decomposing silver oxide at 302 fl to be 20 5 atm.; at 
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325* 32 atm,; apd at 445°, 207 atm. In no case was there any sign of the formation 
of any silver suboxide; and the condition of equilibriufn is that represented by the 
equation: 2Ag 2 0*^4Ag-|-0 E , 

Silver oxide was obtained by H. Rose 2 by heating silver carbonate to 100*. 

L. Joulin said the decomposition is complete at 225", but a little of the oxide is 
sunultaneouely decomposed. Silver oxide is usually prepared by precipitation from 
a so In. of the nitrate by means of potassium, sodium, calcium, or barium hydroxide. 
Core must Do taken that these precipitants ore free from ( carbonates and chlorides. 
According to H. Rose, the washed precipitate should bo dried at a temp, between 
60° and 70°, and not exceeding 80 s . There is some diference of opinion as to the 
temp, at which the material can be dried without danger of decomposition. Accord¬ 
ing to M. C. Lea, the product retains some water after £0 his. drying at 100°, and, 
with longer drying, some oxygen is lost even at that temp. A, Colson said the 
temp, can be carried to 200* without decomposing the silver oxide, while H, Rose 
says a little oxygen is given ofl at KXT, V. Kohlschutter and R Eydmann recom¬ 
mended drying the product in vacuo over ce^cium oxide; W. G. Mixter recom¬ 
mended drying the precipitate two days between 200° and 220°, and an hour at 
280°, K H. Madsen said that only (J'13 per cent, of water is retained at 8D C , but 
only at 280* is alt tho water lost; at this temp., however, some oxygen is lost, 
W. L, Hardin said that all hia attempts to make pure silver oxide free from water 
proved unavailing. 

W. Gregory, and F, Mohr made silver oxide by boiling freshly precipitated silver 
chloride with a soln. of potassium hydroxide of sp. gr. l p 25 to 1'30, until a washed 
sample dissolved completely in nitric acid ; if the reaction should not be completed 
in ten minutes, the lye is poured off, and the product triturated in a mortar, and 
again boiled with new or the old lye. The product is then washed with boiling 
water, then with cold water, and lastly dried on the filter paper. J. S. Stas em¬ 
phasised the difficulty of washing out the alkali from silver oxide prepared by this 
process. 

Pure silver oxide has not been mado. If a cone, soln, of silver nitrate is treated 
with a dil. soln. of sodium hydroxide and the precipitate bo washed with water free 
from carbon dioxide, and dried, a dark brown oxide with a violet tinge is obtained 
containing between 1 and2 per cent, of silver hydroxide, and probably traces of silver 
carbonate. Some reduction of the oxide always occurs because the moist pre¬ 
cipitate gives a white silver chloride with hydrochloric acid, while the dried product 
gives a red-coloured chloride, tho colour of which is deeper the higher the drying 
temp. The oxide also dissociates when the attempt is made to drive off all tho 
moisture, 

G. W, Morse a found that in the electrolysis of the best conductivity water between 
silver electrodes at r40^3 80 volts, with the electrodes l mm, opart, a faint brown 
cloud, appears about the anode, and the liquid contains particles which exhibit 
the Brownian movement. From solubility observations, the particles are considered 
to be silver oxide. With higher voltages, the silver anode can be wholly converted 
into the oxide. F. Wohler electrolyzed a soln. of potassium nitrate with a silver 
anode, silver oxide was formed, and remaining suspended in the electrolyte, coloured 
it brown. E. Muller and F, Spitzer also reported the anodic formation of silver 
oxide by the electrolysis of alkali cyanide or thiosulphate soln. of silver salts; 
J. S. Hughes and J. R. Withrow, by the electrolysis of silver nitrate which contained 
sulphuric acid or potassium fluoride, or perchloric acid with amfhonia, 

A. Lottermoser * prepared CqUoidfll notations ol silver oxide, or hydroxide by 
mixing ^iY-soln. of silver nitrate and potassium hydroxide. C. Foal and F. Voos 
treated soln. of a silver protalbinate or lysalbinate with sodium hydroxide; L. Seas¬ 
hore treated soln. of silver salts with aq. sob. of tannin or related products; and 

M. Kimura, and L. Wohler heated silver to redness, and suddenly dipped it in cold 
water. According to V. Kohlschiitter, the yellow coloration of the beads, obtained 
by fusing silver oxide or borax, is due to colloidal silver. V. Kohlachiitter and 
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J, L, Tiisoher prepared silver oxide dispersed in a gaseous medium by making the 
metal one electrode of an electric are, and oxidizing the vapour. 

H- Vogel added a sola, of l'lflfl gnus, purified sodium hydroxide in 20 grmn. of water 
to a floln, containing a gram of silver nitrate in Id groin. of water. He then added ammonia 
dnp by drop until the precipitate dissolved. A violet skin of crystalline oxide forms on 
the surface of the liquid, and the crystals continue to form for a few weeks. W. Biltz and 
F* Zimmermann found that if the hydroxide of beryllium, aluminium, indium, zirconium, 
tm(ic), antimony, or bismuth be precipitated with ammonia, and thoroughly washed free 
from the precipitant, the pr jduct ha* no action an a ^jV-soln. of silver nitrate : but with 
■Ome other hydroxides, silver oxide is formed and absorbed; thus, magnesium hydroxide 
is coloured brownish-yellow; zinc hydroxide pale brown; cadmium hydroxide brownish- 
yellow ; and load hydroxide, violet-brown. The formation of silver oxide by the oxidation 
of silver with the dioxides of the metals, pota^ium nitrate, etc., is discussed in connection 
with the metal. 

* t 

H, Robo * said that the purest oxide ho could prepare by precipitation was brown 
and that its colour readily darkens in sunlight. W. Gregory’s product was bluish- 
black, The crystalline masses prepared by TL Vogel were in the form of 4- or 6 -ravcd 
sUrs, and the crystals appeared to belong to the cubic system, for he said that it 
forms "microscopic isotropic crystals which can bo grown in small octahedra." 
According to W, R Davey, the X-radiogrant corresponds with the tetrahedral 
cubic lattice with the smallest distance apart of the atoms 2 03 A. According to 
IL W. G. Wyckoff, the crystals have the same structure as those of cuprous oxide— 

a face-centred cubic lattice—ami the length of tho sido of unit cube 47fi X I0 r ' 8 ems* 

The Specific gravity of the oxide is given by T. Herapath as 7 143 (166°); bv 
P. F, G. Boullay aa 7 ' 2 fiO; by C. J. B, Karaten, 82558; by L. Playfair and 
J, P. Joule, 7T47 (3'9°); and by H. G. F. Schroder as 7‘521, Tho difference in 
the volume of two mola of silver oxide less four gram-atoms of silver is 20 c.c. 

According to M. liorthelot, silver oxide ia quite stable at ordiuarv torop. whether 
it be dry or moist, V. Berth ier 7 states that silver oxido is tr&t fotibU. but this 
statement must be a mistake. The decomposition of the salt during its drying 
has already been discussed. In addition, H. Rose said that silver oxide begins 
to decompose and lose oxygon at 250°. According to T. Carnelly and J. Walker, 
there is a rapid loss of water and a email quantity of oxygen between 100 ° and 180% 
while silver oxide with a small quantity of silver is comparatively stable between 
180° and 270° ; there is a rapid reduction of silver oxide to metallic silver between 
270° and 30fl c ; and tho reduction is complete between 300° and 340°. K. Frenzcl, 
S, Fritz, and V, Moyer showed that in a current of air, decomposition begins at 250°. 
As previously indicated, M. C. Lea found decomposition occurs between 100 ° and 
1(15°. E. H. Madsen found that there is always some reduction during the drying 
at 85°-i>8% for while the moist precipitate yields a white chloride when treated with 
hydrochloric acid, the dried salt gives a red chloride, where the colour is deeper the 
higher the temp, of drying. According to P. Berthier, silver oxide is more stable 
when it is associated, or in combination, with the oxides of other elements—?. 7 . lead, 
copper, and manganese—when it is not reducible to tho metal by heat alone. 
L. Joulin found that at 250° the dissociation press, is very feeble, and G. N, Lewis 
found the decomposition of the oxide at 340° was very alow; at this temp, thermal 
decomposition, of tho silver oxide commences very slowly, but proceeds veiy much 
more quickly as time goes on. Thus, 

Tirno fro'm commencement , IQ 13 14 16 13 SO 21 hrs. 

(J,c. of oxygon per min. . Q’017 G’Q37 O'OQfl 0’25 2 1 0‘28 

The reaction thus steadily increased in velocity, and reached a maximum speed 
after about the eighteenth hour ; the speed then steadily decreased as is typical of 
such reactions. The values obtained with silver, prepared in different ways, have a 
great influence on the »[>eed of decomposition, and G, K Lewis assumed that the 
period of vnduclmft in this reaction is due to tire catalytic action of silver produced 
in the reaction—ffutocafofysw aa the phenomenon is called. If silver is initially 
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mixed with. the silver oxide, tie decomposition commences at once, and the speed 
moreflftjs with the amount of silver added. 

If x denotes the fractional portion of the oxide which has been decomposed at the time t, 
V is proportional to the quantity of silver present at the lime t ; and 1 — * is the fractional 
portion of the unchanged silver oxide. The velocity of the reaction was found to be pro¬ 
portional to the amount of silver oxide and silver present in the system, so that 

= &e(1 — ar); or log * ^ H ; or *- =fM 
at 1—x J —a 

where k is a constant which G. N. Lewis found to be k=i. The integration is made on the 
assumption that zero time is calculated when the reaction has its greatest velocity, i.e, 
when i= 0 t a^=l —x. Consequently, dxfdt^h^l +6*^*. 


Platinum and manganese dioxide act as catalytic agents, and stimulate the 
speed of decomposition of silver oxide. J, Kendall and R J. Fuchs found that 
the addition of cupric oxide, manganese dioxide, ferric oxide, cerium dioxide, silica, 
and chromium trioxide to silver oxide, mercuric oxide, or barium peroxide 
increases in every case the rate of evolution of oxygen on heating and in most 
roses reduces the decomposition temp. The observed values of the decomposition 
press, of silver oxide are indicated above. R Gh Keyes and H. Hara found the 
press, in atm. are well represented bylog ]a p= — 2859/T-|-G l 2853, the value at 
25° calculated from the calorimetric data is fixlO -4 , where the heat of decomposi¬ 
tion, Q, is related with the change in the vap. press., p, and temp., T t as 
represented by Clausius 1 equation, dpldT=QT(v—V), where u is the vol. of oxygen 
at T a and press, p, and V is the total change in vol. of the solid system, is., the 
difference in vol, between 2 mols of silver oxide and 4 gram-atoms of silver. Q is the 
heat absorbed during tho decomposition; if U denotes the internal energy, and 
p(v^Y) the work done during the change; then, if £/ varies with temp. T as 
V~V 0 —aT, where a is the decrease in the thermal capacity" of the ay stem during 
tho decomposition of 2 moist of silver oxide, Clausius' equation becomes 
iIp/dT={ U 0 —nT±p(v—Y)l/T(v— V). IE V is not negligible but is a constant 
magnitude, integration furnishes : 
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and with the observed dissociation prejw T the increase of internal energy accompany¬ 
ing the decomposition of 2 mole of silver oxide, U 0 , ia very nearly Dili Cab., 
and at room temp, about 12 8 Cak, so that the heat of formation of sliver oxide, 
at room temp., exclusive of external work, is half this value, or G'4 Gala, J. Thomsen 
calculated the heat of formation (2Ag, 0} to be 5 0 Cals, from the observed heat of 
neutralization of silver oxide, and from the heat of the reaction between copper 
and silver nitrate ; and M. Eerthelot similarly obtained (2Ag, 0), 7 0 Cals.; while 
W. G\ Mixtcr gives D'4 Cals. R G. Keyes and fL Hara give for the external heat 
of the reaction 6=0582;^—20'7)/r cals, per mol of oxygon. The external and 
internal heate* U=Q—pdv t minimum values; 
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H. von Wartonberg gives for the heat of formation in the gaseous state 9'8 Oak, 
calculated from a vap. prow. of silver of 2'5xl0 -3 mm., and a vapour pressure 
of silver oxide of G'5xl(k a at 14G3 a , The heat of Vftporiaation is also calculated 
to be between —90‘6 and —109 Cals. 31 de K. Thompson calculated the &eo 
energy of formation to be 3 31 and also 3‘9 Cals, (the total energy is 5'9 Gala.), 
J. Thomsen gives for the heat of nautraliBatfoi, (Ag a O, 2HClaq.), 4233 Cals.; 
for {Ag 2 0, Hg&Oj&q.), 1449 Cals.; and for (Ag 2 Q, 2HNCVup), 10SS Cals. 
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M. Bertholofc gives {Ag a O, ZHtftyaq.), 10 4 Cola.; for (Ags.0, 2HBraq*),5I 2Cak; 
and for (Ag 2 0, 2Hlaq.) f 64'2 Cals. 

The colour of silver oxide gradually deepens when exposed to light, and at the 
same time H. Rose 8 found that the compound is decomposed with the evolution of 
oxygen. According to G. Wetdar, also, the aq. soln. of silver oxide acquires a 
reddish colour when exposed to light. After exposure to light, thu dry solid yields 
a red chloride when treated with hydrochloric acid. 

The potential of Ag^O'Ag at 25° in a solm of potassium hydroxide against a 
hydrogen electrode with the same electrolyte was found by Jt. Luther and 
K. Fokorny 9 to be 1172 volts, and to be independent of the cone, of tlie electrolyte. 
P. Ecchteroff found that the presence of wilver oxide raises the e.m.f. of the 
C|B 2 (^r,ig ec i;Pt ceil less than do the oxides of iron, cobalt, nickel, or copper, because 
it acts on the platinum electrode by the deposition of silver. A. Lcduc anti 
M, Labrousbo also studied tko electrolysis of an aq. soln. of silver oxide. 
According to G* Tanunann, when ignited zinc oxide is left in a soln. of silver nitrate 
or sulpliate in subdued light, it remains white for a whole day, but in bright light 
it quickly becomes grey, and, after a quarter of an hour, black. Lead oxids 1 , 
blackens in the same manner, even in subdued light, but less rapidly than in 
sunlight, and ferric oxide, bismuth oxide, antimonio oxide, and yellow mercuric 
oxide change in colour more slowly. The blackening is due to the deposition of 
silver oxide. An ionic exchange is said to take place at the surface of the oxide, 
controlled, proliubly, by the electric potentials of the reacting substances. The 
velocity of the reaction is said to depend on the tendency of the silver oxide to 
rryst&IIizc in the lattice form appropriate to the medium In which the deposition 
takes place. 

Silver oxide is sparingly soluble in water, J, L. Proust,* 0 and 0. F, Bueholz 
noted that the aq, soln. has a metallic taste, and N, W. Fischer, and A. Vogel an 
alkaline reaction, for it turns red litmus blue, and turmeric browu like other strong 
bases, for, according to A* Binoau, the aq, soln, decomposes the metal halides and 
oxy-salts, setting free the base as oxide. According to A. Bincau, the solubility 
is such that 100 parts of water dissolve 33xl0 -3 parts of silver oxide ; M, G. Levi 
gives 6'5xRM; R, Bottger, 2MXlG“ 3 at 1G SG ; and 2'JHXl(r> at 24 94; 
Ji. Abcggand A, J, Cox, 21 xIO -13 at 25° ; A* A. Noyes andU. A. KoJn\ 2 Hi X If)“ a 
at 25°* According to G. 3. Whitby, the solubility of the oxide increases with time, 
becoming constant only after 14 days; at first it is l'72xlO -3 at 20°, and in 14 
days it increases to - 21GXl0 -3 , Sliver oxide dissolves in an aq. soln. of ammonia^ 
or ammonium carbonate ; sodium thiosulphate ; sodium or potassium cyanide ; and 
the cyanides of the alkaline earths. It is not'soluble in aq. soln. of potassium^ 
sodium, or barium hydroxide. Eh C, Franklin and C, A. Kraus found silver oxide 
to be insoluble in liquid wtthtfmia ; and M. Hamers, insoluble in pure and in sat, 
aq. soln. of ethyl acetate at 18 y , 

Gold eilver oxide was found by A. Colson 11 to absorb hydrogen. According to 
F Wohler, and K. French ft. Fritz, and V. Moyer, silver oxide is reduced by 
hydrogen at 100°; while F. Glaser said that at 34° silver oxidu iu reduced to tire 
suhnxide, and at GX to the metal, but the former statement needs revision, ft. Hauser 
gave about 25 5 for the temp, of reduction. I, W. Fay and A. F, Seeker found that 
the reduction occurs at 0°, but more slowly. In a sealed tube at 0° fitted with a 
mercury gauge, the mercury had moved 14'9 min. in one day ; 1S"3 mm. in 2 days ; 
39 mm* in 4 days; and 107 mm. in 12 days. A. Colson says that in the reaction 
between hydrogen and silver oxide, some metal is volatilized. According to 
V. Kohlschutter, the perfectly dry substances do not react; in present# of a trace 
of moisture, the reaction takes place even at the ordinary temp. The presence of 
larger quantities of watar retards the change, which always begins at the points of 
contact of silver oxide and glass. If a little silver oxide dust Is distributed over the 
walls of a flask, which is then filled with hydrogen nearly sat. with aq, vap., minute 
drops of water can be caused to condense round the silver oxide particles by cooling 
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. ClM'nde ol the flask. The reduction hikes pUce in these drops muohmorerspidly 
than in the diy psrtioleB, and. when the drops ere svsporoted,* ran « «lro is lefi 

' on the glass. The film consists of cqJJoidal silver; it does not conduct electricity 
At first, but soon passes into the ordinary form of the metal When a suspension 
of silver oxide in pure water is reduced by hydrogen, the reaction taxes placealmost 
exclusively in the contact surface of glass and the soln., the solid oxide being un¬ 
attached ; the reduced silver is obtained partly as a mirror and partly as a nydrosol. 
The rate of reduction of the silver oxide increases with the ratio (glass surfaced val r 
of Bohi.) f whilst the ratio hydresol/mirror diminishes. The nature of the hydnoaol 
obtained depends on the Aind of vessel used. Ordinary glass and quartz glass 
give yellowish-brown soln., Jena glass yields red, blue, or violet soln., whereas 
platinum gives no hydrosol, all the silver separating as a crystalline deposit on the 
platinum. The soln. contain dissolved silver hydroxide in addition to the colloidal 
silver. 

According to M. Berthelot, the sesquioxide, Ag^Oa, is formed when ozone acts 
on moist silver oxide, or on silver. L. J. Th£nard 11 noted that there is a vigorous 
reaction between hydrogen peroxide and silver oxide resulting in the liberation of 
oxygen, and the separation of silver. T. Bayleigh said that more oxygen is given 
off than corresponds with the passage of the hydrogen peroxide to water, but 
M. Berthelot, and E, Mulder maintained that dil. hydrogen peroxide in contact 
with silver oxide only gives off an amount of oxygen corresponding with the catalytic 
reduction of the peroxide, the silver oxide ia not decomposed. They believed that in 
the reduction the silver oxide first forms an unstable dioxide, Ag £ 0 £j which acta as 
intermediate compound in the catalysis. A. von Bayer and V. Villigcr, however, 
observed that all the silver oxide is reduced to thu metal if sufficient hydrogen 
peroxide is present; and M. Berthelot explained this by assuming tlmtinthe second 
phase of the reaction: 2Ag 2 0-b3K a 0 3 ^Ag 40 a H- 0 2 -b 3 H £ 0 , and that the oxide 
decomposes: SA^O^dAg^O-l-O^ 

According to M Berthelot, silver trJtatntaxld*, Ag t O>—sometimes called wilvor sesqui- 
oaride—i$ formed during the catalytic action of hydrogen peroxide on silver or silver oxide 
in hydrated black decks, which decompose when the attempt is made to dry them. With 
dil. acids, the corresponding salt of silver is formed with the evolution of oxygen. The 
Btuno oxide is fluid to fin formed during the action of osame on silver or on freshly precipitated 
silver oxide. Jle givra for the heat of formation [4Ag, 30) 21 Cals. A. von Bkyer and 
V. Villiger maintained that At. Borthriot's alleged totratritoxide does not exist, and that 
hydrogen dioxide with silver oxide produces metallic oilvor. The totratritoxide may bo a 
mixture of silver oxide and dioxide. E. K Watson supposed it to bo produced when 
ammonia acts on silver dioxide: 3Ag fl a a -f2Nl[ 1 ss3Ag J 0 s -f-N a + 3H,0. U. Boborovsky 
and B. Kuzina assumed that silver jjefDxynitrate or porexyeuiphato rosnoctiveiy obtained 
In the electrolysis of solrt of silver nitrate or sulphate with platinum eleotrodes is funda¬ 
mentally silver tritotrataxide, Ag ( 0 B . 

J. 8. Stas 15 found moist silver oxide in attacked by chlorine^ forming a mixture 
of silver chloride, hypochlorite, and chlorate, and some hypochlorou# acid; and 
A. J. Balard showed that hypochloroua acid reacts with silver oxide, forming silver 
chloride, oxygen, and a little chlorine. L. Bruner and J, Sahbill found that the 
electrical conductivity of a solm of bromine in nitrobenzene is veiy much reduced 
by the addition of silver oxide owing to the formation of complexes. The action 
was studied by £ W. B, Normand and A, 0. Gumming* A, Naquet reported 
that when iodine, suspended in water, is treated with silver oxide, silver iodide 
and iodic acid are formed, G, L. Fowler and J. Grant, and W. It Hodgkin&on and 
F. K. 8. Lowndes found potassium oMoraie ia oxidized by silver oxide to the per¬ 
chlorate and silver without the evolution of oxygen. 

It. Bdttgsr 14 found that when finely divided sulphur is triturated with silver 
oxide, the mixture inflames. A. Gcuther reported that flowers of sulphur is 
oxidized by silver oxide and water, forming a little acid silver sulphate; and > 
J, B> Senderens, by heating the mixture in a sealed tube, obtained stiver sulphide 
and sulphate. A, Geuther also found that sodium penUsulphide and freshly 
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precipitated silver oxide form sulphur, ail™ sulphide, sodium hydroxide, and a 
fettle silver sulphate but no ditkionate. W, Yaubel, and A* Geuther also iound that 
sodium thiowuphato reacts with silver oxide; Ag a 0-hNa 2 S 2 0! a ^Ag 2 S-hNa 1! aO 4 . 
R. Bottger iound that ignition takes place when silver oxide is triturated with 
various metal sulphides— auric sulphide, black antimony trisnJphide, and mercuric 
sulphide (realgar or orpiment)—or selenium. A, Vogel also boiled lead sulphide 
with silver oxide and water and so obtained lead oxide; arsenic triiulphidti when 
similarly treated suffered no change. A. Vogel found that sulphur dioxide reacts 
incompletely with warm silver oxide, forming silver and silver sulphate. It was 
found by H. B. North and A. M. Hageman that silver oxide in the cold does not 
attack thionjl chloride, hut when heated in a sealed tube at 150°, a little silver 
chloride, etc., is formed. 

S. Hauser 1& said that silver oxide is reduced by ammonia gas at room temp. 
Silver oxide is insoluble in liquid ammonia ■ but it is soluble in aq. ammonia or 
an aq. soln. of ammonium carbonate—tiufle infra. G + Bruni and G. Levi reported 
the formation of silver diammino-oxidft, Ag^NH^O, R Sabatier and 
J. B, Senderens found that nitric oxide decomposes silver oxide at 170*. Whim 
silver oxide is heated to redness with ammonium chloride* a mixture of silver and 
silver chloride is formed. According to H. Rose, a portion of the silver oxide is 
reduced to silver, and this is not altered by the ammonium chloride which converts 
the remainder of the oxide to silver chloride. An alkaline aoln. of hydroxylamiue 
is vigorously oxidised by silver oxide with the liberation of nitrous oxide, and the 
formation of a little hyponitrous acid, K 2 N 2 G 2 . R. Bottger found that when 
amorphous phosphorus is triturated with silver oxide, the mixture inflames. A. Vogel 
oxidized phosphorous odd with silver oxide. G. Wetzlar found that when a soln. - 
of sodium phosphate is shaken with silver oxide until the colour is not changed, 
the aoln. becomes very alkaline, but retains some phosphoric acid. 

P. Bcchfcereff found that the presence of silver oxide stimulates tho oxidation of 
carbon. According to A.Colaon, 10 carbon monoxide reduces silver oxide energeti- 
cally at 10°, hut at —21° there is very little reduction although sometimes the gas 
is absorbed or replaced by an equal vol. of carbon dioxide, with the formation of 
silver carbonate. I. W + Ray and A, F. Seeker found appreciable reduction occurs 
at 0°, and the reaction is mors vigorous than with hydrogen. S. Hauser said that 
the reduction occurs at room temp. C. F. Schlagdenhauffen and M. Fngel found 
that rarbon monoxide is completely converted to the dioxide in its passage over 
dry silver oxide at 60°. A. Colson found the velocity of the reaction varies with 
tho previous history of tho silver oxide. The reaction was also found to bo influenced 
by its humidity. The gas dried by passing through (sonc. sulphuric acid begins to 
react at the temp, of a water-bath, K. Frenzcl, S, Fritz, and V. Meyer found the 
heat liberated by the reaction when a current of carbon monoxide is passed over 
the oxide raised its temp, to 3O0 C . H, Dcjust observed that when carbon monoxide 
acts on dry silver oxide at the ordinary temp,, a considerable amount of heat is 
developed and metallic silver is formed : Ag^O^OO—2Ag+CG 2 +Gl’2 Gals. It is 
sometimes necessary to raise the temp, of the oxide to i0 o -50° before the reaction 
sets in. Tho gas also acta slowly on the oxide suspended in water ; metallic silver 
is deposited, and a yellowish-brown soln. is formed which also deposits silver. Tho 
reaction takes place much more rapidly in ammoniacal sob.; the colourless soln. 
turns brown, then black, and deposits silver. H. Dejust suggests the possibility 
of utilizing this reaction for the determination of tho amount of carbon monoxide 
in air. According to A. Gautier, moist silver oxide slowly absorbs carbon monoxide, 
forming silver subcarbonate, A^COj, along with traces of formic and oxalic acids. 
N. W, Fischer found that freshly precipitated and moist silver oxide readily absorbs 
Whon dioxide from the atm. , and G. &♦ Lewis shows the possibility of errors arising 
in analytical work owing to the absorption of moisture and carbon dioxide by silver 
oxide exposed to the air. G. Wetzlar observed that an aq. soln. of silver oxide is 
rendered turbid by the passage of a little carbon dioxide, but the soln. becomes 
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clear with the passage of more carbon dioxide. The property possessed by moist 
Silver oxide of giving up its oxygen at a low temp, is utilized in organic chemistry— 
e.g , for the transformation of organic bromides and chlorides into alcohols. Accord¬ 
ing to L* Yanino, formaldehyde reacts with silver oxide in the presence of sodium 
hydroxide forming sodium formate: Ag 3 0-hNaOH-f CH 2 0=3Ag-|-H 2 0 {-HOOONa, 
while, according to H. Wieland, diy formaldehyde is reduced to carbon dioxide; 
dry acetaldehyde does not react, but in the presence of moisture, the reaction is 
vigorous; chloral reacts very slowly if at all; chloral hydrate is readily oxidized. 
H, Vogel oxidized lactose ; M. A. Gordon, hydroqwnone ; etc. A. Michael and 
A. Murphy observed that carbon tetrachloride reacts at 250°, while asoln. of chlorine 
in carbon tetrachloride reacts at ordinary temp., forming carbonyl chloride, C001 a . 
The chlorine acts as a catalytic agent. 

According to N, W. Fischer, 17 and H. Rose, silver oxide freed from all traces of 
silver salts—more especially the carbonate—and suspended in water, is com¬ 
pletely reduced by the metals copper, zinc, cadmium, lead, and tin, while iron, 
cobalt, nickel, or the other metals which precipitate silver from soln. of the silver 
salts, are without action* I\ J, Malaguti and J, Dnrocher found silver oxide ia 
readily reduced by mercuiy and the resulting silver forms an amalgam. C. Winkler 
found that when a mixture of silver oxide and magnesium is heated in a scaled tube, 
the reaction proceeds with explosive violence. According to N. W. Fischer, an 
ammoniacal soln* of silver oxide is rapidly reduced by zinc, copper, and arsenic ; 
more slowly by cadmium, mercury, tellurium, and lead; to a slight extent by 
manganese and antimony ; and not at all by bismuth, tin, iron, and nickel, etc. 

On account of its relative solubility, H. Rose found that silver is completely 
exchanged by the metals: beryllium, aluminium, chromium, gold, iron, cobalt, 
copper, zinc, bismnth, and mercury ; and the replacement ia only partial with 
salts of yttrium, manganese, nickel, cadmium, and lead; and but slight with 
the salts of calcium and magnesium—the halogen salts excepted* According to 
J, Pcrsoz, also, boiling aq. soln. of cobalt, nickel, cerium, cadmium, magnesium, 
or copper dissolve silver oxide with the separation of the corresponding metal oxide, 
P. Sabatier has shown that with nitrate of copper, the silver is mixed with a basic 
cupric nitrate—similarly also with the sulphate, chlorate, and thiosulphate. 
IX Vital! found silver oxide completely decomposes mercurous, mercuric, ferrous, 
ferric, and cupric nitrates and auric and platiuic chlorides; almost completely 
decomposes cobalt and nickel nitrates ; partially decomposes cadmium, manganese, 
zinc, and aluminium sulphates; and very incompletely decomposes magnesium 
and calcium sulphates. Stannous chloride, when hot, gives a violet coloration ; 
andaeoln.of mercurous chloride, when boiled with silver oxide, gives a green mixture 
of mercuric oxide and silver subchloride. When chromic hydroxide is boiled in 
alkaline soln. with an alkali hydroxide and silver oxide, D, Meneghitii found the 
corres]Kmding alkali chromate is formed. 

According to G. Wetzlar, and J. Percy, if at ordinary temp, moist silver oxide 
is added to an aq t soln, of sodium anil potassium chlorides, so long as a white pre¬ 
cipitate is formed, a soln. of the alkali hydroxide is obtained. The. action, however, 
is not complete ; while if the soln. bis boiled the reaction reverses and silver oxide is 
formed as in the preparation of silver oxide by W. Gregory's and F* Mohr’s processes 
(f.t.b Similar reactions occur with the alkaline earth chlorides. According to 
H. Rose, the reaction is complete with magnesium chloride in the cold. The 
bromides and iodides bahavo similarly. A. Kustninsky has studied the action of 
silver oxide on lithium chloride, bromide, and iodide. The alkali hydrocarbonates 
are converted into carbonates; alkali sulphates are not changed; and aq. soln, 
of the alkali nitrates dissolve some silver oxide, H, Rose also found calcium 
nitrate dissolves silver oxide copiously, but not a tiuln, of barium nitrate; and 
soln, of magnesium litrate and sulphate are not changed, although A. Karrailitzmo ' 
found the former is very slowly changed. 
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5 11* Silyei Hydroxide and Silver Ammino-Hydroxide 

H, Rose 1 attempted to imlre silver hydroxide* A^OH, by the aetionof linn 3 , water 
on a fioin, of silver nitrate, but the produet was virtually free from water when dri^d 
at HXT ; and it contained no hydroxide. It has often been assumed that the moist 
precipitate* obtained by the action of the hydroxides of the alkaline earths on aoln, 
of flilyer salts, is silver oxide ; thus T. Caruelly and J. Walker say that the product 
is stable up to but that it rapidly loses oxygen and water between 100° and 
180°. D. Lance found that possibly silver hydroxide, or else silver oxide* is pre¬ 
cipitated by heating soln. of the oxide or carbonate in amines* or mixed solu. of the 
amines and ammonia* J, D, Erucc has shown that dil, cq. sain, of silver nitrate 
and potassium hydroxide in 90 per cent, alcohol, at ordinary temp,, give a granular 
brown precipitate of silver oxide; but at a low temp., say — 4Jjj D , the precipitate is 
almost white, but it soon becomes coloured, and at —4G fl it is pale brown. The 
aq, soln. of silver oxidu is assumed to contain silver hydroxide. According to 
V, Kohlschiitter* the electrical conductivity of thesp soln. at 25* is: 

NX10 4 * 20 2-2 2-4 30 3'2 4-0 4<8 6A 

Jtxi0‘ * . . 25'8 27 9 29 3 340 3925 49 0 57 8 73-0 

From the electrical conductivity of the soln, containing a mol of the hydroxide 
in 1783 to 14,264 litres, M. G. Levi calculated the ionization constant to be 
llSXlO^ 4 , indicating silver hydroxide to be a stronger base than ammonium 
hydroxide. The degrees of ionisation : AgOH^Ag'+OH' are respectively 38'T 
and 72'2 per cent* W. Biltx and F. Zimmennann estimate the ionic solubility to 
be between 22x10^ and 3 02X10 -4 mols per litte. S* Glixcili studied the 
electroosmosis of colloidal silver hydroxide. 

According to A, Reychler, if a cone, aq* eoln. of silver monammino-nitrate bo 
dialysed into water, white needles, whose composition, after washing with alcohol 
and ether, and drying at a low temp.* approximates bo aifwr monammintb 
hydroxide, are formed. The salt supposed to bo silver monammino-nitrate is. 
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however, but a mixture of silver nitrate and diammino-nitrate, J, Kunokel, in 
Ida VolkUtndifiM LoboTdtorium chymicum (Berlin, 1767), described how fiilmen 
prMcipitatufn is obtained as a precipitate by adding sat volatile urinn to a soln, 
of a silver salt ; this product wae later called fulminating silver —KnaUsilbfiT or 
Vargent fulminant. About twenty years later, C, L. BerthoUet 2 prepared it by 
treating precipitated silver oxide with cone, aq. ammonia. The action wae 
accompanied by a noise like that which attends the slaking of lime with water, 
and after 12 hrs. the film formed on the surface was dissolved by adding fresh 
aq + ammonia, the clear liquid decanted, and the fulminating silver, winch collected 
at the bottom of the vessel, was dried in separate small portions, on pieces of 
filter paper. M. Faraday cautiously boiled precipitated silver oxide with an 
aq. soln. of potassium hydroxide and ammonia. The function of the potassium 
hydroxide is to remove any carbon dioxide which may have been absorbed 
by the silver oxide and would otherwise prevent the soln. of the oxide in the aq. 
ammonia. Another process which has been recommended is to add gradually 
purified potassium hydroxide to a soln. of silver chloride in cone, ammonia, until 
no effervescence occurs, when more alkali is added. The black turbid liquid is 
diluted with water, filtered, and the resulting black powder is washed on the filter 
and dried, in small portions at a time. Crystals of fulminating silver are also re¬ 
ported to have been obtained by J. L. Proust, B. Higgins, C, L, Berthullot, and 
J, L, Gay Lus&ac, as indicated below, by exposing colourless ammoniacal soln. of 
silver oxide to the air; in addition, F. Raachig by warming this same soln r on a 
water-bath, or by heating it with alcohol. 

The term fulminating bilvar is also applied to bUvzr futminai^ prepared in 1798 by 
L. i.ttugmitolii, by pouring a soln, of une part of silver in 10 parts Of nitrio mmi of sp. gr. 
J h 3E5 inly 20 purU of 85-1IU per uont, alcohol. It separates from tho aoliL in tiny nuodJ*^ 
and irf rngoidod as tho silver salt', of rubniaic acid, H J C J .N r a O aj which has not 

been isolated. The mercury and silver salts are employed in filling jurcusaion caps. 

Fulminating silver appears either as a black powder, or in block opaque crystals 
with a metallic lustre. B. Higgins, and M, H> Klaproth and F. Wolff assumed the 
crystals are pure fulminating silver, and the black powder a mixture of fulminating 
silver, metallic silver, and possibly Faraday's suboxide. Dry fulminating silver is 
instantly decomposed by slight disturbing causes—percussion, friction, heat, etc.; 
the decomposition is attended by a violent explosion which usually shatters the con¬ 
taining vessel. Thus, F. Rasekig says that a drop of water falling directly on tho 
moist product is attended by an explosion. The products of the decomposition 
are said to be silver, water, and nitrogen. Tho moist oxide is not so liable to explode 
as when dry. The composition of fulminating silver is unknown. It may be silver 
nitride, Ag s N, or silver imide , Ag a NH, F, Raschig’s analyses corresponded in one 
case with AgjN ; and in two cases with AggNH, Ho also observed that fulminating 
silver is slowly soluble in aq, ammonia; sulphuric acid converts it into silver and 
ammonium sulphates; and it dissolves in aq. sob. of potassium cyanide without 
the ovolution of gas: Ag a N-h3KCy+3H 2 0=3AgCy-j-3K0H-{-NH3. 

Many of the compounds of silver are dissolved by aqua ammonia, and, in some 
cases, powerfully detonating and dangerous substances are formed. For example, 
A. Stock tried to accelerate the dissolution of silver oxide in dil. aq. ammonia by 
wanning, and a vigorous explosion resulted; C.Matignon, also, found an ammoniacal 
sob. of silver oxide exploded after standing 24 hrs,, possibly owing to the drying 
of fulminating silver on the walls of the glass vessel. A. Sic verts has also emphasized 
the danger of violent explosions incurred in working with ammoniacal silver spin. 
Even clear sob,, said he, may give rise to explosions. 

According to M; Faraday, precipitated silver oxide dissolves completely in 
aq. ammonia, forming a pale brown sob. On the contrary, J, L. Gay Lussac said 
that there is always some residue which does not dissolve and which is identical 
with the so-called fulminating silver; but N, W. Fischer showed that the freshly 
precipitated oxide dissolves completely, while the dried oxide dissolves only partially. 
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W. R. Whitney and A. C, Melchcr found that the solubility of silver oxide, expressed 
in gram-atoms of silver per litre, in aq. ammonia soln. T expressed in Cttu a mols 
of ammonia per litre, at 25*, is 


C NS a 

. 0-214 

0 4G& 

0 720 

0-827 

0-&W) 

0-0O0 

1-522 

^Ah 

. 00054 

0'140 

0-225 

0 248 

027S 

02!W 

0-470 

Ratio 

. 3-272 

3-301 

3-1&0 

3’33ff 

3 237 

3 344 

3 235 


So that the solubility in aq. ammonia at 25° is almost exactly proportional to the 
cone, of the latter between the investigated limits wlfure the ratio Cxe[ s '-tCaj ie 
virtually constant. The ratio of the solubility eq, to the ammonia cone, is nearly 
as 1:3'31 at 25 y ; and 2 5-J at 0 U . The solubility of silver oxide is thus much 
greater at U° than it is at 25°. and the reverse is true for the solubility of the oxide 
in water. H. von Euler haw also measured the solubility of silver oxide in methyl- 
amine and in c thy lamina 

When the ammoniacal soln. of silver oxide is exposed to the air, or, according to 
J. L, Proust, when a euln. of silver chloride in aq. ammonia is exposed to the air, 
or still more readily by the application of heat, black opaque crystals of fulminating 
silver are deposited. These crystals were found by R, Higgins, M. H, Klaproth 
and F. Wolff to detonate violently with the slightest disturbance, even that which 
is produced by agitating the mother liquid in which they are being produced; au 
contraire, according to M. Faraday, the crystals which form at the surface of the 
soln, are silver suboxide (tf.f ), while if the soln. be boiled for u few moments, tho 
liquid becomes highly coloured, nitrogen is given oil, and a black curdy precipitate 
of fulminating silver is formed which leaves the liquid colourless ; whim the colour¬ 
less liquid is again heated, it is blackened, gives off nitrogen, and deposits a pre¬ 
cipitate of silver oxide, not fulminating silver. Other crops of oxide may bo obtained 
by repeating the operation. The liberation of nitrogen therefore docs not belong 
exclusively to the formation of fulminating silver, but seems rather to depend ou 
the production uf oxide. When the snlu. of silver oxide in ammonia is kept for 
three months in a dosed vessel, oxygen gas is evolved, and the soln, deposits a layer 
of metallic silver, but do fulminating silver. The soln. gives white precipitates 
when treated with potassium hydroxide, ether, or alcohol; the precipitates soon 
change colour, and, after drying, detonate both by heat and by friction* M. Berthelot 
found that when the ainmoniacal aolu. is treated with hydrogen peroxide, crystalline 
silver is precipitated, and oxygen is liberated, N. W, Fischer found that when the 
soln. is treated with alkali phosphates, chromates, or chlorides, if too “much ammonia 
be not present, the corresponding salt of silver is precipitated. Lead and copper 
reduce silver from the soln., tin and iron do not* A, Qppcnheim found that phee- 
phoruG precipitated metallic silver from the boiling soln. ; ami IT* llcjiiHt found 
that carbon monoxide produced an analogous result. 

G, Bruni and G. Levi prepared silver diammiHO-OXide, Ag a O*2i\[I Sl Many 
investigations on the physical properties of amnumiucal sulu. of the silver com¬ 
pounds point to the conclusion that the silver of these impounds exists in soln* as a 
complex cation, AgfNHg)^, and in the caso of soln, of the oxide, as silver diammino- 
hydroxide* Ag(NH a } 2 OH, or AgOH.aNHa, For example, A, lieychler a showed that 
the Ip. of silver nitrate or sulphate soln. is almost unaffected by the addition of am¬ 
monia until 2 mols have boon added, when subsequent additions produce the normal 
lowering* D* Konowabff, and W. Gaua found that the addition of silver chloride 
or nitrate to a soln, of ammonia reduced tho partial press, of ammonia to a value 
equal to that of a soln. of ammonia of a cone, less by 2 mols of NH 3 j>er gram-atom 
of silver added* M, Berthelot and H. DeJepine proved that on mixing dil. soln. of 
ammonia and of silver nitrate, no heat effect occurs with the addition of an excess 
of either component beyond that required for the ratio: Ag; 2NH 3 . G. Bodlander 
and R. Fjttig investigated the solubility relations of silver chloride or bromide in 
aq. ammonia containing either potassium chloride or silver nitrate, and assuming 
the mass law is applicable, it follows that the silver is present almost exclusively 
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ob the cation Ag(NH 3 ) E *; and this conclusion was confirmed by e.m.f. measurements 
of cone, cells with silver electrodes and sola, containing the same cone, of silver 
nitrate or chloride, and different cone, of ammonia. The dissociation constant, 
K , for the breaking up of the complex ion Ag(NH 3 } 2 into the components 
[Ag'JfNHala^A'IAgtNH^a 1 ] was found to be small. A=688x 10^* ; H. von Euler 
found A—4'lxlO -8 ; and A. A. Noyes anti D, A. Kohr found A —7 0x10"*. 
W. Bonsdorff found that the strength of silver, cadmium, copper, nickel, and zinc 
ammino-hydroxides decreases in the order named, and that silver ammino-hydroxide 
is the strongest base of the serins, being more strongly ionized than barium hydroxide, 
while zinc ammino-hydroxide is a very weak base. H, von Euler made similar 
investigations with mcthylamino and ethylamina soln., and found for the former 
A F --i'd'#T) X10 -7 , indicating that the mcthylamine complex AgtNHjjCHgJa is five times 
less liable than the ammonia complex AglNH^OH. W, R. Whitney and 
A. G, Melchcr studied the transport of the ion Ag^NHa^ninto neutral soln. of sodium 
salts ; they found the f r p. of ammonia soln. is not affected by the dissolution of the 
silver oxide ; that the eq, conductivity changes so slowly with dilution as to show 
that the complex salt is completely ionized; and the greater solubility of silver 
oxide in aq, ammonia, at than at 25 n , corresponds with the smaller tendency of 
the complex ion to dissociate into its components at the lower temp. 
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$ 12, Silver Dioxide ; or Silver Peroxide 

According to G. F. Schonbein, 1 and J. & Cr. de Marignac, ozone acts on silver, 
producing a black silver peroxide. A, Volta says that the action occurs only when 
moisture is present j no action occurs if ozone and metal he thoroughly dried. The 
reaction has been studied by W. Manchot and W. Kampsclmltze, and H. Thiele— 
trtde ozone. J, Schiel says that silver oxide likewise yields silver peroxide when 
exposed to the aotion of ozone, H. Erdmann found a soln. of ozone in liquid oxygen 
immediately blackens the inside of a silver vessel; the coloration clears off rapidly 
at ordinary temp. It is assumed to be due to the formation of a silver peroxide. 
A. Mailfert obtained bluish-black silver peroxide by the action of ozone on a soln. 
of silver nitrate or sulphate ; the product with the last-named soln. is the more 
stable. The peroxidation of silver chloride or cyanide is slow. E. Salkowsky 
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noted that in the presence of a small amount of alkali Hydroxide, a little hydrogen 
dioxide gives a black precipitate which becomes grey when more Hydrogen dioxide 
ie added. The precipitate is considered to be a mixture of diver and silver oxide. 
According to H* Marshall, a mixture of potassium persulphate, or, according to 
L> Cramer, ammonium persulphate and silver nitrate, first forms silver persulphate, 
AggSgOg, and this immediately decomposes producing black silver peroxide: 
Ag £ S a 0 B +SH 2 0=Ag 2 0 E +2H fi S0 i . M. G. Levi, E. Migliorim, and G. Broolini 
represented the reaction: 2Ag+K a S s 0 a +H a 0-^Ag a 0+K ie S04+Hi 1 804, followed 
by Ag 3 i0+H E S04=H 2 0‘fAg s S0 4 . From the anodic decomposition ourves of 
soln. of silver nitrate and sulphate, M, Bose concluded that die oxide isAg a O E . 
G. I. Higson regarded it as a mixture of peroxide and sulphate. N. Tarugi 
concluded that the product is the silver salt of Caro's acid: Ag^SO^; and 

C. Austin concluded that it is a mixture of silver peroxide and persulphate* 
The following method of preparation is given by P. C. Austin : 

Ten grams of silver nitrate dissolved in 100 o.n, of distilled water were added to a soln, 
of 30 grmfl. of potassium persulphate in a litre of water, at the ordinary temp, in a large 
separating funnel, the mixture being thoroughly shaken. The formation of the block 
precipitate, although not immediate, quickly followed. Owing to the difficulty of filtering 
such a sain., since the persulphate attacks filter paper, it was kept for about an hour, by 
which time the hulk of the precipitate had settled and could be drawn off. It was im¬ 
mediately shaken with distilled water, washed three or four times by decantation, and 
finally filtered and washed again. It was then spread out on a watch-glass and dried in a 
vacuum desiccator over sulphuric acid The drying was found to require several days. An 
analysis of the product shewed that it contained 21 per cent, of silver persulphate; 77 per 
cent, of silver peroxide; and 2 - fi per cent, of water. 

H. Marshall and J. K. H, Inglis represent the reaction in terms of the ionic 
hypothesis: 2Ag h ^-S a 0^2Ag T '+2S0 t . "When the cone, of the silver salt and silver 
peroxide is small m comparison with that of the persulphate, the speed of the per¬ 
oxidation may be represented by an equation characteristic of a unimolecular 
reaction, and therefore dCjdt=W , where C denotes the cone, of the persulphate. 
In the absence of oxidizable substances, Hydrolysis may occur with the formation 
of peroxy hydroxide, oxide, or a basic salt. Ammonia may be oxidized to a nitrate ; 
'iAgaOa+NH^ H-GH ^SAr-f-NO^'d-SHsO. The reaction with ammonium per¬ 
sulphate is eight times as fast at 60* as at 25°; and it is almost proportional to the 
cone, of the silver salt. Neutral salts retard the reaction, acids accelerate it— 
possibly in virtue of the consecutive reaction 2Ag a 0 a +4H=4Ag*-]-0 a -|-2H E 0. 
G. A. Barbieri found that silver oxide in alkaline soln. is partially peroxidized by 
potassium permanganate—more rapidly hot than cold—in accord with the reversibfe 
action: Ag z 0+2KMn0|+2Na0H^Ag202-t-K2Mn044-Na a Mn0 4 -{-H a 0 + E. Mulder, 
and E, R. Watson obtained it by heating silver praoxynitrate or peroxysulphate with 
water. According to R. Luther and F. Pokorny, when silver is oxidized in alkaline 
soln., say iV-NaOH, with a small current-density, silver oxide, Ag 2 G, Is at first 
formed quantitatively and reversibly; on further oxidation, it is changed quanti¬ 
tatively and reversibly to a higher oxide, Ag 2 0 E . The change Ag->Ag E 0 takes 
place at 1*72 volts {taking the hydrogen electrode as zero), the change Ag fi 0-*Ag 2 0 E 
at P40 volte, both at 25°, and no higher peroxide could be obtained in alkaline soln, 
G. Grube obtained silver peroxide in the electrolysis of alkaline soln. of potassium 
ferro- and ferri-cyanides with a silver anode; G, W. Morse in the electrolysis of water 
with a press, exceeding 140 volts; and F. Wohler, by the electrolysis of sulphuric 
acid ox a soln. of sodium sulphate with a silver anode. Vide silver peroxynitrate. 

According to G. A. Barbieri, a soln. of silver peroxide in cone, nitric acid does not 
reduce lead dioxide, manganese dioxide or potassium permanganate; nor does it 
give rise to hydrogen peroxide, and hence A. Ficeini would regand it as a higher oxide 
of silver, but not a true peroxide. This view is confirmed by the observation that 
when silver oxide is treated with permanganate in alkaline soln., it undergoes partial, 
oxidation to AggOg by the reversible reaction just indicated. The oxide Ag E 0 E 
is a weaker base than Ag a O, and its soln. in cone, nitric add is supposed to 
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contain argentic nitrate ,Ag(NOj) 2 , which k stable only in the present* of a large 
excess oi nitric acid with which it forms a complex salt. Argentous nitrate, 
AgNOjs dissolved in cone, nitric acid, acts as if it were a reducing agent towards 
lead dioxido and bismuth tetroxide presumably because thu argentous nitrate is 
oxidized to argentic nitrate. The oxidizability of silver salts in nitric acid solo, 
is supposed to explain the accelerating influence they exert upon certain oxidation 
processes. 

The formula Ag a O a j&usually taken to represent silver peroxide, but Gr. A. Buj-bieri 
used the formula AgO; and J, F. Heyes assumed that graphically the formula is 
Ag.O.O.Ag, or if oxygen bo tetravalent, Ag a : 0: (X According to E. It. Watson, 
silver peroxide is a groyisKblack powder, of ap t gr. 7'44, and it can be heated to 
100* without decomposition, but it decomposes at higher temp, into its elements ; 
P. C. Austin’s product exploded, at 110°. F, Streintz measured the electrical coi^ 
ductivity of silver dioxide. 0. F. Schbnbuin and E. R, Watson found that the 
peroxide dissolved in cone* nitric acid to a dark brown liquid which was stable or 
decomposed very slowly in the cold, but gave off oxygen when heated and the soln, 
was decolorized ; when the nitric acid soln, was diluted with water the silver peroxide 
was rc-prccipit&ted \ the peroxide is scarcely affected by cold dil. nitric acid : 

The brown soln. of eilvor peroxide in cone, nitric acid is assumed by G. A. Rarbieri to 
contain ailver dtmtTaU, AgfNO,),* with silver bivalent. The salt id readily hydrolyzed, 
and stable only in the presence of fin excftu* of nitrate iuns ; ho also showed that a 1 per 
cent, soln* of silver nitrate in nitric acid of ap. gr. J l 4 13 oxidized at — 10 g by lead dioxido 
nod more rapidly by bismuth tetroxido, RijO*, to form silver dimtrate. E. It. Watson 
writes the formula AgitNO,)^ 

E. E. Watson found the peroxide dissolves in hot, dil. sulphuric acid, giving off 
oxygen, and forming silver sulphate; M. Traube likewise found it to dissolve in 
sulphuric acid with the formation of silver sulphate. E. 0. Franklin and C, A. Kraus 
found silver peroxide is insoluble in liquid ammonia. K. R. Watson assumed the 
reaction with aq. ammonia is represented by the equation : 6Ag s 0 3 -|-liNH 3 =H'jAg 4 (>^ 
g. Mulder found silver peroxide eatalytieally decomposes hydrogen 
peroxide. L, Cramer, and E, Salkowsky, studied the action of silver peroxide on 
gum arabic, gelatine, etc. R. Keinpf found silver peroxide to be an energetic 
oxidizing agent for organic substances; and it completely oxidizes ammonia to 
nitrogen very quickly. 

M, Eurtkolut a austumod that ttUver ewyuwzidv, Ag a O a> is formed as an intermediate 
product in the e&talytiu action of silver on hydrogen poroxido ; and A, Loduo and 
M. L&hruuule afitiuraod Llmt it is formed as a block dust on tho silver anode, without the 
evolution of gas* during the electrolysis of a dear* freshly prepared soln, of silver oxide. 
It. Luther and F. Pokorny boliovo that F. Wohler’s peroxide, and E. Mulder's ^jeroxynitrata 
fov.), an* a&BontjalJy silver sosquioxido, with more or luna absorbed silver salts, Thnno 
products were obtained with acid electrolytes : SAg-^AgjUi; if the electrolyte ha alkaline, 
silver peroxide ig formod: Ag,0*->Ag a O a at P67 volts. In acid soln., iho flesquioxide is 
decompiled directly into silver by electrolytic reduction ; and conversely sdvor can bo 
oxidized directly to tho yesquioxido. 
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S 13. Silver Fluoride 

A. Guntz prepared what he regarded as eilvw subfluoride* Ag a F, by electrolyzii^ 
a eat. sain, of silver fluoride with silver electrodes and a strong current. If the liquid 
is allowed to become hot, silver is not deposited, but bronze plates are deposited 
at the cathode. These crystals* though mixed with some silver fluoride* contain 
less fluorine than normal silver fluoride. In dil. soln. with 6 volts and 2 amps,* or 
with 24 volts and 5 amps, whereby the soln. is heated* or in cone, eoln, with 6 volts 
and b amps.* L. Yanino and P. Sachs 1 obtained silver deposits alone* but* says 
A. Guntz, a dil. eoln. at all temp, furnishes silver alone* a cone- soln. over C0° is 
needed for the formation of silver subfluoride, and* adds K. Eisenreich* when 
82V-aofo, of silver fluoride are used the anode no longer dissolves, but becomes 
coated with silver subfluoride* Ag 2 F. K, Eieenreich also observed the formation of 
silver subfluoride when the light from a mercury quartz lamp acts on soln. of silver 
fluoride, A. Guntz also found that if finely'divided silver be heated with a warm 
soln, of silver fluoride in a sealed tube, the liquid becomes yellow above b0**and if the 
temp, does not exceed 00°, all the silver is converted into a crystalline powder 
resembling brass filings. H. Moissan also made the same aalt by leaving silver foil 
in contact with an aq. sob- of silver fluoride, L. Wohler and G. Rodewald prepare 
silver subfluoride in the following manner ; 

A soln. of 6 gmis. of silver nitrate m 250 c.c. of water with alight oxcesw of ammonia 
is trailed with 2 or 3 c.0. of formalin with constant stirring. The metal is precipitated when 
the liquid ie allowed to stand at the room temp.; it ie washed cold, by decantation, and 
preeyed between filter paper—about 3 grins, of silver are so obtained. Again, 17 grma, of 
silver nitrate in 100 c.o, of water is treated in the cold with sodium carbonate; in this way, 
the formation of sparingly soluble oxide* is prevented. The precipitated carbonate iy 
washed, and then dissolved in hydrofluoric acid* and the soln. cone, on a wator-bath and 
filtered. The resulting liquid contains the oq. of about 4 grins, of silver* and it is mixed 
with the pressed silver previously prepared* and evaporated on a water-bath with constant 
stirring until the bronste-grecn crystals of silver fluoride and the yellowish-brown crust of 
silver fluoride begin to form The liquid is filtered hy filiation through a filter tube, dosed 
with a stopper fitted with a calcium chloride tube, and washed 4 or 6 times with 1 to 2 c.c. 
of absolute alcohol, then with absolute ether. Thy thin surface layer of solid in rejected, 
and the compound is dried in vacuo over sulphuric acid for a couple of hours, and then 
preserved in a sealed tube. 

The octahedral crystals are a golden-yellow colour, and unlike the other silver 
halides* the crystals are not sensitive to direct light; a press, of 20*000 atm. is 
without influence, Thu crystals are decomposed hy water with the development of 
heat; AgF+Aq.=3*4Cals,; andAgaF-fAq.^AgF^-fAg+S'TaCaki SAg^+Fgu 
—AgjF^+Sfi'S Cals.; not 24*9 Cals, as A- Guntz stated* and therefore Ag*q, 
+AgF(n I .=Aga® l wiw fc 0 , 7 Cal. The crystals do not alter in dry air* but in moist 
Air they decompose, A little water continues decomposing the salt until the soln. 
contains 64*5 per cent, of silver fluoride. With sodium, chloride* it is decomposed 
into silver and silver chloride and fluoride* L. Vanino and P. Sachs have expressed 
the opinion that the alleged silver subfluoride is a mixture of normal silver fluoride, 
with silver or silver oxide in varying proportions* claiming that (i) under the micro¬ 
scope the former appears as a transparent mass* in which the latter is scattered in 
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black spots; (ii) after treatment with water, the ratio of soluble to insoluble silver 
is aa 1:4 to 1: 5* whereas silver fluoride requires a ratio 1:1; and (iii) the total 
silver in the alleged subfluoride varies in quantity. According to L. Wohler and 
G. Rodewald, silver fluoride is very easily decomposed by water, and the influence 
of atm. moisture is the source of the difficulties which are found in accepting the 
evidence of the individuality of this product. If a little silver fluoride be placed on 
a filter paper supported on a clay triangle, over a glass dish with a few drops of water, 
and all be covered by a bell-jar, decomposition is evident after the elapse of 5 minutes, 
and all is completely decomposed in 25 minutes: Ag 2 F=Ag+AgF. The transition 
point in an atm. of nitrogen or carbon monoxide for Ag a F^AgF-f Ag is 90°, above 
this temp, the reaction passes as symbolized from left to right; and below 90°, from 
right to left. This reaction represents the case of a solid dissociating iuto two other 
solids; the decolorization which attends the transformation is completed in a few 
minutes at 110 D -11D 5 ; tho transition temp, in contact with a sat. soin. of silver 
fluoride also occurs at 90°. Unlike silver fluoride, silver subfluoride is insoluble in 
absolute alcohol and in absolute ether. It is virtually insoluble in acetone and 
xylene, while pyridine decomposes it into silver and silver fluoride. 

Tho preparation of silver fluoride, —H. Moisean^ showed in 1891 that metallic 
silver is but slowly attacked in tho cold by fluorine gas; at 100” the attack is faster; 
and at a red heat, the two elements react with incandescence. J. L. Gay Lussac and 
L. J. Thdnard reported in 1811 that silver is not attacked by hydrofluoric acid, and 
that silver fluoride is obtained when a sola, of silver oxide or carbonate in hydro¬ 
fluoric acid is evaporated to dryness, J. J. Berzelius, and G. Gore prepared silver 
fluoride in this manner, but H. Moissan pointed out that the product always contains 
some reduced silver and silver oxide. He therefore recommended dissolving freshly 
precipitated silver carbonate in silicon-free hydrofluoric acid, and evaporating the 
liquid over a free flame until crystallization begins, and continuing the evaporation 
to dryness on a sand-bath with constant stirring. The black pulverulent mass is 
dissolved in water, filtered, and evaporated in darkness in a platinum dish, in vacuo, 
over cone, sulphuric acid. Dork brown crystals of the anhydrous salt form as a crust 
on the surface, while octahedral crystals of the hydrated salt form on the bottom oE 
the diah. Good yields arc obtained if tho hydrofluoric acid is pure, and glass vessels 
are not employed since gloss is attacked. 

According to E. Fremy, the neutral or slightly alkaline soln. gives on evaporation 
in vacuo either small yellow cubes or colourless tetragonal pyramids of hydrated 
silver fluoride, AgF.H^O. J. 0. G. doMorignae gives the axial ratio a : c—1 : 
for AgF.H 2 G, The particular form of the crystals depends on the temp. Accord¬ 
ing to A, and A. A. Guntz, on evaporating in a vacuum at 10° a neutral soln. 
containing 120 grins, of silver fluoride in 100 gnus, of water and suitably seeding 
the liquid, colourless, transparent crystals of tetr&hydrated silver fluoride, 
AgF.4H 2 0, m.p. 18 5°, were obtained, having at 13“ a heat of soln,—4 03 cals. Balow 
18'5° this is the only hydrate stable in neutral soln. A soln. containing 170 grms. of 
silver fluoride allowed to crystallize between 18 p and 38° gives deliquescent prisms uf 
dihydrated silver fluoride, AgF.SH^O, m.p, 42* decomposing to the anhydrous 
fluoride. Its heat of soln. is —15 cals, at 10°. The* presence of hydrofluoric acid 
lowers the transition temp, of AgF, 4H a G to AgF, 2H^ O, 6 5 per cent, of acid lowering 
it to 0*. On evaporating a neutral, sat. soln. of silver fluoride at 26*-36°, hard, 
highly refractive, slightly yellow, deliquescent crystals are obtained of a mono- 
hydrate, AgF,H|0. The heat of soln, of thia hydrate is 4-G’85cal, at 10°. By repeat* 
ing this crystallization at the ordinary temp, there is formed round each nucleus of 
the monohydrate, voluminous, colourless rosettes of a hydrate, SAgF.^HgO. Both the 
latter forms ore unstable in the presence of crystals of AgF,2H 2 0, giving this hydrate 
and anhydrous silver fluoride; if the cone. aq. soln. be allowed to stand some 
time colourless prismatic crystals of dihydrated silver fluoride, AgF,2HgO, appear. 
The hydrates are very deliquescent, ana all of them lose all their combined water 
in vacuo. According to E. Frimy, if the hydrated salt be dried in vacuo, the whole 
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of the water and some hydrofluoric acid is evolved, and the remaining ydlow 
amorphous mass is contaminated with some oxyfluoride* A, and A* A. Grunts 
prepared the ealt by evaluating a sob. of sliver with 5 per cent, of hydrofluoric 
acid in vacuo, L. Pfaundler showed that by heating t he hydrated salt to 321°, 
it loses about 0'5 per cent* of fluorine as hydrogen fluoride; and if heated in & 
covered crucible to its m.p, some hydrofluoric acid also escapes with the water, and 
no more is lost if the fluoride bo heated up to 960 & . 

Ilia properties of silver fluoride.—Silver fluoride fo$pis a yellow or yeJWish- 
hrown mass- The various reports as to tho colour of silver fluoride are not very 
consistent; the pure salt is probably colourless and the observed colours arc due to 
admixtures of very small quantities of, possibly, colloidal silver, or silver oxide, The 
brown colour, say L. Vanino ami P. Sachs, 11 is due to the presence of silver oxide. 
The amorphous powder, which is yellow at 0°, becomes orange at 25 & , Ruby-red 
cubes are obtained, according to A, and A, A, Guntz, by evaporating a soln* of silver 
fluoride in 5 per cent, hydrofluoric acid in vacuo. According to G. Gore, its sp. gr* 
is 5 852 (IG'5 1 "); and, according to H. Moissan, it melts at 435°, forming a black liquid 
which, according to 0, Unverdorben, solidifies to a black horn-like mass when rapidly 
cooled, and a crystalline mass with alow cooling. The horn-like variety cannot be 
powdered by pulverization, but, says L, Pfaundler, it can be cut with the scissors. 
The molten fluoride attacks silver crucibles, and slightly attacks platinum. The 
heat of formation from its dements is, according to M, Guntz, Ag aC ,M-f-F WM 
—AgPjaUj-(- Jib'd Cals.; Ag 2 0+2HF B9S —SAgF+H^Oj^.-^ti Cals. Further, AgF 
-f SH^O=AgF. 2H 2 0 -| - A 9 Cals*; AgCl+HF=12U Cals.; and for iAg 2 S0 4 +HF 
=$'2 Cals. The heat of hydration : AgF+2H s 0—4'9 Cals,; and the heat of eoln. 
of dihydrated silver fluoride in a largo quantity of water at 10° is 15 Cals., while for 
the anhydrous salt at 1G°, the beat of soln* ]s -|-4'3 Cals, The molten salt conducts 
electricity like a metal without the development of a gas* According to L. Vanino 
and P. Sachs, the metallic conductivity is due to the presence of metallic silver 
formed during the melting of the salt. Silver fluoride is readily soluble in Water¬ 
loo grms. of soln* at 15'& y lias 64 1 8 gnus, of salt, and the sp. gr. is 2GI* The great 
increase in the solubility of silver fluoride which L. Wohler and G, Rodcwald 
observed at about 50“, is probably due to the transition from tho hydrate AgF.21I 2 G 
to the anhydrous salt. The aq. uoln. has a neutral reaction* The comparatively 
high solubility of silver fluoride is in marked contrast with the low solubilities of the 
other three silver halides. Silver oxide dissolves in a sob. of silver fluoride probably 
forming complex ions, [Ag s OH]% together with tho FMons, L. Pfaundler ali) 
noted the apparent formation of silver axyfluorido, AgF.AgQH, by tho evaporation 
of neutral aq. rob., or by melting the ealt in imperfectly dried vessels. These 
oxyfluoridee are probably mixtures of silver fluoride with some oxidized salt. Under- 
coolcd rob. are readily formed, and on electrolysis, silver is deposited on the cathode, 
uud oxygon is evolved at tho anode* S, Tanatar obtained what he regarded art 
Silver peroxyflnoride, 4Ag 3 0 4 .3AgF, by the ebetrotysis of an aq. rob. of the fluoride ; 
it decomposes when heated with the evolution of oxygen, and, when digested with 
water on a water-bath, and washed with hot water, furnishes another peroxy fluoride, 

£AgA*AgF* 

The electrical conductivities of aq. rob. of silver fluoride have been determined 
by ft. Aflegg and C* Xmmcrwahr. For l , 21JV'-aoln* tho conductivity at 18° is 
A=G0639, and a, tho ionisation, 53 per cent*; for 0 + 2117V-sob,, A=0 l 0812, and 
a, 80 per cent*; and for 0 l Ql31tf-solm, 0955* a=94 percent. The numbers 

are very close to the corresponding values for silver nitrate. The calculated value 
of A b is 0 0116, but for very dil soln.-0 , 005t6iV-to0'000G16^‘‘ —the conductivity 
is greater; this is taken to mean that the solute is hydrolyzed* A. Heydweiiler gives 
tho Bp. gr, at 18° (water at 18 & unity) fbrQlOOltf-roln., T01280; O'SCllOiV-, 102566; 
0'4034tf-, FO5067 ; G8044tf- T 110018; 1-684^, 119604 ; and S'136tf-, 1*38206; 
He also gives the indices of refraction of sob, at 18° for sodium light for O'lAT-sob., 
^=133465; dispersion for Hy and H a =1035; tf-soln,, p=134G&3, dispersion, 
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0 942; and lor 3iV-soIn., 1 36703, dispersion, 0'844. Silver fluoride, says 
Q* Gore, does not dissolve in alcohol. According to E. Paterno and M. Cingolani, 
aq. soln, of silver fluoride are bactericide*, and under the trade name tacApo/ they 
recommend it for disinfecting drinking water and, according to JL Pigorini, very 
dil. soln, exercise a toxic action on fish. 

G. Gore reported that dry silver fluoride is not altered in dry air on exposure to 
light. Under the influence of the light from a mercury quartz lamp, soln. of silver 
fluoride are decomposed ^ith the formation of silver sublltioride and silver peroxide. 
When fused, silver fluoride is attacked by moist air with the formation of silver; the 
vapour of water also reduces it at a dull red heat, 4AgF-|-2H 2 0 ~4Ag-|-4HF-b0 2 . 
This reaction is taken to explain how silver fluoride prepared under ordinary coir- 
ditions is contaminated with, metallic silver. If hydrated silver fluoride, AgF.H^O, 
be dried in a vacuo or in a stream of dry air at ordinary press, until the salt becomes 
yellow, the residuo contains silver oxytluoride, AgF.AgOH. Silver hydrofluoride 
is formed when a soln. of silver fluoride in hydrofluoric acid is cooled. The crystals 
have the composition of silver trihydroiluoride, AgF t 3HF, or HgAgF^ and they 
readily dissociate in air. G* Gore, and E, Fr6my also noted the formation of acid 
fluorides, the latter by crystallization of a soln. of silver fluoride, in an excess of 
hydrofluoric add ; the former hy the action of the gas on the dry fused salt at LT\ 
Hydrogen in the cold acts neither on the dry salt nor on Aq. soln. in darkness or in 
light; but at a red heat, the fluoride is completely reduced. Many investigators 
—K Fremy, H. Davy, G. Aime, and fj. .1. and T. Knox have attempted to prepare 
fluorine gas by the action of chlorine on silver fluoride, G. Gore found that between 
15° and 110°, chlorine superficially attacks the fluoride very slowly, forming, in 
platinum or gold vessels, double salts of the chloride of these metal* with silver 
fluoride— e.g. PtCl 4 .AgF ; with a graphite vessel, carbon fluoride is formed ; vessels 
of glass, cryolite,or fluorite arc attac ked by molten silver fluoride* In soln., oxygen 
is evolved ; ItiAgF+BCI 3 +8H 2 0 ^I4AgCl+2AgP]Q t +1.6HF-b0 2t Bromine acta 
like chlorine, and fcho action of iodine has been studied by L. Pfaundfer, H. Kammrrer, 
and G. Gore—iodine pentaehloride is formed. Dry hydrogen chloride also dccom- 
poses sliver fluoride at a red heat; bromic or iodic acid gives a precipitate of silver 
bronmte or iad&tc, but chloric acid has no action. Nitrosyl chloride, N0C1, was 
found hy 0. Rufl and K, Stiiuher to form nitresyl fluoride, NOP, at £00°-25U y . 
G. Gore and H. Moisaan have shown that the vapour of sulphur chloride gives sulphur 
fluoride and silver chloride and sulphide ■ phosphorus pcntachloride gives silver 
chloride and phosphorus pentafluoride; and phosphorus trichloride, phosphorus 
trifluoride ; phosphorus oxychloride gives phosphorus oxyfluoride; the carbon 
chlorides at a red heat give silver chloride and wirtioii fluoride; silicon chloride 
gives silicon fluoride; boron trichloride gives boron trifluoride ; sulphur at a rod 
heat gives silver sulphide and sulphur fluoride ; sulphur dioxide has no action* 
Fused silver fluoride at a red heat does not attack carbon, but it reacts explosively 
at ordinary temp, when triturated with boron—the mixture becomes incandescent. 
L. Pfaundler say's silver fluoride has no action on boron, Silicon also reacts violently 
with silver fluoride, forming silicon fluoride, ami silver ; if the reaction takes place 
in a soln. of silver fluoride, the precipitated silver is crystalline, Silica and boric 
oxide reduce silver fluoride at a red heat. When heated in a current of eoal gas 
silver fluoride gives silver, hydrofluoric acid, and carbon tetrailuoridc ; with carbon 
disulphide, silver sulphide and carbon tetrafluorido are formed; cyanogen reduces 
solid silver fluoride at a dark red heat, and a soln. of that salt is reduced by the same 
gas oold. Hydrogen cyanide behaves similarly. When triturated with calcium 
hydride, the mass becomes incandescent, forming silver and calcium fluoride. 
F, VaJentiner and A. Schwarz found iodoform to be converted into fluoroform and 
silver iodide, or, according to M. Meslens, into a double compound, AgF. Agl. G. Gore 
analyzed silver fluoride by heating a known weight with an excess of lime : 4AgF 
-h2Ca0=2CaF 2 -f4Ag4'0 J! . According to G. Gore, dry silver fluoride absorbs 
844 vela* of ammonia, hence the product very nearly corresponds with allTff 
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ammfinofloorida, AgF.NRj. E. C. Franklin and C. A, Eraus found silver fluoride 
to be slightly soluble in liquid ammonia. G. Brum and G, Levi prepared the silver 
ammino-fluoride, AgF^NH^SHaO or SAgFANHa-BH^O. Molten silver fluoride is 
decomposed by ammonia gas, B. Griitener obtained white necdle-Jike crystals of 
hydrated diammonium argentofluoride, 2NH4F.AgF.H3O, or (NH^AgFg.^O, 
by cooling a soln. of freshly precipitated and moist silver oxide in a cold cone, 
aq, sola, of ammonium fluoride, E. B6hm, in his Zur KenrUnis der Fluoride 
(Giessen,1906), also described the preparation of colourless needles of the complex 
salt 15NH<F,AgF.4H a O, 
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§ 14. Silver Chloride 

Small quantities of silver chloride occur in nature as horn silver, chlwargyrtie, 
cerunjyrtit, or herarflifrite— from nepas, horn—in various parts of the world notably 
in Chili and Pern; it has been reported ia Nicaragua, Honduras, Norway, Alsace, 
Cornwall, Brittany, Freiberg, etc. 1 An earthy variety at Andreasburg (Hara) is 
called BuUerinitcherz, It usually occurs in veins of clay alate, accompanying other 
silver ores; and also associated with iron and copper calcite, barite, etc. 

There can be little doubt that silver chloride was known in the time of Pliny 
for, in his Historic naiuralis (33* 25), he refers to operations in which this compound 
must have been formed. Geber also, in his Sttwma ferfectimis magister «, describes 
its coior miTo&tfw. W. Fabricius, in his De refrw metaftiew (Tigurij IB65), refers 
to the colour, translucenoy, and fusibility of the mineral horn silver, but there is 
nothing about the change of this compound in light. 0. Croll, in his Baktica chymca 
(Frankfort, 1609), described the preparation of silver chloride. A. Libavius stated 
that the resulting chloride weighed less than the silver used in its formation, but 
both R. Boyle and J. Kunctel contradicted this assertion. The latter, in his Voll* 
standiges bboratorium t&ymmn i (Berlin, 1716), said that n in ^ cornea, 12 loth of ^ 
retain from common salt, 4 loth of terra and salt,” otherwise oppressed: 12 parte 
of silver form 10 parte of common salt, a result which is very close to toe best 
determinations of to-day. A. Libavius describes, in bis Ahhemia (Frankofurti, 
1585), bow he precipitated silver chloride by adding a solm of salt to one of a silver 
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salt; and “ Basil Valentine ,s said the same thing : “ common salt precipitates V* 
J, B. Porta, in his Magia noturalis (Naples, 1549), mentions the fusibility of this 
compound. Mediaeval chemists called the precipitated silver chloride be argenti ; 
the fused product was called luna cornea or horn silver. J. R t Glauber, in his Furnis 
novaphibsophida (Amatelodami, 1648),Tefers to its solubility in ammonia, R. Boylo 
specially commented on the blackening of white silver chloride by exposure to the 
air ; and in his Eatperimenls and observations on colours (London, 1663), ho said : 

Having dissolved good silver m aqua forli *, and precipitated it with spirit of salt^ upon 
first decanting the liquor, the remaining matter was purely white; but, after it bad lain 
awhile uncovered, the j>art of it that lay contiguous to the air, not only lost ite whiteness, 
but appeared of a very dark, and almost olockish colour; but if tho part that was contiguous 
to the air were gently taken off, the subjacent part of the same maw would appear very 
white ; till that also having continued a while exposed to the air would likewise? degenerate. 

R. Boyle attributed the darkening to tho presence of air; it required almost 
another century to find that light alone produces the effects observed by K Boyle, 
J. H. Schulxe a is regarded as the discoverer of the sensitiveness of silver salts to 
light, for, in a paper entitled : Scotopkorux pro phosphor?, inventus wit experimenlum 
curtosum de effect# rttdiorum xobrinm, he specially states that when a soln. of silver 
in nitric acid is treated with chalk, the precipitate is darkened on the side exposed 
to light, and he proved that this effect is produced by light, but not by heat, 
C, W. StiheeLe, also in his essay Aeris atqite ifjnix emwen ckem&uni (Upsaln, 1777), 
further commented upon tho darkening of silver chloride in light; and by exposing 
paper impregnated with stiver chloride to different parts of the spectrum, he further 
proved that this compound is blackened far more quickly by the violet rays than by 
the other coloured rays, and be attributed the phenomenon to the greater readiness 
with which the violet rays parted with their phlogiston. 

Dry hydrogen chloride produces varying colours from violet-red to violet-black 
when it is passed over silver fluoride, and, according to A. Gunta, 3 some silver 
subchloride, Ag a Cl, is formed, but the transformation is incomplete; on the other 
hand, silver subfiuoride is completely transformed into the subchloride by the 
action of silicon or carbon tetrachloride, or phosphorus trichloride. The violet 
pruduct blackens in a few days without losing any appreciable amount of chlorine. 
II, Vogel also prepared it by the action of silver nitrate on cuprous chloride. The 
heat of the reaction is 2Ag+Cl^-AgnCl+29'7 Cals., while the reaction Ag+Cl 
—AgGl-f-29‘2 Cals. A similar difference is observed in the case of the two fluorides. 
Tt also follows that the hypothetical reaction: SAgCl —Ag 2 Cl-|-Cl, absorbs 287 Cals, 
Silver aubchloritle is decomposed by heat into silver chloride and silver ; dil, nitric 
acid has no action, but the cone, acid, especially if warm, gives silver chloride, 
AgCl, and a mixture of different colours, A soln. of potassium cyanide 
rapidly dissolves the subchloride, forming silver and silver cyanide: Ag 2 (l 
‘f KOy-Ag+AgCy+KCl. E, von Bibra reported the formation of a black powder 
of s&i*r iritelritachloride, Ag 4 CI 3 , by the action of hydrochloric acid upon silver 
Rubcitrato obtained by heating silver citrate to 100° in a stream of hydrogen until 
its weight was constant—7 to 8 hrs. According to 8, B, Newbury, the supposed 
silver subcitrate is a mixture of metallic silver and unchanged silver citrate, and 
E. von Bibra’s product is thought to bo a mixture of silver chloride and silver, ^ 

The preparation ol silver chloride,— Silver is slowly converted into the chloride 
when exposed to the action of chlorine gatf ot chlorine water. If chlorine gas be 
passed into a bottle loosely packed with silver foil, when the air is displaced, and the 
bottle is closed, tho silver is quickly converted into chloride without shrinkage or 
changing it# form. J, 8. Stas * prepared this salt by passing purified chlorine over 
the purified metal heated in a tube of hard glass. R. Cowper, and V. vop Cordier 
showed that if tho reagents be quite dry, there is no reaction. The reaction is faster 
in light than in darkness. Chlorine gas precipitates silver chloride from soln. of 
silver salts with tho formation of some silver hypochlorite which decomposes im¬ 
mediately into silver chlorate and chloride. C, Weltrien found with silver nitrate, 
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five-sixth* of the silver was precipitated as chloride, and one-sixth formed a soluble 
chlorate, Free chlorine, said J, J, Berzelius, displaces bromine or iodine from warm 
silver bromide or iodide respectively. L. Bruner and Eh Bekior found iodine 
chloride* ICI, transforms metallic silver or silver iodide into the chloride. Dry 
hydrogen chloride converts silver into hydrogen and silver chloride, and conversely, 
silver chloride -with hydrogen form silver and hydrogen chloride. J. B. J. D. Bous- 
singault showed that the reaction is reversible—Fig. 8, Cap* XVIII According 
to A* Potilitxin* the reaction between silver and hydrogen chloride begin* at 150* 
and, according to A. Jouniaux, at 400°, If the gas bo dried R. E. Hughes found very 
little action. J* L. Proust found that silver chloride is superficially attacked by 
hydrochloric acid and a small proportion dissolves, while M. C* Lea says the metal is 
not attacked by an acid of specific gravity 1 30. N. W. Fischer showed that if air acts 
simultaneously with the acid (ap. gr. 120} much silver ia dissolved in, say, eight days, 
and the addition of water precipitates silver chloride from the soln. C. W, Schoele, 
and Fh T. Sonneschmid also showed that the attack is much hastened if oxidizing 
agents—arsenious acid, manganese dioxide, or copper sulphate or chloride—bo 
present. Silver oxide forms silver chloride when treated with hydrochloric acid, 
and G. Wctzlar found that soln. of the alkali chlorides convert silver oxide Into silver 
chloride and alkali hydroxide. Hydrochloric acid also converts soluble silver salts 
and many insoluble^ silver salts into silver chloride, but not so with silver iodide 
or bromide. The usual method of preparation is to add hydrochloric acid or a 
soln, of sodium chloride to a sob. of silver nitrate, and well wash the precipitate 
away from violet light* If a few drops of a chloride be added to an ammoniacal 
soln. of silver nitrate, G. Carlo found that silver chloride free from ammonia is 
precipitated. E. Finzi also found that the precipitation of silver chloride by adding 
mercuric chloride to a soln. of a silver salt is not quantitative; a part of the silver 
remains in sob., as a complex silver-mercury salt. 

Tile velocity of formation of silver chloride, when soln. of silver nitrate and sodium, 
potassium or ammonium chloride are allowed to mix by diffusion, has been investi¬ 
gated by K. Jablcaynsky, B. L, Vanzetti* O. Scarpa, L. Kolia, and T. Paul; while 
T. W. Richards and R. C. Wells have shown how difficult it is to precipitate silver 
chloride without the occlusion of other substances which cannot bo removed by 
washing. W. L. Hardin recommends for the preparation of highly purified silver 
chloride what is virtually the following process: 

Purified silver ie dissolved in hoi dih nitric acid, and the soln. cvaj>oratcd to dryness, 
fused, and heated until nitrogen oxideu commence to bo evolved. The cold mass jb dissolved 
in the possible quantity of water, and allowed to stand 24 bra. Tho sob. is then 

filtered through a double filter paper, and diluted with 30 times its volume of water. An 
excess of hydrochloric acid ih added, ami tho precipitate after it has settled is washed by 
decantation first with dd. hydrochloric acid, and then with water. Tho precipitate is 
collected on a JJuchner funnel, dried, finely powdered, and digested three days with aqua 
regia. Tho product is then thoroughly washed by decantation and dried. 

According to H* Rose, silver is converted into chloride by tho action of sodium 
chloride at a red heat, and this the more rapidly, the finer the state of subdivision 
of the metal* According to C. F. Plattner, the reaction ia not hastened by tho 
addition of feme or cupric oxide; but, according to H. Rose, mangane&e dioxide 
does accelerate the reaction. The action of sodium chloride on a mixture of 
silver and gold is the basis of the so-called cementation process for the separation 
of those metals. Soln, of sodium chloride, exposed to air, slowly attack silver, 
forming silver chloride and sodium hydroxide, and J* L* Proust found that after 
some years’ exposure to flea water* some silver cobs were transformed into chloride. 
A. J, Balard found gaseous chlorine monoxide, or aq. sob, of hypochlorous acid, or 
the hypochlorites, transform silver into chloride; phosphorus pentachloride, says 
H. Goldschmidt* reacts Pd*+3Ag=2AgCl+PCl s . When silver sulphide ia heated ’ 
in chlorine gas or roasted with sodium chloride, silver chloride is formed. With a 
eob. of cupric chloride* mixed with sodium chloride, silver and cuprous chlorides 



SILVER 


393 


are formed which remain in soln.; lead chloride forms lead sulphide and silver 
chloride. C, W. B, Normand and A. C. Gumming found silver thiocyanate to be 
incompletely converted into chloride by hydrogen chloride—ammonia, and sul¬ 
phuric, and hydrocyanic acids were simultaneously formed J, Kablukoff found 
the alkali halides convert molten silver nitrate almost completely into silver 
halide. Carhon tetrachloride react* with silver at 250°, and a soln. of chlorine in 
carbon tetrachloride at ordinary temp, forms silver and carbonyl chlorides. 

Colloidal silver chloride. —According to R. Ruer, 6 if a CK)Q2A-HC1 be treated 
with O'lV-AgNQa, no precipitate is formed, but a bluish opalescence appears; 
after standing half an hour, the soln, is turbid ; and in 24 hrs. a precipitate has 
settled on the bottom of the vessel. A. Lottermoser and E. von Meyer obtained 
colloidal silver chloride by the action of a soluble chloride on colloidal silver. 
C> Paal and F. Voss made it by first precipitating colloidal silver oxide by mixing 
soln, of sodium hydroxide and silver nitrate, then treating the product with an 
alkali chloride soln. 

Properties of silver chloride, -Precipitated silver chloride, dried at 100°, is a 
white, flocculent, ot curdy, non-crystalline, anhydrous solid, F. Kuhlmann 7 pro* 
pared an imitation of horn silver by filling a flask quite full with a soln. of silver 
nitrate, and closing the flask with a porous stopper, and placing the whole under 
hydrochloric add. Masses of horn silver are slowly formed about the stopper. 
H. Debray obtained crystals of silver chloride by repeatedly heating and boiling 
silver chloride with a cone. soln. of silver nitrate or mercuric nitrate. Accord¬ 
ing to P. Growth, the crystals arc hexakifioctahedrA, A. I\ H, Trivelli and 
8. E. Sheppard say dyakisdodecahodra, belonging to the cubic system. The slow 
evaporation of the ammoniocal soln, in darkness furnishes white octahedral crystals, 
A. Ditte obtained the crystals by slowly cooling the soln, of the salt in hydrochloric 
acid. K, Haushofcr, 0. Lehmann, A. Strong, and H, Behrens studied the crystals 
of silver chloride. W. Reinders studied the precipitation of silver chloride in the 
presence of protective colloids. He showed that silver chloride crystallizing in 
the presence of various colloids— e,g, colloidal silver, gelatine, albumen, casein, etc. 
—has the capacity of taking up and homogeneously distributing these colloids 
in the crystals; with gelatine the effect was noticeable with cone, as low as a 
mgrm, of gelatine in iQ litres of water, P, Debye and J 1 . Scherrer, A. W. Hull^ 
and R, B. Wilsey have studied the X-radiogram of silver chloride. The lattice 
presents the simple cubic arrangement with a cubo edge 2'78 A., and the distance 
of the nearest atomic centres 2 78 A. 

The specific gravity determined by C, J. B. Karstcn a is G'501 before fusion; 
G Gfi7i after blackening in sunlight; and after fusion, 54582. G. F. Rmlwell gave 
5505 (f> & ). The ep, gr, of the wait which has been fused ranges from J, L. Proust’s 
5'4548 to H. G. F. Schroder’s 5 + 504. F. Mohr says the sp. gr, is the same after 
precipitation, after standing in the mother liquid for some time,and after heating 
to 100 D . According to G. F, Rodwell, its sp. gr. steadily increases from its fusion 
point down to —60 s . G. F. Rodwell gave the sp. gr. of the molten salt as 4'919 
at 451°; and G. Quincke, 5 l 4. The mean of I. Domekyo’s values for native silver 
chloride, horn silver, is &'37. P. Walden, and F. A. Henglcin studied the mol 
Vol. of the silver halides. 

The values reported for the mating point range from G, F, Rodwell’s ® 450° to 
W, Ramsay and N. Eumorfopouloa 1 460°. The best representative value is 456°. 
Before melting, the salt is yellow, after melting it forms a transparent viscid orange- 
yellow liquid, and when cooled, forms a colourless translucent horn-like mass. 
H, Sfcolzenberg and M, E. Hufch have studied the formation of anisotropic liquids or 
liquid crystals during the freezing of molten silver chloride, C, Sandonnim found 
that the f.p, curves of mixtures of lithium and silver chlorides give mixed crystals of 
two kinds with a gap between 16 and CO gram-mol. per cent, of silver chloride; with 
sodium and silver chlorides, C. Sandonnini and P. C, Aureggi found that there is a 
continuous variation in thef.p. from silver chloride to sodium chloride, showing that 
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an unbroken aeries of mixed crystals of the two salts is formed without a minimum 
in the freezing curves. E. Jauecfce has followed the whole course of the r( nnmixmg " 
of the mixed crystals when the molten mixtures are cooled. The crystals under the 
microscope appear to he homogeneous, and those crystals with up to 11 per cent, of 
silver chloride, as in the mineral huantajayite, dissolve in water, leaving a curdy- 
residue. S, F, Sohemtschuschny found silver and potassium chlorides form a typical 
V-curvo with the eutectic at 306°, and 60 gram-mols. per cent, of silver chloride; a 
similar curve is obtained with silver and rubidium chlorides, and 0, Sandonnmi and 
P. C. Aurcggi give the eutectic at 251“ with 60 gram-mols. per cent, of silver chloride, 
H, Stolzenherg and M, E. Huth have obtained Squid crystals of silver chloride during 
the cooling of fused silver chloride. According to I. Kablukoff, and G, Scarpa, there 
is a eutectic with mixtures of silver nitrate and chloride at 160° with 75 to 90 gram- 
mols. per cent, of silver nitrate. Silver chloride which has been fused forms a waxy 
or horn-like translucent mass, and when in thin flexible and transparent plates, which 
appear colourless although en masse, the colour is yellowish-grey. According to 
A. and C. K. Aikin, the fused chloride has been turned in a lathe, and ornaments 
have been made from it. 

T. W. Richards and G. Jones 110 value for the compresgibilitj of silver oliloride 
between 100 and 500 megabars is 0 00000222 megabar per sq. cm.; or 0 00000218 
kilogrm, per sq, cm.; or 0'00000225 atm. per sq, cm.; and the mol, compressi¬ 
bility is 0'000057 megabar per cm, N, Kurnakoff and S. F. Schemtschuschny’s 
value for the FMessdntck, that is, the press, required to make precipitated silver 
chloride flow through a small opening is 65'2 lrilogmuj, per sq, mm.; for precipitated 
and compressed silver chloride, 34 7 ; and for precipitated silver chloride, 17 2. 
G. Quincke’s value for the surface tension of molten silver chloride is 
dynes per cm., where a is the difference in cms. between the height of the plane 
corresponding with the upper surface of the liquid and the plane of greatest diameter, 
g the acceleration of gravity, 980 6 ; and D, the sp, gr, of the liquid; but D=5‘3, 
and o=0 286, accordingly <r=210 dynes per cm. A. Gradenwitz found a-—2127 ; 
and for the specific cohesion oP, 8'18 sq. mm. A, Colson has investigated the 
diffusion of solid silver chloride into solid sodium chloride, 

H. Fizeau’s u value for the coeffideot of linear expansion is 0 000032938 \ and for 
the mol. cubical expansion, 0 00255. The heat Of fiurion of silver chloride is 4 4 Cals, 
according to O. H, Weber. The specific heat V p of silver chloride which has been 
fused is 0 1 0&11 between 15° and 98° (H. Y. Regnault), andOG978 between 160° and 
380° (O. Ehrhardt). J. N. Breasted gives 0 08775 between 0* and 19°; and the 
corresponding molecular heat, 12 58 Cals. The mol. ht, rises with the temp,; thus 
A. Magnus gives 13 01 + 0 06 from 15° to 100°; 13 60 ± 0 01 from 16° to 250“; and 
13'72±002 from 16* to 300*, A. Eucken likewise found the mol, ht. falls to 
ir81 at —SS'S 0 , and to 10 34 at “-157°, W. Nernst gives for the mol, ht. 2 98 at 
—249*5°; 4 79 at -240 2°; 7 25 at -227 4*; and 9 79 at -187'7°. W. Nernst 
and F. Schwers give 2'78 at —250-5°, and 9*82 at —181'6°, Silver chloride 
commences to volatilize at about 260°, and at a red-heat the loss by volatilization 
is appreciable, At a rather higher temp, it volatilizes as a dense white vapour. 
F. J. Malaguti and J. Dux ocher say that " silver chloride per u requires a very 
high temp, for its volatilization, and it volatilizes very slowly in a dosed vessel on 
account of the low press, of its vapour,” The vapour pressure of silver chloride 
at 1000° is less than 6 mm, ( and at 1150* it is nearly 15 mm. It is less volatile 
than lead chloride. Vapour density determinations by A. Scott, and by H. Biltz and 
V, Meyer, show that at 1735° the vapour density is 5*698; the theoretical value for 
A^Cl is 4-965, and accordingly some molecules of Ag a C1 a still exist undissociated at 
this temp. 

According to M. Berthelot, 12 the heat of formation is Ag+Cl=AgCl (amorphous 
or crystalline), 29*2 Cals.; or 114 kilojoules j»er mol; Ag a O+2HCl*q.=41*8 Gals.'; 
J. Thomsen's value for the heat of formation from its elements is 29-38 Cals. 
M. de K. Thompson found the bee energy of formation with gaseous chlorine to be 
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25,600 cals., the total energy, £3,900 cals. The heat of formation calculated by 
J. N. Briinsted and F. Halla from the e.m.f. of the element HgCl|AgCl is 29 939 Cain. 
U. Fischer gives 30'1 Gala, between 15° and 159°, and H, Braune and F. Koref, 
30'410 Gala. For the formation of silver chloride from fused silver nitrate and 
potassium chloride, J. Kablnkoff gives 14'51 Cfcls. M. Eerthelot tried if tbe heats 
of dissolution of the different forme of silver chloride in potassium cyanide show 
any differences outside the range of the errors of experiment, hut with negative 
results. 

A. tie Gramont says that korargyrite is electrically non-conducting. 
W. Kohlrausch i* found the electrical conductivity of silver chloride at 20° to bo 
less than 0'00Q0035 and to increase with a rise of temp, C, Tubandt and E. Lorenz 
also found it to gradually rise up to the m,p., when an abrupt increase occurs ; there 
is no sign of a change corresponding with the formation of liquid cry stain. The 
data arc : 

250 s 350* 450 s 455* 457 s SS0* COO 

Conductivity . OOOOHO 0 0005 U J13 melts 3'lte +'05 4-1 

C. Tubandt said that the current in solid crystals of silver chloride is carried 
entirely by the positive silver ion; the velocity of the ion close to the m,p. was 
0*03x10"^ cms. per sec. C. Sandonnini gives the electrical conductivity of fused 
silver chloride at its m.p, 455° as 3(554 reciprocal ohms, and he investigated the 
electrical conductivities of fused mixtures of silver and thallous chlorides, 
J. 0. Ghosh also measured the conductivity and calculated the ionization, a, of 
fused silver chloride at different temp. He found at 023° a=0 l £6, and at 723°, 
a=92-92 per cent. L, Gratz showed that under a press, of 4000 atm. the electrical 
resistance decreases between 0'002 and 0 001 per cent, of its initial value, and a rise 
of temp, between 220° and 230° produces a similar result. The degree of ionization of 
silver chloride at 461* is l'25xlO“ a , E, Becqnerel found that when a substance is 
used for the two poles of a voltameter containing an electrolyte, there is a difference 
of potential when one plate is in darkness and the other plate is illuminated. 
H. Luggin studied the effect with silver halides. S, Arrhenius has studied the 
effect of light on the electrical conductivity of silver chloride, G. Tubandt studied 
the conductivity of the crystalline solid. Q. Trumpler measured the e.m.f. of 
silver chloride against the normal calomel electrode, S. Meyer gave —0 28x10 _a 
units of mass at 17° for the magnetic susceptibility of silver chloride; no dis¬ 
continuity was observed, by T. Ishiwara, when silver chloride is melted. 

G, C. Schmidt obtained a marked photoelectric effect with silver chloride, 
bromide, and iodide. According to G. Dima, the order of magnitude is 200 :430 \ 750. 
C. Schell noticed that while silver iodide is a poor conductor of electricity in dark¬ 
ness, it becomes a much bettor conductor when illuminated; that rays of wave* 
length 0 l 4£26ji, 0*3222/*, and 0*2712/* are most active in changing the conductivity; 
and that the absorption ooeff. for photoalectrically active rays is 13,000; W, 
Wilson found 15,000. W, Wilson studied the photoelectric effect with silver iodide, 
and found this salt is ten times as active os an aluminium plate when illuminated 
by an arc light. The effect with violet light is 8 to 10 per cent, more than with 
ultra-violet light. W, Wilson explained t hin by the assumption that violet light 
causes the molecules to emit electrons of higher speed, and these am less easily 
liberated by an applied e.m.f., and so the conductivity suffers less change. The 
photoelectric effect of silver chloride, eaye G, Dima, is smaller than with silver 
bromide or silver iodide; in arbitrary unite, under the influence of ultra-violet 
light, the respective ratio is 1:2 , 15;3 , 75. H. Jackson found purified silver 
chloride in a high vacuum was apparently unaffected by daylight, but it glowed 
with a green phosphorescence in the cathode rays, The silver chloride was darkened 
by the exposure, and the darkening was greatest where the glow was brightest. 

F. Dutoit and G. von Weiaoe found the potential of silver chloride against 
iV^rilver nitrate is 0 226 volt at 25°, and M. Katayama found the e.m.f. o! the cell 
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Ag|AgCl]d to be IT30+01)006(20—0) volts at a temp* 9 between 15° and l&D* ; 
and for the coll AgEAgCJlPbCyPbjQASO+O'OOOIffiG — 0) volt between 23° and 121°* 
A* do Cloizeaux » found the index of infraction of native silver chloride for Na-light 
to be p~2071* L Wernicke gives for A=431, p=2135; A=486, /i=2T01 ; 
and A=65fij 2D473. J. A, Wdkinson observed that the salt has a green fluor¬ 
escence. H, Herteneteiu noted that the spark spectrum is very like that of the 
metal with some lines missing. T* W. Richards and R, C. Wells have measured the 
opacity of suspensions of silver chloride in water; and (J. Wissinger, the absorption 
spectrum, S. Fiocopiu found that a liquid with suspended particles of silver 
chloride depolarized polarized light. 

The solubility of silver chloride in water is veiy small C, H, Pfafl 1& found the 
insolubility of silver chloride to bo so great that water containing one part of hydro¬ 
chloric acid in 113,000,000 parts of water is rendered turbid by the addition of silver 
nitrate, but the action is almost insensible with 1 in 227,(XX),GOO. G. J. Mulder, 
however, claimed that silver can be so detected in water containing at ordinary temp, 
one part of silver in 1,000,000 parte of water, but not in water with half that pro¬ 
portion of silver in soln, Vide analytical reactions of silver. According to 
(X Hoitsema, one part of silver chloridu produces an appreciable turbidity in 
3,000,000 to 5,000,000 parts of water. W. Bdttger found the specific conductivity 
of aq. aoln. at 100° to be 56'7XlO~ a reciprocal ohms, and for infinite dilution, 373 
reciprocal ohms; from this, he calculates the solubility to he 15'2x 10^“ & mols, or 
0 0218 grm. per litre at 100 & , Prom II. Abegg and A. J, Cox’s value 0*015 volt for the 
cell Ag|AgCl against AjN-KCl, H. M, Goodwin calculated 125xl0^ 5 at 25°, and 
A. Thiel, 141 xlO -0 . Collecting together the different data for tha solubility of 
powdered amorphous silver chloride expressed in grams per litre : 

r 1U* 18* SG* 34’ 4a n 100" 

Agd . 0-0007(1 0000% 0 001% Q-G0101 0 00303 0 00303 

The solubility depends to some extent on the grain-size ; J. S. Stas found that 
freshly precipitated curdy silver chloride is more soluble than the powdered form. 
The larger grams are less soluble than the small ones, and therefore increase in size 
at the cost of the email once. The heat of soln. Q, or negatively, the heat of precipita¬ 
tion, calculated from the solubilities S x and at temp. Tj and T t calculated from 
log £]— log T 2 _1 )/R t is —16 Cals., and J. Thomsen’s value, found 

calorimetricalljr, is —15 8 Cals, 

In estimating silver by J, L. Gay Lussac’s method, in which a soln. of silver 
nitrate is titrated with a soln, of an alkali chloride, a point is reached at which a 
slight precipitate is produced by the addition of a drop either of the alkali chloride 
or of the silver nitrate soln., indicating the presence of either free silver nitrate or 
alkali chloride in a state of equilibrium, either of which is precipitated by the other. 
This is sometimes called Mulder's neutral point after G, J. Mulder’s study of tho 
reaction in his De essuyeer-tneiho&e turn het zUver schdkundig ottdmocffl (Utrecht, 
1857)^ where the phenomenon was attributed to the presence of alkali nitrate ; but 
J, S. Stas showed that alkali nitrate is not the cause which determines the soln, 
of the silver chloride ; rather is it due to the solubility of silver chloride in the soln, 
and to the reduction of the solubiliiy by the addition of an excess of either silver 
nitrate or of a little sodium chloride. The use of an alkali bromide or iodide obviates 
the difficulty which arises owing to tho solubility of silver chloride, because silver 
bromide or iodide is so much less soluble in cold water than the chloride, J, F, Cooke 
says that 0T grm, of silver nitrate per litre makes silver chloride quite insoluble in 
water, while the addition of some hydrochloric acid lowers the solubility one half. 
According to C. St. Pierre, a soln. of silver nitrate is added drop by drop to cone, 
hydrochloric acid, and the whole is rapidly stirred, the silver chloride which is first 
formed dissolves so rapidly that its formation can be perceived only with difficulty; 
the proportion of silver chloride thus dissolved may exceed 0‘5 per cent, of the 
weight of add employed. When water is added, the sob. becomes turbid. Tho 
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turbidity at first increases with the quantity of water added; but all the silver 
chloride cannot be precipitated by adding water* 

The solubility of silver chloride in water is depressed when chlorine or silver ions 
are present in the aoln. Since the solubility of silver chloride is approximately 
10~ 6 molsper litre and the ionization is then complete, the solubilityproduct is 
and therefore an excess of the ions of either chlorine or silver reduces the solubility 
very much* For instance, if the cone, of either of these ions be 1G - *, the solubility 
falls from 1G -6 to 10^ 7 mots per litre. In many cases, however, complexes appear to 
bo formed* A. A. Noyes and W. C, Bray w suggested the complex ion is AgCl 2 '; 
G. Bodlander, AgtV". G. S, Forbes, however, obtained a little evidence of tlm forma¬ 
tion of the complexions AgCI 3 '', AgCV", an d possibly of but not of AgCl/, 

in his study of silver chloride in soln. of various chlorides. With tone, hijdrocidoric 
acid, E. H. E. Reinsch showed that one part of silver nitrate in 15,000 parts of water 
becomes turbid when a little hydrochloric acid is added, and the turbidity clears up 
when more acid is present. Again, G. S, Whitby found that at 21*, 1 per cent. HC1 
dissolves 0 0002 grm* per litre; 5 per cent, acid, 0 0033 grm. per litre; and 
10 per cent, acid, 0 0055 grm. per litre. C* St* Pierre also showed that while 
100 grms. of cone, hydrochloric acid dissolve 0'5 grim per litre, 100 c.c. of the same 
acid diluted with twice its weight of water, dissolve only 0 167 gnu. of silver 
chloride. A* Vogel stated that with 100 c.c. of cold hydrochloric acid of sp. gr* l'IGG, 
alone or diluted with : 

Wat, 0 100 200 300^ 500 c.c. 

Silver chloride . (P29S 0-050 0'GIS G'QQBU 0-0935 grin, per 100 c.c* 

Boiling hydrochloric acid diluted with its own vol* of water dissolved, under similar 
conditions, O'56 gnn. of silver chloride. 0. L. Erdmann found that a hot mixture 
of alcohol and hydrochloric acid dissolves silver chloride, part of which separates out 
on cooling. E* H* Ricsenfeld and H, Feld electrolysed soiu. of silver chloride in 
35 per cent* hydrochloric acid, and they found that silver migrates to the anode as a 
complex hydrochloroargentic acid* HAgCL. This conclusion is in agreement with 
G* S. Forbes and H. I, dole's work on the solubility of silver chloride in hydro¬ 
chloric acid, and also in soln, of the chlorides of sodium, ammonium, potassium, 
rubidium, calcium, strontium, and barium. 

According to N. A. K, Milion and A. Cornwallle, silver chloride is not soluble 
In aq. soln, of calcium or zinc chloride ; but this statement has not been confirmed 
by A, Yngcl, H. 0* Hahn, or G. S. Forbes, who investigated the solubility of this 
salt in aq. sole, of sodium potassium, ammonium, barium, strontium, calcium, and 
magnesium clitorides. The solubility of silver chloride is very nearly proportional 
to the cone, of the dissolved chloride through considerable ranges, and is nearly 
doubted in passing from 0 rt to 25°. On the basis of the theory of the solubility 
product, G. S. Forbes calculated that silver chloride ought to he most insoluble 
in j^uJV'-Boln* of the given chloride. H. C. Hahn flays a sat, soln. of calcium ehlorido 
diseolves at 0°, 2'825 grins, of silver chloride per litre, and at I00 g , 8*147 gnus., 
while in magnesium chloride soln. the solubility is even greater. H. Dcbray, and 
J, FoncAno say that the presence of mercuric chloride does not favour the solu¬ 
bility of silver chloride. A, Sauer says the presence of ferric chloride favours the 
solubility of silver chloride, while H. C. Hahn found a sat. aoln* of ferric chloride 
at 24 , 5° dissolves 0*006 gnn, of silver chloride per 100 gnus, of soln, ; ferrous 
chloride, 0‘169 grm*; cupric chloride, 0 053 grm. ; manganese chloride, Q'Q13 grm.; 
zinc chloride , 0 0134 grm*; a 27'32 per cent, soln. of barium chloride, 0 057 grm.; 
41'26 per cent* of calcium chloride, 0'57l grm*; 36'35 per cent, magnesium chloride, 
0*531 grm*; 2 per cent, ammonium chloride, 03397 grm,; 24 95 per eent. potassium 
Gentle, G l G776 grm, (19'G*); 25 95 per cent, sodium chloride, 0‘105 gim* The solu¬ 
bility of silver chloride in soln* of sodium and potassium chloride at 15° show per 
100 grins, of soln.—10 grins. KGL, 0 000 gim, AgCl; 20 KC1 grma., Q'02G grm* 
AgCl; 25 grms. KCh 0 084 grm. AgCl; and with 10 grms. NaCl, 0 0025 grm* AgCl; 
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21*98 gnus. NaCl, 0*0439 grin. AgCl; and with 26*31 grm Nad, 0127 grm. J 
AgCl. A, C. and A. E. Becqucrel found a litre of a sat. soln, of sodium chloride 
at ordinary temp, dissolved 0*807 grm. of silver chloride. J. Percy found the rate 
of dissolution of the salt in a cold sat. aq* soln. of calcium chloride to he, per 100 c,c,; 

a ^ 10 21 oo dw. 

Grm. silver flhloride * 08)638 O^OGTG 08)753 01L34 0 1426 

According to P. A. Guye, the solubility of silver chloride in soln, of potassium 
chloride is 0 0018 grm. per litre. G. J. Mulder says that the solubility of silver 
chloride in nitric acid of sp. gr, 1'3 is not greater than it is in the dil, acid—hot or 
cold, cone, or dil.* bat according to C. fit. Pierre, when nitric acid is distilled with a 
small quantity of pulverulent silver chloride, the salt gradually dissolves: This is 
not a case of simple soln. because silver nitrate crystallises from the cooling liquid. 
According to C. van Rossom, the solubility is not perceptibly influenced by Y^N-soln. 
of sodium or ammonium nitrate ; silver chloride is also slightly soluble in cold aq. soln. 
of aodium r potassium, calcium, magnesium, or ammonium nitrates, and more so in 
warm soln., inasmuch as “ hot soln. which are perfectly clear become strongly 
clouded as they cool. 1 * He also showed that between lb* and 2U C , a soln. containing 
0393 grm. of sodium nitrate dissolved 0*00096 grm. of silver chloride per 100 grms. 
of soln, and with 0 787 and 2'7 87 grms, of sodium nitrate respectively 0’00133 and 
0'00253 grm. of silver nitrate. A cone. soln. of silver nitrate, at 25°, was found by 
G. S, Forbes to give a faint turbidity with 0 00003 gjrm.-eq. or 0 001 grm. of chlorine 
per litre. This is but one-tenth the solubility of silver chloride in a 2iV-soln. of alkali 
chloride. W, Bottger also found the solubility of silver chloride in ^JV-silvcr 
nitrate to bo Q'15 X KT 7 , E, Reichert claims to have obtained what ho thought to 
be a compound of silver chloride and nitrate, AgCl.AgNO^ F.p, curves of silver 
chloride and nitrate have been examined by I. Kablukoff, and by G. Scarpa, There 
is a eutectic with 75 gram-mob per cent, of silver nitrate at 1(50°, H, W, F, Wacken- 
rodei (1842), and J. von Liebig (1851) noticed that the silver halides dissolve com¬ 
paratively easily in cold soln. of mercuric nitrate, and more so in hot soln,; while 
J. S. Stas measured some of the solubilities. J, T. Hewitt found that silver chloride 
suspended in nitric acid is dissolved when mercuric oxide is added, B, H. Buttle 
and J. T. Hewitt say the amount of silver in soln. rises from 0 00684 to 0'0187 
gram-atom per litre as the cone, of the mercuric nitrate rises from 0*025 to 0'250 
mol per litre. With a sufficiently great excess of mercuric nitrate, the addition 
of hydrochloric acid or silver nitrate results in the separation of an eq. amount 
of silver chloride. If the cone, of the nitric acid rises from 0 30 to 0*70 mol per 
litre, the amount of silver remaining in soln, falls from 0 00924 to 0 1 00862 gram- 
atom per litre. H. Morse found evidence of the formation of complexes of mer¬ 
curic nitrate and silver chloride in the soln. R, Luther explains the phenomenon 
by assuming that when mercuric nitrate is added to the completely ionized soln, 
of silver chloride, some chlorine ions are discharged, by the formation, according 
to J, T, Hewitt, of a HgGWion; and more silver chloride dissolves in order to preserve 
a constant solubility product for this salt, B, Finri, and J, Barnes have studied 
the effect of mercuric salts on the solubility of silver chloride. A hot sat, soln, 
of silver chloride in one of mercuric nitrate deposits brilliant yellowish-white 
crystals of silver chloride on cooling. The addition of an excess of hydrochloric acid, 
sodium, or ammonium chloride, or nitric acid, precipitates all the silver as chloride; 
sodium acetate acts in a similar manner, forming mercuric acetate and sodium 
nitrate. Silver chloride precipitated with a small quantity of mercurous chloride, 
is stated by J. Spiiler not to be blackened by light. 

G. J. Mulder found silver chloride to be insoluble in dil. or cone, cold sulphuric 
acid, but it is decomposed by the boiling acid; and he also found silver chloride 
is not dissolved by cold or hot sulphurous acid . J. von Liehjg, and H. Debray 
have studied the effect of alkali acetates on the solubility of silver chloride. E. Valenta 
found the solubility in ammonium thiosulphate soln. at 20*, to be per 100 grms. j 
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in sob, containing 1: 1 '32 grins. AgCl; with 1: 3 92 

grms. AgCL Again, with sodium thiosulphate sob. at 20°, the solubility per 100 
gnus. of sob, contouring 1: lOONaaSaQj, 0'40 grm. AgCl; lCONaaS^, 2*00 grins. 
AgCl; 10: lOONasSaOj, 4‘10 grins. AgCl; and 20: lOONaaS^Qk G'10 grins. AgCl; 
T. W. Richards and H. B. Faber found a sob, with 200 gnus, of sodium thiosulphate 
in litre at 35° dissolves 9*08 grins, of silver chloride per 100 grms. of sob. R. Luther 
and A, Leubner attributed the augmented solubility to the formation of complexes. 
A, Rosenheim and S. Steinhauser isolated the complex 

Similar remarks apply to the augmented solubility of silver chloride in sodium 
sulphite sob., where E. Yaletta showed that sob, with cone. 10 :100 and 20 :100 
Na^SGg respectively dissolve 0 44 and 0 05 grm. of silver chloride per 100 grins, of 
sol n. E. Valenta also showed that a 5:100 soln. of potassium cyanide, at 25°, dissolves 
2 75 grins, of silver chloride. Thiocyanates also augment the solubility of silver 
chloride, Thus, 5 :100, 10 r 100, and 15 : KX) soln. of ammonium thiocyanate t at 
2G P , dissolve respectively 0 08,0 54, and 2 88 grins, of silver chloride per 100 grins, 
of sob. With soln. of cone. 10 : 100 , at 25°, the solubility with potassium 
thiocyanate is 011 grm. of silver chloride ; calcium thiocyanatct Ca(SCy) a , 0T5 
grm.; barium thiocyanate, Ba{SCy) a , 0‘20 grm.; Al(SCy) 5 , 2 02 grms.; thio- 
carbamide , 0‘83 grm.; and thiorimmine, 3 90 grms. G. J. Mulder found silver 
chloride to be perceptibly soluble in a warm aq. sob. of tartaric acid , and to a less 
extent in a cold soln. N. G. Chatterji and N, R, Dbar observed no signs of 
peptization when silver chloride is treated with a cone. soln. of cane sugar . 

M. Faraday (1818), and E. C. Franklin and C. A. Kraus (1898) 17 reported that 
silver chloride is slightly soluble in liquid ammonia ; but it is very soluble in aqueous 
ammonia as was noted by J. R, Glauber in 1G48. Many observations have been 
made on the phenomenon since that time. If an ammoniacal soln. of silver chloride 
is boiled, J. L. Proust showed that fulminating silver is deposited, but if slowly 
evaprated at a gentle heat, silver chloride may be deposited in cubes or uctahedra, 
or in pearly scales. The silver chloride is precipitated from the ammoniacal silver 
chloride soln. by neutralizing the ammonia with an acid; and P. Earthier showed 
that hydrogen sulphide or alkali sulphides precipitate silver sulphide from the 
ammoniacal sob. by neutralizing the ammonia with an acid; and when boiled 
with ammonium sulphate finely divided silver is precipitated. N. W. Fischer 
found that zinc and copper rapidly reduce grey spongy silver; lead reduces thn 
silver slowly and completely; cadmium and antimony act slowly and incompletely ; 
and tin, iron, bismuth, and mercury are without action. O, Hollander found an 
ammoniacal sob. of lead acetate precipitates lead cliloride frum an ammoniacal 
soln. of silver chloride. An anuuoniacal sob, of silver chloride or bromide when 
heated with iodic acid up to nearly 200 5 gives a deposit of silver iodide and an 
evolution of a small amount of gas. It id supposed that the iodic acid oxidizes the 
ammonia, forming nitrogen, water, and ammonium iodide i 
=NH 4 T-J-3H a O+N 2 , a reaction verified by heating the iodic acid with ammonia in 
a sealed tube; no bromic or chloric add is formed if silver bromide or chlorido bo 
also present. The ammonium iodide so formed reacts with the less soluble silver 
chloride or bromide giving silver iodide. Bromic acid acta similarly. 

According to R. Jatry, at 0 D , 100 grms* of the soln. hold: 

NH, « , I'45 5 60 11-77 28 10 30d£> 34 50 37 48 grms. 

AgCl ♦ * (P49 3-44 4*8 0*0 7 35 4*77 3*0 „ 

When the Bob. in a confined space is evacuated, at 0°, the manometer remains 
constant at 298 mm,, and 10 to 15 c.c. of the sob. can give off more than 500 c.c. 
of ammonia without the press, changing. If evacuated further, the manometer 
falls to 15 mm. If an allowance be made for the water vapour, the partial press, 
of the ammonia in the two cases are 263 mm. and 12 mm. respectively; these are 
the dissociation press, of the compounds Agd*3NHfl and 2AgGl.3NHg respectively. 
There are also two breaks b the solubility curves of silver chloride in o<p ammo nia 
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which correspond with these two compounds as solid phases. G. Bodlhnder and 
R, FiHig’s work on the solubility of silver chloride in aq. ammonia led to the inference 
that other ammino compounds ore present— e.g. AgCl.SNIhj. J, Straub represents 
the relation between the silver [Ag] and the ammonia [NH 3 ] in soln. by [Ag] 
=0*0218[NHg] 2 +0 'Q55G| NHg ]. 

M. Faraday noted in 1818 that when silver chloride is exposed to ammonia 
gas, a considerable proportion is absorbed, and the solid swells considerably and 
finally crumbles to powder. He also noted that when a cone. soln. of silver chloride 
in aq. ammonia is allowed to stand for some weeks it furnishes colourless transparent 
crystals, R, Jany also obtained similar crystals by cooling to O ft a soln, of ammonia 
sat. with silver chloride at 20°. B. Gossnor used an analogous mode of preparation. 
R. Kane also obtained these crystals by treating the soln, with alcohol. Tile product 
obtained by these different processes is silver sesqiuaimnmo-chloride, 2AgCl,3NHg. 
F. Isamhert found this compound is also produced when silver chloride is exposed 
to a stream of ammonia at 20°. When exposed to air the crystals become opaque, 
ammonia is evolved, and silver chloride remains. Both F* Isambcrt and A. Horst- 
mann have measured the dissociation press, at different temp. 

6" 1C 47“ 68 5“ 9 0“ TIG 5 103" 

22 0 28*2 52-8 208 528 7b(i 04ft 4880 mm. 

According to W. Biltz, the dissociation temp, for one atm, is 68°; the compound 
melts at 103°, and F. Isambert's value for the heat of formation is 1158 Cals, per mol 
of ammonia. W. Biltz and W. Stollonwerk also found evidence of silver monammino- 
chloride, Ag(NH a )Cl t above 30°, the sesquiammine and the monammine form 
mixed crystals. The vap. press, pof the sesquiamminc is given by log —1A57T 
+175 log T— O’OQlST-Ki'S, where the heat of formation Q is 10 52 Cals.; likewise 
for the monam mine, Q= 11T1 Cals., and the vap. press, p is given by log p=— Qfi '57 T 
+1*75 log T—0*0015r+3*3. 

F. Isambcrt found that when the temp, of silver chloride is between 0* and 20°, 
a current of ammoiiia gas produces silver triamnuno-chloride, AgCl,3NH a . A. TcrreU 
prepared what ho thought to bo diammjw-chlaride, AgGL2NH 3 , by heating 
in a sealed tube on a water-bath silver chloride sat. with, ammonia gas or with cone, 
aqua ammonia \ on cooling, crystals of the salt in question separate out. The crystals 
may prove to he the partially dissociated tri&mmino-salt. W. Biltz found the 
dissociation temp, of the triaimuiiuMialt to be 20° at one atm, press.; the dissocia¬ 
tion proas, arc: 

ci* ee a ice* ass* 32-r : 142 s 

273 505 598 5 1355 1500 1713 4541 4880 hud, 

Consequently, if silver chloride be placed in an excess of aqua ammonia at a press, 
of 760 mm., the compound AgC1.3NH a will be formed below 20° nearly ; 2Ag01.3NH a 
between 20° and 65° nearly ; and above 65" silver chloride alone will exist, W, Biltz 
and W. Stoltenwerk found the heat of formation Q=916 Cals,, and the vap, press,, 
F, is given by log G/4'57f+i75 log T—Q*0025T+3'3. 

Soln. of ammonium chloride'at 15containing 10, 19 23, and 28*45 grma, of 
ammonium chloride, dissolve respectively 0*0050, 0 0577, and 0 340 grm. of silver 
chloride per 100 gnus, of aoln. The solubility of silver chloride in soln, with 26*31 
grins, of ammonium chloride per 100 grms. of soln, rises from 0 276 at 15° to 1*053 
at 110*. A. Vogel found that a hot sat. soln, of ammonium chloride dissolves 
silver chloride, and, as the soln. cools, it deposits needles of silver chloride ; silver 
chloride is also precipitated if water be added to the soln, F. T. Austen lg found that 
an ammoniacal soln. of silver chloride can be acidified by hydrochloric acid without 
precipitation of silver chloride, and he assumes the soln. contains ammonium silver 
chloride. G, S, Forbes also studied the solubility of silver chloride in aq. soln, 
of ammonium chloride, and the formation of the complex salt, A soln. of ammonium 
carbonate (1:10) dissolves 0*05 grm. of silver chloride per 100 grms. of solvent. 
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Silver chloride is virtually insoluble in etfiyl alcohol, and, according to 0, Bod- 
lander, J. Neustadt found the solubility in methyl alehohol to be l'^XlO -13 , and in 
ethyl alcohol, l'flxKT 14 . B, Wuth, and H. Euler have investigated the solubility 
of silver chloride in methyfamine and in elfiyfamine, The salt is almost insoluble 
in ether. F. Mylius and Gk Hiittner could find no sign of the extraction of any 
silver chloride by treating aq. or hydrochloric acid solo, with this menstruum, 
F, Bezold says it is insoluble in methyl acetate, and M> Hamers, in ethyl acetate. 
According to L. Kahlcntnrg and W. J, Wittkb, the solubility in pyridine falls 
from 5 35 grms. per JOO gmis. of pyridine at 0° to 012 grin, at 110°; between 
—I s and —22°, the solid phase in AgOU^I^N ; and between — 22* and —57 s , 
AgCl.2C 6 H 6 N. 

Chemical properties of silver chloride*- D. TummasI JE) says that silver 
chloride is reduced by hydrogen tinder a high press, or at an elevated temp* The 
equilibrium reaction, 2Ag+2HCl^2AgCl+H£, has been previously discussed, 
and A. Jouniaux’s values for the equilibrium constant K|HClp=[H 2 ] are O'llGi 
at 53G°; 0 l 08912 at 605* ; and 0 05728 at 705* According to A. Jouniaux, silver 
chloride is reduced in sunlight at ordinary temp., and with time, the reaction is 
complete, H. Schulze observed no change when silver chloride is heated in oxygen, 
but A, Mailfert found it to bo slowly peroxidized by OSOHe* 

H. Hose 30 reported that when phosphorus is heated with silver chloride it forms 
phosphorus trichloride and silver ; while at 400°, A. Granger obtained silver diphos- 
phide. FI. Rose also found that silver chloride is easily reduced by phosphine, 
funning phosphorus, silver, and hydrogen chloride. Silver chloride is not reduced 
when heated with carbOHj but on charcoal in the blowpipe flame it is reduced to 
the metal. J, Thallwitz found an intimate mixture of silver chloride, charcoal, and 
sodium peroxide spontaneously inflamed in a short time, and produced a rcgulus 
of silver. According to F, Gobi:!, carbon monoxide reacts with silver chloride, 
forming phosgene, COCI;?, but neither A. G. Bloxam nor C, Stammer could confirm 
this : carbon monoxide does not reduce rad-hot silver chloride. N, i). Costcann 
did hot detect any action when carbon dioxide is passed over silver chloride at 
835" and HXJ0'\ 

E, Filhol and J. B, SumJcrcns 21 say that silver chloride is not changed when 
boded with sulphur ; but P. Berthier states that a small proportion of silver cliloride 
is decomposed when it is heated with sulphur, forming what he called a soft greyish^ 
black &ulftt-MfTUTe. C. F, Wenzel found that when silver chloride is heated with 
mercuric: sulphide, silver sulphido and mercuric chloride arc formed ; A. Levallois 
obtained an analogous result with lead sulphide in a sealed tube at I60 y t 

F. J. Malaguri and J. Burocher made an elaborate study of the action of different 
metal sulphides and arsenides on silver chloride. They found that silver chloride 
is directly decomposed, at ordinary temp., by contact with various metallic 
sulphides when no liquid other than water is present. Thus by triturating & 
mixture of cadmium sulpiride and silver chloride with water, the yellow sulphide 
becomes first bistre-coloured, and finally black, on filtering, cadmium cliloride is 
found in the filtrate. With some sulphides the action is very alow— e.g, with 
copper pyrites the reaction is inappreciable in less than a month. Stannic sulphide 
becomes black, and the filtrate contains so mo free hydrochloric acid. Cuprous 
sulphide, according to C. J. B. Karaten, is converted by an ammoniacal 
soln. of silver chloride into copper chloride, and sulphide, and metallic silver; 
2AgCl+Uu 2 S=2Ag-(-CuCl a -|-CuS; F. J, Malaguti and J, Burocher represent 
the reaction: 4AgCHCu 3J S=2Ag+Ag E S-b20uCl 2 , and added: The reaction is 
as precise and almost as prompt as between two eq. proportions of liquid sub¬ 
stances ; but C, J. B, Karstcn found no reaction occurs with cuprous sulphide and 
a solu, of silver chloride in sodium chloride. He also found zinc sulphide in the 
presence of aq. ammonia reacte with silver chloride, forming silver sulphide, but in 
the presence of an aq. soln, of sodium chloride, the reaction is retarded. F. J, Mala¬ 
guri and J. Durooher represent the reaction with zinc blende in the presence of 
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aq. ammonia: 2AgCl+ZnS=Ag 2 S+ZnCfl s , No silver i a found in the filtrate 
because silver sulphide is not soluble in that menstruum. C, J. B. Karaton stated 
that lead sulphide has as little action oe bismuth sulphide on silver chloride whether 
aq. ammonia or a soln, of sodium chloride be the solvent F. J. Halaguti and 
J, Durocher found that a soln. of silvnr chloride in ammonia water or in a soln, 
of sodium thiosulphate reacts: 2AgCfi-fPbS=Fl)CI 2 +Ag 2 3 ; mercuric sulphide 
also reacts in a similar manner: 2AgCi-lHgS=HgCl 2 +Ag 2 &. 

r 

Representing what F. J. Maloguti and J- Durocher call the decampoflmg faculty of 
various sulphides, etc,, on silver chloride by the number of parts by weight of silver chloride 
decomposed in 18 hrs, by 100 part* of the sulphide, etc., when 0 2 gnu. of the sulphide, 
etc*, is treated with 7 c,c h of an ammoniocal aolu, of silver chloride containing 0-002 gnu. 

tho salt per c.c., they obtained for the decomposing faculty of artificial galena, 5 ; 
Jiculgoat galcrui, fi ; galena very neb in silver from Freiberg, 7 ; aeleniferuufl galena, with 
curved faces, from Hereaow, 8 ; anlinionial galena, with slightly curved focee, from Saint* 
Mandri, 10; arsenical galena, with the solid angles and the edge# of the cube truncated, 
from Saxony, 13 ; aelenifurons galena from Fahliin, 13 ; crystallized blende from Saxony, 

1 ; sulphide of zinc, prepared in the dry way, 3; very pure blenda from Kdnigsbeig, 3; 
cadmiferon? blende from Frizbram, 4 ; fibrous blende from PontpuSan, 5 \ lamellar blende 
frnm Pontp^an, 5; black artificial blende, obtained by sublimation, 10; artificial 
sulpidc of cadmium, 14; cubical iron-pyrites, 0’26; white or prismatic pyrites, 0-00; 
white globular pyrites, 3 ; sulphide of cobalt, prepared in the dry way, 0; Aulphido of 
nickel, prepared in the dry way, 8; sulphide of bismuth, prepared in the dry way, 3-S0 ; 
protosulphide of tin, prepared in the dry way, 0"33 ; bisulphide of tin, or mosaic gold, 31; 
sulphide of antimony, 0-002 ; sulphide of molybdenum* 0-001 ; native cinnabar, 0; sul¬ 
phide of copper (cuprous sulphide) artificially prepared, 337; eopper*pyrites of unknown 
locality, 10; bomito or purple copper-ore, SCi^S-bFejSi, from Sweden, 10; bomite, of 
a lilac tint, from Tunaberg, 180; cuprumickeliferoua pyrites from Kspedal in Norway* 
2; atromeyerite, AgS-f-CujStAg^Sd-CujS), 3-26 ; compact boumonite, II ; emaltine, 170; 
knpfrr-nickel, 470 ; miapickol, forming a fibrous mass, 0 J5; crystallized mispickel from 
Utfl, 17 &; and nickel-glance from Schneeberg, 440. 

They found three typos of reaction : (i) double decomposition: MS+2AgCl=Ag 2 S 
+MC1 2 ; (ii) reduction : MSa-j-2Ag€I=Ag £ 8-fMS-f Cl 2 ; (iii) double decomposi¬ 
tion and reduction: M 2 S+4Agd=2Ag+A^ 3 S-h2MCl 2h The general conclusion 
is that the decomposing faculty of the sulphides may be modified by the state 
of purity, tbs density, the composition, the mol. state, the cohesion, the structure 
of the substance* and the crystalline form, even by modifications in crystals belonging 
to the same system of cry stall irntion. 

The metals which give hydrogen when treated with hydrochloric acid reduce 
silver chloride to metallic silver; Bine is frequently used for this purpose, and 
it does its work equally well in contact with silver chloride, or in a soln. of the chloride 
in aqua ammonia. K* Seubert and A, Schmidt ^ found silver chloride to be reduced 
by heating it dry with magnesium. According to N, W. Fischer, the metals 
zinc, cadmium, mercury, copper, iron, arsenic, antimony, bismuth, lead, and tin 
when shaken with silver chloride suspended in water, or* better, in dil. hydrochloric 
or sulphuric acid, precipitate the silver, hut they do not do so under alcohol or 
ether. D. Tommasi* U. Antoni and G, Turi, and J. SchnausH found copper and 
mercury reduce ammoniacal soln. of silver chloride. E, Vjgouroux also reduced 
silver chloride by means of aluminium \ and R. Escales found that if powdered 
al uminium be mixed with silver chloride* the reaction once started proceeds with 
explosive violence unless on excess of aluminium be present* According to F, T, Son- 
neechmid*the presence of sodium chloride is necessary for the reduction with mercury* 
According to J* N. Bronsted, the heat of the reaction with mercury is AgCH+Hg 
=HgCl+Ag+l*4 Cals., and with lead, 11 Cals, D.Tommamsa^tUtsodnimftmaL 
gam does not reduce silver chloride* J. H. Gladstone and A* Tribe found that a plate 
of silver dipping in molten silver chloride becomes covered with cmtals of silver* 
A soln. of ferrooB sulphate was found by R, Ecir, H, Rose, G. Wetdar, and J, Sey¬ 
mour not to reduce silver chloride in light or in darkness; aa R. Keir puts it "Tuna ’ 
cornea is not decomposed hy martial vitriol” J, Seymour also found that itamkflUi 
chloride does not reduce silver chloride, hut alkali stonnite sob* do* According 
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to Q. Skutari, silver chloride is reduced by sodium hyposulphite, N^SOs+ZA^Ci 
=3Ag-p2NftCl-J-902, end the same result is obtained if the silver chloride is in 
soln, in aq. ammonia or potassium cyanide. A, Vogel showed that cold sulphurous 
add does not reduce silver chloride, but the salt becomes grey ii this acid be warm ; 
A. Geuther and P. Berthier found that boiling alkali sulphite in presence of ammo¬ 
nium chloride reduces silver chloride to metal. A, Rosenheim and S. Steinhauscr 
found cold soln. of the alkali bisulphites dissolve silver chloride, and, after standing 
a little while, deposit metallic silver, P. Jannaach found a hot soln. of hydroxyl- 
amine hydrochloride and sodium hydroxide dissolves the silver halides, E. Rieuler 
found silver chloride to be reduced to the metal by hydrazine sulphate in alkaline 
Holm-nitrogen is at the same time ovolved. According to F. Mawrow and 
G. Me]low, hypophosphorous add reduces silver chloride slowly; and, according 
to M. C, Lea, a dil. soln, of sodium hypophosphite produces no visible effect with 
silver halides, but it brings these substances into the same condition os they exist 
in tho latent photographic image ; cone. soln, of the hypophosphite colour the silver 
halides puqile-brown, J, Seymour says sodium hypophosphite reduces silver 
chloride to the metal. G. B, Bonino found potassium ferrocyanide converts 
silver chloride into insoluble potassium silver ferrocyanidc, AgKaFuCy^—silvcr 
bromide or iodide is not affected. 

A. Vogel, and A, Sauer noted that cold sulphuric add has no action on silver 
chloride ; hot sulphuric acid dissolves some silver chloride and deposits it again 
on cooling ; hoiling sulphuric acid forms silver sulphate and hydrochloric acid. 
Native silver chloride is, however, attacked but slowly even by tho boiling acid, 
G. J. Mulder found that if diL sulphuric acid be distilled in darkness over silver 
chloride some hydrochloric acid will be found In the distillate. T. E. Thorpe, and 
C. S. Pierre noted that with nitric arid some silver nitrate is formed. 

H, Moissan found that fluorine displaced the chlorine in silver chloride, 
J. J. Berzelius says that molten silver chloride absorbs chlorine gas and gives it 
up on cooling. The action of tho other halogens on silver chloride has been much 
discussed. The heats of formation are AgCl, 29'44 Cals ,; AgBr, 23'0 Cals.; and 
Agl, 1AG6 Cals, Consequently, the formation of silver bromide or iodide by the 
action of the proper halogen on silver chloride should bo an endothermal process, 
and therefore, by M. Berthe Let's le principc du travail jnaattttWiWj should not occur, 
P, Julius, however, showed that the chlorine can be completely displaced by bromine 
or Iodine at a red beat if the action bo prolonged. This, saidM. Bcrthelot, is because 
tho heats of formation of tho silver halides are not tho same at high as they are at 
ordinary temp. According to P, Julius,23 air charged with bromine vapour converts 
silver chloride into bromide ; but, says A. Poiilitzin, at ordinary temp, the exchange 
is very slow. According to M. Bortholot* if silver chloride bo suspended in water, 
it readily takes up bromiuc, which can bo removed by tho passage of a current of 
air. According to P, Julius, iodine vapour, and, according to N t N, Beketoff, a soln. 
of iodine in chloroform, slowly converts silver chloride into tho iodide. According 
te C, Lowig, silver chloride is slightly soluble in hydrobromic acid, forming some 
silver bromide \ and, according to H. St. C, Doville, hydriodic acid forms hydro¬ 
chloric acid and silver iodide. Both reactions are exothermal, but conversely, 
hydrochloric acid displaces bromine from silver bromide, M* Berthelofc tried to 
explain this by his principle of maximum work by supposing that hydrochloric 
acid forms un ohlorhydraie de chlorure d’argtttf. The action of the metal bromides 
and iodides on silver chloride has been studied by F. Field, A. Potibtein, and 
M. Barthelot* Further, A, Colson covered silver chloride with an alkali chloride, 
and he found that tho latter diffused into tho former when the mass was heated 
to a temp, below the m.p. of either; thus presenting an example of the diffusion 
of a solid. H. Baubigny found iodic arid at 200* produces silver iodide, and ammo* 
ntain iodate and ammonia form ammonium iodide, which then reacts with silver 
chloride, forming the iodide. According to G, Maszaron (1898), silver chloride 
givae chlorine, not ebromyl chloride, when treated with potassium dtchromate and 
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sulphuric acid. F. W. 0. de Coninck showed that iodoform converts silver chloride 
into chloroform and silver iodide* A* Mailfert found that OBOUfl acts but slowly 
on silver chloride. 

According to P. Berthier, 24 silver chloride dissolves in all proportions in fused 
lead oxide, and when galena is added to the mixture, the silver chloride is all reduced 
to the metal by the lead set free in the reaction: 2PbG-HPbS=SQ 2 +3Pb, 
F. J. Malaguti and J. Durocher found cuprous oxide exerts no appreciable action 
on silver chloride in water at 100 c , hut if some alum^fcrrous sulphate, or cupric 
sulphate is present, the silver chloride is reduced ; hut the action is less energetic 
tlian it is with iron or copper with or without these salts. P. Earthier found that 
boric acid decomposes silver chloride only when heated in the presence of water 
vapour, P* Berthier stated that fused borax or siliceous fluxes dissolve silver 
chloride, forming an opalescent mass—it is doubtful if this mixture Is a true soln* 

G. Wetriar M first reported the formation of sodium silwr chloride. A boiling 
cone* soln. of sodium chloride dissolves silver chloride, and on cooling deposits 
cubic crystals of the double salt; the same salt was made by adding silver nitrate 
to a boiling soln. of sodium chloride until some silver chloride remained undissolvcd. 
His analyses were too indecisive aa to the composition of the double salt to be 
“ worth, communicating/’ He found that the double salt could exist only in a 
very cone. soln. of sodium chloride, and was decomposed by a more dil, soln. as well 
as by water into silver chloride which separates in numerous voluminous Hocks, 
and the alkali chloride which remains in soln. The crystals of the double salt were 
stated, to be unaffected by exposure to the most intense sunlight, and not to be 
reduced by adding ferrous sulphate to the soln* of sodium chloride containing the 
double salt. He also found that potassium, calcium, and other "electropositive 
metallic” chlorides combined with silver producing analogous double compounds, 
A, C. Bccquerel prepared oetahedra and tetrahedra of double salts of silver chloride 
with potassium and sodium chlorides by the method he employed for sodium cuprous 
chloride. Tim soln. have been examined by 0* Sackur, F, Cornu, and G* S. Forbes, 
and, as already indicated, the crystalline solid is probably a solid soln., although 
complexes do exist in soln. J, K. J, D, Boussingault prepared a crystalline mass by 
cooling a soln. of silver chloride in fused sodium chloride. The mass is decomposed 
by water, and is coloured violet by exposure to light. As already indicated, the 
work of F, Cornu, W. Botta, and 0. Sandonnini shows that fused mixtures of sodium 
and silver chlorides furnish a continuous scries of mixed crystals. G, Tammann 
showed that when the mixed crystals are treated with water, the sodium chloride 
is completely extracted when the proportion of silver chloride falls below 0 625, 
but not when it exceeds 0'75* 

As previously nidicatcd, C, Sandonnin/s thermal study of tithiuni chloride and 
silver chloride showed that two types of mixed crystals are produced with a gap 
between 16 and GO mols per cent, of silver chloride, S. F. Schemtschuschny did 
not obtain evidence of a compound of silver chloride and poftfwmm chloride on 
the f.p, curve. 0. Saekur, and G, S, Forbes obtained evidence of the formation 
of complexes in soln. of silver chloride in potassium chloride soln. C. Sandonnini 
and P, C. Aureggi in their thermal analysis of mixtures of rubidium chloride and 
silver chloride obtained a V-cutoctic curve at 253° with 60 mols per cent* of silver 
chloride; there was no definite indication of a compound. H* L. Wells and 
H, L, Wheeler obtained rhombic crystals of Cffttitim silver chloride, SCsCI.AgCl, 
with axial ratios a:b\c= fl‘971:1:0'244, by saturating a very cone. soln. of 
caesium chloride with silver chloride ; a compound of the composition GsCI.AgCl 
wan obtained by C* Sandonnini and G. Scarpa in the f.p. curve of mixtures of the „ 
component salts. E. H. Ducloux also studied this salt. G. Foma and G. Gabbi 
found that silver chloride and cupmts chloride are completely miscible in the 
molten state, but in the solid state, P. de Ceearis found a gap between 7 and 10 
and between 12 and 92 mols per cent, of cuprous chloride. According to C, San- 
donnini, the m.p. curve falls from the m.p. of silver chloride to a eutectic at 260° 
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with 54 G mola per cent, of cuproue cblorido anti then rises to the m.p. of ctiprotw 
chloride. According to G. Poma and G. Gabbi, tho m.p. curve falls from the m,p. 
of cuprous chloride to 250° with 56 mols per cent, of silver chloride, and then risea 
to the m.p* of silver chloride* 


JtarERiffcro- 

1 Cl Gesnor, Be mwfci rerun* fossiUum gentry Tiguri, 1505; W, Fabricins, Be rebut metaUicia, 
Tiguri, 1865; I. Itomekyo, Blemcntos dc minerologia, Serena, 1845; M. H, Klaproth, Rcitrage zur 
chemischen Ketmtniss der Mintralk&rpers, 1* 137, 17115* 

1 J* H* Sehtilze, Acta Acad. Gattaffte Lcopoldino-CarolinfF, 1. 528, 1727. 

a A* GunK Campt. Rend., 118* fifth 1212; 1881; 113; 72, 1891; H, Vogel, Phot. Mitt .* S0L 
344, 1900; B, von Bibra, Journ, prnht. Chem, (2), 18. 52, 1876 ; 6. B. Newbury, Amer* Chem 
jaunt., 8* 180, 1885; Chm. News, 64. 67, 1888; F* Heycr, Untersuchungen tibvrdas kypoth*tische 
XtUxrsubchtorid, Leipzig, 1002* 

1 J. S. Stas, Bull, Acad, Belgique, (2), IQ. 230, lfiGO; R, Cowper, Joam. Cftan, Soe., 43. 154, 
1883; V* van. Cordier, Monatsh,, SI. 184,865,1000; H. Gautier anil G* Charpy* Cvmpt. Rmd. f 
113. 507, 1801; J. H, Ka&Uo, Amer. Gbem. J&tm., 46. 390, J91L 

* J. B. J. D. Boussingault* Atm. CAwn. Phys„ (2} h 54- 200, 1833; M, Bcrthdot, Compi. Read., 
81 010, 1878; A. Joimiaux, fl.* 129. 883, 1900; A. Levallois, f&, T 6fl. IbGG, lfi«3 j Action* des 
kydracidrs hahghtc* svr ¥ argent et rlnctionce inverses, Lille, 1901; A Potihlzin, Bull, Soe, Chim,. 
{2\, 31. 490, 1879; Her., 13. 2391, 1890; Jmmu Russ, Phys. Chem. Soe., 1. 183, 289, 415, 1881; 
J, Kablukoff, ib, t 39. 914, 1907; N. W. Fischer* Bchiceiggcr's Journ., 61. 193, 1827 ; G, \VctaIar, 
ib, T 82* 473, 1823; H. Rose, Pogg. Ann,, 63. 283, 1846 ; 1L ltiOalkin, Bull. Acad. tit. Petersburg, 
(2J, 1. 279, 1888; M, C. Lea, Zcit. anorg. Chem., 3. 180, 1893; P, T, SonneschmiEl, Ann. Chim. 
Phys., (2), 51. 349, 1832; C. J. B. Karstcn* BchyteiggcFx Journ., 05- 394, 1832; U F, Flattner, 
Pogg. Ann., 77. 134, 1840 ; K. A. Winkler, Enropdisehe A malgamalion drr Stlbererze, Freiberg* JGft, 
1848; J. L. Proust, Journ. Phy$„ 62. 211, 1806 ; A. J. Bulard* Ann. Chun. Phys., (2), 67. 241* 
1834; It. E. Hughes, Phil. Mag., (5), 35. 531, 1693; V. Wcltaien, Lubig j Aim 91. 43* 1854 ; 
C. Hensgi-p, /fee, Trav, Chim. Pay-Bos, 2* 124, 1803; K. Jahlcr.yjiHltv, Zeit. phys, Chem., 82, 
115, 1913; B. L Vanzetti* Aft\ Acmtl. Amcei, (6), 10. H, 690, mi i L Bulla. [5), 22. ii, 104, 
1913; T* Paul, tfetf* Etektnxhem,. 18. 621, 1912; O. Scarpa, (Jazz. Chim. JfoL f M* i T 113, 1911 ; 
X. W. Richards and R, C. Walla, Jattrn. Amer. Vftm,. Soc„ 27* 476, 1906; W, L, Hardin, ib., 18 
992, 1806; H, G[ddsehtnidt, Oheta. Centrb 489, 1881 ; W, B, Normand and A. (■. Cuiinming. 
Jottnu Chem. Sue., 104. 1862, 1912; A. Michael and A* Murphy, Amer, Ghent, Joum.. 44. 365* 
1910; L. Brunar and E. Bekier, ZeiL Blektrochem., 16* 372, 1912; G. Carlo, Gazz. Chim. Ital., 
49. ii, 476, 191(1; B, Finzi, ib, r 41, ii, 538, 1911; C. W. SriioeJe, Svetwla Ahad. Ilandl, 36- 205, 
1775l 

* A. Lottermnaer and E. von Moyer, Jourtt, prakt, Vkem., (2>, 50. ftl, 1808; (3J, 57, 549, 
1898; A, Lottmaosar, dr,, (2J, 72. 39, 1906; %eit. j)hys. Chem., 60. 451, HK>7; R, Ruit. Zed. 
anory. Vhem,, 43. 85, 1605; C. Paul and F. Voss. Bcr„ 37* 3802, 1904; Chew. Fair, f/eyilat, 
Oenmn Pal, D.KP. 1034(10, 1897 ; Kalla and Ci>., ib„ 175794, 1900; F, Bayer and Co„ ib„ 
201875, 1912. 

* F. Kuhlmann, Cotnpt. Rend., 42- 374, 1856; H. Debray. ib-, 70. 995, 1879; A, liitto, Ann. 
Chim, Phtfs,, [5J, 23, 551, 1881; R, B, Wilwoy, PAtl Mag,, {0J, 42, 202, 1921; A. W. Hull, Phys. 
Jfetr., (2), 10 l fibJ, 7917; P* itebyo and P* Scherrsr, P^if. Zett. t 17. 277, 1910; 0* Lohmaun, 
Zeil, KrysL, 1. 468, 1877; A. Strong, Acues Jahb, Min., i, 51, 1880; K, JHaushofer, Mikro- 
ttvptsc.hc ffanktionen, Braunschweig, 1085; H* Bohneiuf, Ankitung zur mikrochemischen Analyse, 
Leipzig, 1905; P. Groth, Chemiache Ktystallographie, Leipzig* 1- 206 ( 1906; A. P. H. Trivelli arid 
ft E. Bhep[iard, The Silver Bromide Grain of Photographic Emulsion*, New York, 97, 1921; 
W, Herndons, Zvit. phys, Chcm,, 77. 213, 357, 077, 19LL 

1 G. J. B. Karuten, Sckwsigge rV Jouru,, 66- 394, 1832 ; P. Walden* Zeil, anorg, Cham,, 115- 
341, 1920; T, Hcrapath, PAiT* Afo^,, (J), 64 l 321, 1824; l\ A, Boullay* Ann, Chim. Phys., f2)* 
48. 266, 1831; J, L* Proust, Jmrn . Phys. t 63, 211, 1806; H. Sthiff, Liebig's Ann., 108. 2 L h 1858 ; 
H* G. F, fichrdder, Pogg. Ann., 10ft 220, 1869; F, Mohr, ib., 113. 055, J86I; H. Fleet, ib., US, 
160, 1861 - Q* Quincke, rt., 1S5. 042, I860 ; 138, 141, I860; G. R Rodwell, PhU. Trans., 173, 
125, 1082; Free, Roy. Sqc^ 61, 21J, 1S81; L Domctyo, ELmenlos de Mincmlogia, Setena, 
1845; R A. Henglem, ZiiU anerg, Chen i„ 130i 77* 1921. 

* G. F. Bed well. Phil Trans., m U25, lflS2; Proe. Roy, Roc., 35. 291, 1870; T* CarpeUey, 
J&arn, Ghm, Sac., 29. 489, 1870; S3, 273, 1878 ; W. Ramsay and N- Eumorfopoulos, PAiI Mag*, 
(5), 41* GO, 1896; O, Ehrhardt, Wied. Ann,, 24. 215* 1885; F. Kohliaufloh* ift, T 17. fl42 T 1883; 
A. Potilitziii, Journ* Russian Phys * Chew. £oc, t 24. 1, 1892; J, F. Pereez, Introduction d F&ude dt 
ia ehimie moticitlair^, Paris, 1839; 0. Sandonninl, Atii Aeead . JLiWei, (S), 20, i, 457, 768, 1911; 
C. Sandimnini and P. G, Atneggi* ib., (5}, 30. ii, 6S8t 19U; S, F. Sdieiptschiischny, Zeil. anorg. Ghent., 
&7* 207, 1908; N, Kumatcu and S. F, Schemtechustdiny* ib., 00. J, 1908; W. Trulhe, ib„ 70l 
168, 1012 ; W. Bv tta, CWr, Min,, 123* 1911; H. Stolzonberg and M, R Huth, Zeit. phys* Chem., 
71, 041, 1910; 0. Sackur, ib,, 83, 300* 1013; E. Jhnecke, ib., 60, 266, 1915; O* Snhett, Britrage 
rur Kenntniss der anorganiocher Sekmehvsrbindvngen, Braunschweig, 1881; I* Kablukoff* Jouru, 



m 


INORGANIC! AND THEORETICAL CHEMISTRr 


Base* Pkyt* Chum. Sac., 3ft 914,1907; Zeit, phys, Chm fill 125, 1909; G. Scarpa, Alti Acead. 
Lincti, (5), 22. ii, 452* 10-13- j F, J, Halaguti and J, Durooher, Btchtrehes sur VaMociation de 
Vaneni atu minira ux miiaUiqaes, Paria, 316, i860; A. and Q B. Aikin, A Dictionary of Chmittry 
and Mineralogy, London, 2, 317,1807, 

u T. W. Richards and G. Jones; Jours, Amer. Chen* Soc., 31, 158> 1009; G. Jones, it., 31. 
101, 1900; G. Qtiineke, Pogg. Ana., 138. 141, 1869; A. Gradenwitx, Wi&L Ann., 97, 467 r 1800; 
A. r Cobnn, CompL Rend*, 93 1074* 1881; N, Kurnakcfi and S. F. Schemtschuflchny, Zeit. anorg , 
CAein,*M* 1, 1008. 

11 O, H, Weber, Zeit. anorg. Ohm,, 2i* 306; 1899; O. Ehrhaidt* Wied. Ann., £4. 216, 1865; 

H. V 4 RegnanltAsiuCttis*. Phyt*. (3), 46, 278,1858; F, J.Mala^iti and J. Durooher, Becherchet 
tflf FottHia&m de largent avx minhaux mitaUiquee, Faria, 315, I860; M, tie K, Thompson, Jovm, 
Amer. Chem. Soc., 28, 792,1900; H. EUts and V. Meyer* Zeit. pkye* Ohm, 4* 249,1889; A. Soott, 
Pro a. Roy. Soc, Edin., 14- 410* 1887; J. N. Bronsted, Zeit. Elektrochem., 13 718* 1912; F. Potilit&in* 
ii.* 19. 517, 1013; A. Magnus* Ann.- Phytik, (4J* 31* 007, 1010; W. Nemet, ib. t (4), 3ft 420* 1911; 
A. Eucken, Phy». Zeit*, 10, 586, 1009; HL Fizeau, Compt. Rend., 64. 314, 1807; Pogg* Ann.* 132. 
292, 1867; W. Ncrnst and F. Schweru* Sitxber. Akad. Berlin, 366, 1014. 

11 M. Berthelqt, Ctmpt* RmdL* 87. 610, 1878; 94. 017, 912* 1883 ; Ann. Chim. Fhys., (6), 16. 
433, 1878; (5), 29. 241, 271, 1883; A. Guilty Compt. Rend., 113. 72, 1891 ; RtdL Soc. Chim, (3), 
ft 140, 1891; H. ilibalkm, BuU. Acad. St, Petersburg, 34. 165* 1391; F. IlalU* Ztit Ekktrochm., 
14. 4L1, 1008; U, Fischer, ii., lft 287, 1912; ZeiL anorg. Ohm., 78. 41, 1912; J. N. Brbnated* 
Zeit. phys. Chew., 56.645,1906; E. Lorenz and M. Katsy&ma, ii., 63-119* 190S; H. de K. Thoznp' 
eon* Joum* Ame r. Chart. Soc., S3, 731, 1006; J. KablukoF* Jo urn. Jfogj. Piys. Ohm See., 39. 
014, 1907; J. Thomson, Tkermachemisfhe UntErsuckvngcn, Leipzig, 3- 331, 1334; Anon.* 
Jovrt, i. Franklin Inst., 188. 142, 1019; H. Brnune and F. Koref, Zeit. anorg* C'ftero., 87, 176, 1914, 
u W. Kahlrausch, Wi&L Ann., 17. 642, 1832 ; 33. 42, 1383; L. Grata* ft., 29. 327* 1886; 
0. CL Kcliinidt, i5.*64l 708, 1898; S. Meyer, ii.* 68. 325, 1899; 69.236*1809; Ann, Phytik, (4), 

I. (3414* 1900 ; J. C. Ghosh, Joann. Ckem. Soc., 117- 323, 1020; T. Ishiwara, Rep. Science Tohobt 

Imp. Univ., 0, 253, 1020; F. Dutoit and G, von Wei wo* Jouni. Chim. Phy&., 9. 030* 1011; 
M. Katayama, Zeit. phye. Ghent. 61*506,19U3; 1L Loronz and M. Katayama, ii., 62, 119* 1808; 
Cl Tub&ndt and E. Lorenz* If. Eemst's Festschrift, UalJe a. H.* 450* 1912; M. ta BJano and 
F. Kereehbauiu* Zeit. Ekktroehem*, 19 242, 680* 1910; K, Arndt and A. Gassier, ti.* 14. 603* 
1008; IL Beiitner* ti., 15. 439* 1909 ; F. Uabor* Ann. Phtjsit, (4j, 26. 927* 1003; W. Wilson, 
it., (4), 23. 107, 1907; C. Schell, it., (4), 16. 193,417, 1905; E. Bocqaeiel, La lamierc t Faria, 2* 

121* 1306; G. M. Minchin* PM. Mag., {5), 31. 207* 1891; H. Luggin, Zeit. phyt. Oka n., 23. 

577* 1897; G. Dima, GompL Rend,, 157. 600, 730* 1913; A, de Gruuiont, BuU. Soc.. A/in,* lft. 
386, 1805; S- Arrhenius, Siitbir. A lead. Wien, 96. 831, 1383; H. Jackson, Joum* Chan, Soc*, 65 

734, 1804; G. Tuhandt* Zeit. anorg. Ohm, 115. 105, 1020; V, SsJidenoini, AM Ac&xd* Iahc a, 

(6), 24. i* 016, 1016; G. Triimpler, Zeit, phys. Chen t.* 90L 9* 1021. 

11 A, de Chi&e&n?, BuU* Sac. Min* t 5, 143* 1862; J. A. Wilkinaim* Joam. Phyt. Cheat*, 13. 
723* 1900; H. Kortenstoin, Zeit. Phot., II. 09, 1912; H. Hubens and E. Aschkinas* WictL 
Ann,, 65. 241* 1898; *T. W. Hiahards and H. C. Weds, Amur. Chern, Joum*, 35. 09, 1006; 
d Wiaainger, Bull. Acad. BcJgique, (3), 15- 300, 1388; L. Wernicke, Pogg. Ann.* 142. 506* 1871; 
S. Frecopiu, Compt., Rend,, 173* 409, 102L 

lt dH, Pfafi, Handbach der analytischen Chrnie, Aliena, 2, 283* 1321 ; G. J. Mulder, Die 
SUbtfprvbitnndhwle* Leipzig* I860; F, Kolilrausch and F. Eoae, }fi&J. Ann., 50. 127, 1303; 
ZeiL phys. Ghm, it 242. 1603; F. Kuhlraimch* ii., 50. 355* 1906; 64. 129* 1908; 0. Uoitoraa* 
ii., SOL 272, 1896; W. fidttger, ib., 4ft 002* 1903 ; 56* 33* 1906; H. M. Goodwin, tb., 13. 645* 
1804; A. F. Hollemfuin* it.* 12. 132, 1803; A. A. Noyea and U A* Kebr* ii.* 4& 336* 1003; 
E, Abegg and A, J, Cox, #.,46. 1, 1903; Zeit. Eldctrochan*, 0, 802, 1903; A. Thiel, Zeit, anorg. 
Ohm., 24. 57, 1600; G. S, Whitby* it., 67. 107* 1910; A, Ditto, Arm* Chim. Phy*., (5), 22. 5G1, 
1881; J* P- Cooke, Amer* Jouni. Science, (3j, 2L 220* 1381; Chm NaM t 44. 2M, 1881; 

J. S. Stas* Compt, Bend,, 73. 098, J870; Ann, Chim. Phy*., (5J, 3. 177, 1874; J. L. Gay Luasac, 
ib,, (2), 68. 218, 1835; A. CL Melcher, Jtmm. Amw. Chctn. Soc-,* 32. 54, 1010; C. van Eoaacni, 
Chem* Woeib*, 9. 203, 396* 1012; L Kolia* AM Accad. Lined, (5), £2* ii, 104, 1013; CL St. Pierre* 
Compt. Bend,, 73,1090,1371, 

11 O. fit* Pierre* Joum, Pham. Chim., f3), 12. 237* 1848; Compt, Bend., 73- 1000* 1871 ; 
H. Debay, it,* 70. 340, 1870; F* Euyason and K. Varenne* #.* 93. 524, 1450* 1881 ; BnlL Soc. 
Ckim,, (2>, 60.5* 1881; JEL H, E Eeineeh, Journ. prakt. Ohtm, (1)* 13* 133, 1838; O, L. Erdmann* 
ib., (XL 1ft 341,1340; J. P. Cooke; Amer* Joarn. Science, (3)* 21.220* 1881; A- Ditte* Ann. Chim* 
Phys., (5), 2ft 551* 1861; A. Vogel, Jtepert. Pham, 2ft 335* 1874; W. E. Barlow, Jonrn* Amer* 
GhmSoc,, 2ft 1446*1906; A. A. Noyes and W. CL Bray* ii.* 39.160* 1907; G. Bodl&nder, Btr>, 
2ft 2878, 1903; B* Abegg. Zeit. anorg, Ghent., 20. 453, 1899; G. S* Whitby* ZeiL artorg. Chart., 
67, 107* 1910; A, RoserSeim and S. Steiobhoser, ii„ 25,103, 1906; R II, Brett* PAif. JffljT-, 10. 
95,1837 ; J. Form^uek* LAtiy Chem., 11. 87,1687; H. C. Hahn* Eng. Min. Joum., 6ft 434,1808; 
Q* J, Mulder, DU Silbcrprbbtermeihode, Leipzig, 62* 1859; H- Moree* ZdL phys. Chm,, 41, 709* 
1902; R Lather, &* 3ft 402, 1901 ; J. T, Hewitt, Proc. Chm Sor.. t 3ft 10* 1907; B. H + Buttle 
and J. T. Hewitt, *fo“rn. Chart. Soc. t Bft 1405, 1008; J. Spider, Phil Mag,, (4), 10L 18ft 1800; 
E. IL Bieaenield and H. Fold, Zeit. EkHrochem, 3ft 286* 1920; A, Cl and JL £L Beoquerei* 
Trmti d'tiectrieiti et magnitutne, Paris* ft 372* 1856; J. Percy* Cold and SiUer, London* 1. 6ft 
1880; L Kabiukoff* Joum, Rttsa. Fkyt* Chm. Sac., SB 914* 1907; ZeiL phyt* Chart,, 6ft 12ft 



SILVER 


407 


1009; G. Soarpa, AM Accad. Uniti, (5), 22. Ii, 462, 1613 ; H. W, F. Wachenruder, Liebig's Awl, 
41. 317,1842; J* voa Liflbig, ib., Si. 12ft 1851; J. 8, Sta^ Ann. ttt™, i%i,, (5), a 179, 1874; 
A Sauer, Zeit. anaL Chtm., 12. 17ft 1873; J. Earn®, Chm. New, 51. 97, 1885; R Finzi, Gazz. 
CAiffl, 7^,31^334, 1003; a SchierhoR, Sibber. Akad. IF«m, 101. ft 1890; E. V&Ienta, tb., 
10ft 191, 1894; MemaUh- r 15, 249, 1804; & Retohert, Jourtt. prakt. Chm., (1), 93.237, 1804 ; 
P, A* Guye> Jvurn. Cfam. Phys., IS. 145, 1813; P. Mayer and A. Stahler* Zeit, anorg. Cheat., 77. 
255,1013; if, G. Chafcteiji and $i. R. Dhar, Chm. News, 121- 353, 1620; a vau Rossem, Chan. 

303, 309, 1912; W. Bottger, Zeit. phys. Chm., 46, fl02, 1903; 5ft 83, 1006; 
G* & Forbes, Jonrn. Amur. Chm. Soc. t 33, 1046, 1011; G, S. Forbes and H. 1. Colo, ib, 
4X2462, 1021; N, A.E. AOlluti and A. Commaille, Cempi, Read., 5ft 300, 1803; H, 0. Hah iu 
Bny. Min. Journ., 65. 434, 1898; K, Luther and A. Heubner, Zeit. nnorg Ohm., 74. 389, 1012, 
* f E. C. Franklin and C. A. Kraue, Anter. Chm. Journ., 20. 828, 1898; J. R, Glauber, Fanis 
jams philaeophkis, Amsterdam], 1550; W. Wallace, Jl A. Pep., ii, 88, i860; flAm. Gaz., 9. 
387, 1851; S. W. Fischer. Fogy. Ann., X 43, 1820; Gilbert'* Ann., 42, 230, 1812; B. Pohl, 
Sibber. Aka<L Wien, 41627, ISflO; G. Schiwholx, ib., iQt. ft 1890; If. A E.hMiUoh and A Com. 
mulle, Comypt. Bend., 56. 309, 1883; B. Jany, fi&hcrcfa# svr h diwac^ariWde divers compare* 
cttnutonfaw ffu contact do Lean, Paris, 1809; CWpf. Brnd., 124. 288, 1897; A. Tcrreii, ib., 0& 1370, 
1884; BvlLSoc. Chim.,{2) t 41- 507, 1884; A, Seniw,/'Auwt, *Wn„{3), 14,1, J5S3; W. U. Whitney 
and A C. Helcber, Joan. Amur. Chew, tfoc., 25. 89, 1903; A. Longi, Gazz. Chm. ItaL , 13. 87, 
1883; K ValenU, Monatsk, 15. 246, 1804; G. Itodlander, Zeit. phys. Chm., 0, 73U, 1892; 

G. Bodlander and R. Fittig, ib., 39. 697, 1902; W. Biltz, ib., 57, Mil, 1909; W. Hilts and 

W. Stollenwerk, Zeit. anorg. Chem., 114. 174, 1020; M, Faraday, Quart. Jourtt. tkiejxe, 5. 74, 
1815; B. Kana, Ann. Chim. Phys., (2], 72., 290, 1820; F. Lambert, Ann. Ewk Nvi m, 5. 188, 
1808; Vvmpt. lteitd.,M. 1520, 1868 ; 86.QU8.1878; A Hontiuunn, for., 9.740,1878; B, Gownor, 
Zeit. Kryrt, 38,133,1604; D. W. Hern, Awer. G’Afwi. Jotim., 37. 019, 1007; ,L Straub, Zeit. phys, 
Chcrn., 77. 331, 1011; H, Ley and G. Wieguer, Zeif. Etekirvchm, 11. 590. 1906; W. IWre, Zeit. 
tinorg, Chm, 77. 163, 1012; <L J. Mulder, Pie HUberproOkrtnctitode, i860 ; 1 J , lliTthicr, 

Trniti den estate par ta vote stehe, Faria, 2. 789, 1834; A. Vegcl, Kepert, Phatni,, 23. 335, 1874; 

H. O. Hahn, Tmns. Amur. Jnrt Min. Eng., 2. 69, 1874; Anp. jlfirt. Jvtma, 65. 434, 1808; 

G. S. Ferbea, J&itm. Amer. Chm. 8ac., 38. 194H, 1911; J. L. rruuut, JoMfn. Pfojs., 62. 2lt 5 I80(i 
ia J. Nbustadt, Zeit. Etektrockem., IS 808, 1910 ; A Vog<9, Jottrti. prukL Vhem., (1), 2. 197. 

1834; l r . T. Austen, Amt*. Chm. Jotttn., 11. 280, 1880; G, H. Furbua, Juthti. Amer. Chrn*. Mor,, 
33. 10HS, 1911; H. Arnold. ZeiL tmoi. Chem., 61. 554, 1012 ; G. BudlaiHltr, Zeit phys, Chan.. 
9.730, 1863 ; R Wuth,Ber., 35.2416,1902 ; H, Euler, ib. t 36.2878,1903 ; F, Myliusaud G. JHutt- 
oer, t&. T 44- 1316, lull; L. Kahlonborg and W, J. Wittieh, Joum. Phys. Chm, 13, 421, lUOO; 

F. Bozuld, Das Yerkalten chtimscher YefUndmgm in Mcthybeetat, Gieeucn, 1000; Si. Ibmuru. 
Y erbatten da Hategenverbijiduftytn dee Qxeckailbers inreinm und in bet 18 IJ inti lYasscr g&tattitfkm 
Aethfflacetat, Giesaen, 1900. 

Lf D. Tommaei, Bcr., 11. 1340, 1878; H. Schulze, Journ. pr<ikt. them., (2J, 21. 407, 1880 ; 
A Mailfert, Cmpt. Pend., 94, 800,1883; A. Jouniauic, ib., 129. 883,1809; 13X 1270, 1658, 19UL 
** H. I>. Uoateanu, Finite de FuctiW du gaz carboniqne sw k& stilfurc# snmSn iiu, Paris, 1014 ; 

H. Bow, Pogg, Awu t 24. 334, 1832 ; 27. 117, 1833; C. Stammer, ik, 32. 135, 1835; A. Granger, 
Vwnpte PentL, 124. 800, 1807 ; F. G6bel, Joum. prakt, Chm, (11, 6. 388, 1835; A, O. Hloxam, 
Chm Nms, 52. 183, 1885; J. Thallwitz, Zeit. pbyt. cheat. Unter., 17. 224, 1904, 

“ E. Ftikol tmdJ.B. Sender*^ V<mpt. lUnd. f 93.153,1881; A. Luvallets,t6., 90. 1600, 1883; 
i\ J. Molaguti and J, Luroyher, ib-, 26. 100, 1848; Pochsrches tor £ association de largent atus 
minimnx mitttUiques, Faria, 362, I860; C. J. R Xarsteu, Karstai'e Archw,, [2), 25. 183, 1562 ; 

C. F. Wenzel, Lchre von dtr Vtrwandschafl dee Korper, Hresden, 1777 ; P. Earthier, 1'ratii de* 
estate par la vote riche, Paris, ft 788, 1848. 

11 B* Keir,FAtf. Tmn j., 30.384,1790; G. Wetzlar, tfchwiggtr'sJwtrrt., 21.373,1827 ; K. Itgao, 
Chm. Gaz, t 5. 2, 1847; K. Seubert and A. Schmidt, Ltebig's Awft., 287. 218, 1892 ; A. Geuther, 
ib., 114 121, 1800; N. W- Fiacber, Pogg. Ann., 6. 43, 1826; GMcrts Ann., 42. 230, 1812; 

R Vigeuruur, Bull, Zvc. Chin (4), 1, 702, 1007; D. Toinmaai, ib., (2), 3ft 145, 1882; Cazz. 

Chm. Hal., ft 104, 1878; U. Antoni and G. Turi, ib., 3ft ii, 231, 1893; J, Wchnausu. Archiv. 
Pham., (3), 0. 411, 1875; A H. Gladstone and A. Tribe, Phil Mag., (5), 11. 508, L881; F. Maw. 
row and G. Mellow, ZeiL anotg. Cheat., SI. 06, 1909; M. C. Lea, Arne*. Joam. Science, (3J, 3ft 
482, 1887; p t Jannaanh, Jown. prakt. Chm, (2), 7ft 34, L9U8; J. N. Brfinated, Zeit. Elekteo- 
chm., 1ft 700, 1013; W. Keiudem, Zeit. v hoe. Chm., 77. 077, 1911 ; R. Esualcs, German Pat., 

D. R.P. 116014, 1899; l\ T. Sennoaohmid, Ann, Chm Phy*.. (2), 51. 349, 1832; P. Bertbier, 
tft, 7. 820, 1843; ti. Wetalar, ib., 61. 373, 1827; J. Soymuur, Pham Rands., 204* 1894; 

G. Sfcutmi* Gait ItaL, A 3ft 1874; A. HoBenheim and ft Steinhauaor, Zeit. anorg. Cheat., 

36.73,1000; A Sauer, Zeit. anal Chm., 1ft 17ft 1873; K Biegler, ib., 40. 63ft 1901; G.J.Mol^ 
der, Die Silverprabiermethodc, Leipzig, I860; T. E. Thorpe, Joatn. Cheat. Hoc., 2ft 45ft 1872 ; 
0. St. Pierre; Cmpt* Pend., 7ft 1090, 1871; A Vogul, Jourjt. prakt. Gfam., (1), 2. 197, 1834; 

H. Motsuan, Lt. jiuar et sea tompotis, Paris, 1900; J, J. Iterteliu^ Pogg. Amt, 14. 55ft 1828; 

Lchrbtwh der Chemie, Dresden, 4. 62ft 1836; G. B. Bunino, Gozz, CMot ItaL, 5L ii, 201, 1021. 

" P. Julius, Zsit. anal Cheat,, 22. 523, 1883; A PotUitsdn, BttU. Svc, Chim-, (2), 3ft 26ft 
1882; Ber„ 1ft Blft 1882; 1X3061,1883; 17*1308, 1884; T. ft Humpidge,tft, 17.1838,1884; 
K, N. Behetoff, Joum. RtM. Phys. Chm- Sac., I. 44, 1881; 14. Bertbelnt, CoatpL Bend,, 100. 
701, 1885; Ann. Chim. Phys., {&), 2ft 94, 1881; (6>, S9. 280, 1883; R Field, Joatn, Chm 






408 


INORGANIC AND THEORETICAL CHEMISTRY 


ttoc.. 10, 234, 1357; A. Colson, Cowpt. R&uL, 93, 1074, 1831 ; A. Mailfert, t'fc., 91 860, 1S&2 ; 

H, Baubigny, it., 14& 1097, 1908 ; K W. 0. dfi Cuninck, itoH Sot, Chim. t (4), 6, 02, 1990; 

aMazzarun, AUi hi, Kfww'w, (")> 7* 1124, 1600; H. St. (1. UevilEo. Ompt, Rend., 43. 970, 
1650; C. Lowig, Zfcu ftrom and nein$ rhtmischen VerhaifniMe, Heidelberg, 1829, 

24 F. Jlprthier, Traiti des twain par In wote niche, Paris, 2.789,1840; F, J, MtUaguti and J* Duro- 
cber, Jiachrchen mtr rnwociatioA dt Vtogent aax mintmux mttaUiqncit, Farits, 388, I860, 

“ G. Wotzlar, Hckivcigger's Jottrn., 21. 371, 1827 % 33, 97, 1828; J* Pcmy* Silver and QqIA, 
London* 1. 03* 1880; J* B. J* D, Bougamgatilt, Ann. Chim. l r hy$> f (2), 54. 201, 1833; A. C, Bee- 
queral, ib, [2), 41* 33, 1829 ; Traiti de r&kctrkitt H i tnagnitosme, Paris, 2. 80, 1856 ; F. Cornu, 
Nrnes Jahrb. Min, , i, 25, 1908; W, ttotta, Cin trb* Min,, 138, Kill; O. Sehot.t, Bcitrarje zur 
Krtinitiis der attorganinehcr Sclmehi^rbindungen, Unimifrhweig, 1881; C. Handouniiu, Atti 
Herod* Lined, (5), 459, 700, 1911 ; t-. tiarubilmm and 1C CL Aureggi, ib,, {5), 20, ii, 692, 1911 ; 

C. Sandrinniid and G, StMirpa, ib., (5), 21. ii, 80, 19J 2 ; P, tie, Oegaris, i&., (5), SQL i, 597, 1911 ; 

G, Pinna and U. Gabbi, ili„ (5), 20. i, 1911 : (Jazz, Chita, ItaL, 42. ii, 78, 1912; GL S. Fnrbw, 
Jvura Amtr, Chctn, Hoc., 33. 1039* 1911 ; S, F. Suhemtachutwhny* font, anorq. Cheta, 57, 207, 
1908; H, L. Wells and H* 1* Wheeler, Amur* Jottrn, Science, (3), 44 155, J892; O. Sackur, 
fait phyn, Chem.,9^. 302, 1913; G* Tajmuuiiii, (fott, Nadir,, 290, 1913; K H. Duuleux, Awd. 
Assoc. Quim Argent inn, %* 215, 1921. 


§ 15. Action o( Light on Silver Halides 

When sil vor chloride is exposed In light, it darkens, assumes a violet tint, which 
passes into brown, and finally turns blade. This fact was made known by O. Gcsner 1 
in hie Dc vmni return fossUium (fenere (Tiguri, 1565), for ho recorded that horn 
silver darkens when exposed to light; R. Hoyle (1660) noted that horn silver 
blackens in air ; and G* Sue.kow specially studied the action of light on chemical 
compound*—-vide introduction to silver chloride. Chhriiw in e.\wtvwl when white 
silver diforide is blackened in Hffht. If white silver chloride under water in a 
closed flask be exposed to sunlight, C. Wetzlar' 2 noted that the contents of the 
flask furnished chlorine. This continues time after time, the amount becoming 
smaller and smaller until at last what little chlorine is given off is converted 
into hydrochloric acid and oxygen. Even then, the innermost part of the white 
silver chloride remains unchanged. The loss of weight which occurs is small— 
N. W. Fischer found 01473 per cent, ; G* J, Mulder, 0 36b per cent, ; E> Hitch¬ 
cock, 8'57 per cent.; and A, Richardson, 8 per cent,; while E, von Bibrn found no 
perceptible loss after five weeks 1 exposure ; Lb Toimuasi could detect virtually no 
loss of chlorine ; 1\ P, Koch and F. Schrader that with the light from an arc 
filtered through 80 cms. of a one per cent. soln. of cupric sulphate, the silver 
halidca do not change more than 1 to 2 per cent* in weight. According to 
E. Sonstadt, anme hydrogen peroxide is formed ; and, according to W. R. Hodgkin- 
son, ozone is formed. 

P. P* Koch and F. Schrader also showed that if silver bromide is definitely 
darkened by a light of 3200 cnndle metre seconds, in 5 seconds, in the same time 
silver chloride is darkened by light of 940 candle metre seconds* Ten minutes' 
illumination of silver iodide by the same light only gave a weak greyish-black 
coloration. 

According to Cl* F* A. Morren, chlorine water restores the white colour of blackened 
silver chloride so that the chlorine liberated during the blackening of silver chloride 
sets up a back reaction* Silver chloride, when sealed in a glass tube with chlorine 
water remains white so long as free chlorine is present, but it becomes brown when 
the chlorine has been all converted into hydrochloric add. The white colour is 
restored when the tube with the brown chloride is placed in diffused daylight or 
in darkness. G. Wetzlor found the blackening is slower under a soln, of sodium 
or potassium chloride than under water, E. von Bibra aays that white silver 
chloride is not blackened under aq* soln. of cupric or ferric chloride ; nor, according 
to H, W. Vogel, is it blackened under mercuric chloride soln., but it is blackened 
under acetic acid, and the mineral acids, C, W. Scheelc said that white silver 
ohloride is not blackened under nitric acid, but F. Guthrie, G. Wetzlar, and 
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EL vo/> Bibra said that it is blackened under dil or cono. nitric acid, and G. 0. Witt- 
stein stated that under nitric acid of sp. gr, 1'23, it is coloured pale violet by two 
days 1 exposure to daylight: and dark violet by an hours exposure to sunlight; 
while under nitric acid of ep. gr. L4 it remains white in diffused daylight, and is 
coloured pale violet by an hour’s exposure and dark violet by 4 hours’ exposure 
to sunlight. G. Wetzlar also found the white chloride to he discoloured under 
hydrochloric acid; while H. W. Vogel, and E. von Bibra found the blackening 
to be delayed under cone, sulphuric acid ; H. Vogel noticed only a faint discoloration 
under aqua regia ; and, according to G. Wetzlar, it is not blackened under a so In, 
of ferrous sulphate- H, Rose, and E, von liibra found silver chloride is not blackened 
when mixed with mercurous chloride; and. F. Field states that silver chloride 
crystallized from an aq. soln. of mercuric nitrate remains unchanged, and also 
if it is exposed in a moist condition to sunlight. J, J. Pohl found silver chloride, 
prepared at 60 U “B0°, and kept at tliis temp, in the liquid, is not blackened after many 
days’ exposure to light; and the darkened silver chloride becomes paler when 
heated, but it does not become white. H. B. Baker found white silver chloride 
under dried benzene is blackened on exposure to light, and, according to M. CL Laa, 
also under carbon tetrachloride, but, according to H. B. Baker, not if the solvent bo 
thoroughly dried and air be excluded. N. W. Fischer found the white chloride 
to be discoloured under alcohol, ether, and nut oiL 

White silver rMoride is nut discoloured in darkness at tump, below 100°, Although 
G. J. Mulder ^ stated that white silver chloride gradually turns grey when submerged 
in water, and protected from light. FI. von Bibra could not detect the slightest dis¬ 
coloration when tiie chloride was kept for 8 days with light completely excluded, 
but when tins temp, exceeded 100 & , the chloride was soon discoloured. According 
to T. J. fkebeck, 4 the presence uf weistwe is necessary for the discoloration of white 
chloride in tiylU, for it is not decolorized in vacuo over sulphuric acid, and 
It. R Hughes exposed thoroughly dried silver chloride to intense sunlight without 
discoloration, but directly ordinary (moist) air was introduced, the discoloration 
occurred. T. J. Setback also found that covering the white chloride with alcohol 
protected It from blackening for some time. According to J, J. Ackworth, silver 
chloride becomes insensitive to light if heated to 220°; this M. CL Lea attributes 
to the need for heating the chloride to this temp, to make sun* the moisture is all 
removed, and not to the existence of a variety insensitive to light. 

The early observers on the darkening of silver chloride in light assumed that 
the result is a simple decomposition of silver chloride into metallic silver 6 and 
chlorine, but the fact that the darkening occurs under cone, nitric acid, or other 
solvents of silver, ousts the hypothesis that the darkening is due to the liberation 
of metallic silver. To get over this difficulty F. Guthrie supposed that the metallic 
silver which separates ia in a special mol. or passive state. 

In 1814, N, W. Fischer ^ suggested that the darkening is due to the partial 
decomposition of silver chloride, resulting in the production of a subehloride ; and 
A. Riche assigned to the supposed subchloride the formula AggOl^- M. G. Lea 7 
suggested that a compound of silver chloride and subchloride, AgCl.?jAg a Cl, is formed. 

J, J. Berzelius 5 stated that the blackened silver chloride is not attacked bv 
nitric acid, but R. Hitchcock says that an amount of silver passes into aoln. whicn 
is eq. to the chlorine which has been developed. H. B, Baker whitened the black 
chloride by ladling it with hydrochloric acid. 0. F, Bcrthollet says that the 
blackened chloride dissolves without residue in aqua ammonia, but E. MitecherUch 
and others have shown that a little changed chloride remains undissoived. M. C. Lea 
found that when the blackened chloride is digested with a soln. of sodium thio- 
sulpliate, a little metallic silver remains undissolved. H. B. Baker states that 
blackened silver chloride dissolved in a cone, neutral soln, of potassium chloride, 
and the resulting soln. has an alkaline reaction. 

According to H. W. Vogel, 0 the dark product is an oxychloride identical with 
the black product obtained by L, Wohler by the action of hydrochlojie acid on silver 
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m some way so that the most intense ohange occurs where the light is brightest) while the 
change ia leae intense in the shadows. No visible change is apparent until the plate is 
developed. The plate ia developed by treating it with a reducing agent—ferrous sulphate, 
pyrogallol, or some special developer. The developer continues the change started by the 
light, but is without action on the unexposed parte of the plate. As a result, finely-divided 
silver is deposited on the parte of the plate illuminated by the light reflected from the object 
The deposit is thickest where the light was moat intense Hence, the dark parts of the 
object appear lightest on the plote* and the light parts dark. The image is thus the reverse 
of the object, and the plato is accordingly called a The silver salt which has not 

been affected by the light nor by the developer is now remenfed, and the image thus fixed 
on the plate by immersing the plate in a sum, of sodium thiosulphate, The plate in then 
washed and dried. A prwtf is made by laying the negative upon sensitized paper—that ia, 
paper prepared in a similar way to the negative—so that the light must pass through *’ 
negative before striking tho paper. Tho negative absorbs the light in proi' ft,,i: “ nitrate, 
thickness nt thn deposit of silver, so that the print has the same shsdmtf under the agency 
V*Ml4rw(ii:.^' -'. ../*J?»nlptia*e to of atm. air had taken 

place, R* Hunt's proof is not conclusive, but H. B. Raker repeated the experiment 
talcing extreme precaution*) to ensure thorough desiccation, and he came to a similar 
conclusion, H. B.'Baker showed that the blackening which occurs when white 
silver chloride under dried bunrene is exposed to light, is not the normal typo of 
blackening because the product is metallic silver removable by treatment with nitric 
acid, H, B. Baker suggested that an oxychloride with the ultimate composition 
Ag 2 ClO is formed, which when kept in the dark absorbs more oxygen, forming 
a white oxychloride. W. R, Hodgkinson supposed the oxychloride is Ag^OC^, 
that is, AgCLAg.O.Ag.AgCl M. C. Lea says the blackening cannot he due to the 
formation of an oxychloride because it occurs under naphtha where oxygen and 
moisture are excluded. The phenomenon may be here related with that observed 
by H. B t Baker with benzene, E, von Bibra supposed that tho blackening is due 
to change of white silver chloride into a dark-coloured silver chloride in a different 
molecular or aUutropic state. 

As previously indicated, C. W. Schcele showed that violet light is more effective 
than light from the other parts of thu spectrum in darkening silver chloride, and 
J t Senebier, in his Mitnmras physico-chimiques sur Vinjhmwe de la lumi&re solmre 
pour modifier les Siren des trois rtyncs de la nature (Genhvo, 1782), states that when 
horn silver m a darkened room is exposed to light of various colours, the times 
required for darkening are as follows : 

Violet Purple. nine. Oftm Velio*. Ormge. Sts d, 

10 2S 20 37 330 720 1200 seca. 

There is nothing to show if the intensity of these different-coloured lights was the 
same, R. Bunsen and H. E, lloscoe found that the amount of silver chloride 
decomposed in a given time is not proportional to tho intensity of the incident 
light* but diminishes with time. By exposing a thin layer of silver chloride to 
light, tho initial colour is violet-red, which changes to black, Tho black product 
ia soluble in dii. nitric acid* Three layers have been distinguished in a film of 
insolated silver chloride—(i) black metallic silver; (ii) red silver chloride; and 
fiii) white unaltered chloride. Coloured silver chloride was obtained chemically 
by G. Wetzlar by the action of soln. of ferric, cupric, or mercuric chloride, for a 
short time on metallic silver. Tho following illustrative experiment is due to 
G* Staats: 

A plate of polished silver was immersed for 10 minute* in a & per cent, so In. of ferric 
chloride, by which the metal became covered with a slate-coloured film. The metal was 
then placed under a frame with strip of rod, green, orange, and blue glass, and exposed 
to a bright light. The colours were reproduced on the metal plate. 

The coloured products obtained by tho actionof light ousilver chloride can be obtained , 
by chemical processes. For example, J. Cavalier passed a stream of dry chlorine 
in darkness through an ammoniacal so In. of silver chloride, and obtained first a 
turbidity, and finally a black precipitate. Both E* von Bibra and F. F* Dulk 
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metallic silver He attempted to demonstrate on increase in weight during the 
production of the latent image, when an unstable oxyhalido of silver is formed, say 
AgBr.O.AgBr, but L. Cramer was unable to establish the accuracy of J. von Tugo- 
lessofTfl experiments on the oxidation of silver bromide by dil. solm of hydrogen 
peroxide, sodium nitrite, etc., and he tried to show that oxygen is not necessary 
lor the development of the latent image. 

2. The assumption tint the halide suffers a physical modification. —In this hypo¬ 
thesis it is assumed that the silver salt undergoes a physical change when the latent 
image is produced whereby the silver brtmide remains silver bromide, but the nature 
of the combination into aggregates is modified. Thu product is then invested with 
I^eiita^rties known to be possessed by the latent image, and the pJicnomcnon is 
by forming sub(3in*For example, the silver halide after exposure to Wht m more 
by acting on subchloride vd vi<*]ds more —*■ - ^ * 

almost any soluble salt of silvtj. .. mil lerrous, manganous, or ebromuuH oxide, etc., followed 
by HCl; by reducing silver citrate by hydrogen and treating it with H(_'l; by treating 
a soluble silver salt or almost any silver aolix with potash or soda and almost any reducing 
agent, cone sugar, milk sugar, glucose, dextrine, aldehyde, alcohol, etc., end supersaturating 
with 11U ; tlioro is no easily oxidixable organic substance that I have tried that hn* 
failed to give this reaction. Also almost any salt of silver exposed to light, treated with 
If Cl, and then with hot strong nitric acid, yields it. Almost any of these classes represents 
u long range of reactions, each susceptible of endless variation. In fact* the mure the 
matter is studied* the more extended the range of reactions is found to be that give rise 
to I ho formation nf this substance. To show how slight an influence will lead to the pro- 
dilution of red chloride instead of wliite; if froslily precipitated argentic oxide is mixed for 
a fftw minutes with starch or tragaconth paste and is then treated with HU* the result is , 
not white, hut pink silver chloride. 

M. C. Lea nectna to regard the photohulidns an adsorption compounds of silver 
halide and nubhalidc. He says that just as alumina unites with certain colouring 
matters to form lakes , so may the silver halides unito with a certain proportion 
of its own subsalt, which by the union quite loses ite characteristic instability and 
forms a compound of great permanence. All varieties of photechloridc arc destroyed 
by a prolonged treatment with hot cone, nitric acid, but in some cases it may 
require 25 hours* boiling to convert it into the white chloride; the photechloridc, 
also, may even resist boiling aqua regia for a time. Exposure to light changes 
tiie brighter shades to purple or purple-black. Black specimens at KX) 1 *, in a 
drying oven, become purple or chocolate ; a grey variety may become pink. 
It. Lorenz and K. Hicgc also attribute the darkening of silver chloride or bromide 
to the formation of ultra-microscopic particles of silver, so small that the crystals 
appear optically clear even if coloured violet. If the slightly darkened crystals bo 
removed from light aud heated to 350°, the darkening continues, but if heated 
without previous illumination, there is no darkening. The latent photographic 
image, on this hypothesis, is a complex containing colloidal silver. F. Wdgert 
and W, Scholler say that silver chloride in an emulsion is of itself not sensitive 
to light* but that the colloidal metallic silver which is present in small proportions 
as an impurity, is the only substance present which is aenaitivo to light. 

The photohalides, says L. Cramer, are normal halides coloured by colloidal silver, 
and those obtained by chemical processes arc quite similar in their properties bo 
those prepared by the action of light on the normal halides. The different colours 
correspond with the differences in the gram sire of the colloidal silver. A* P, H. Tri- 
volli like M, C. Lea regards the photohalides as normal halides coloured with the 
subhalides not metallic silver. Either hypothesis can be defended, but not the 
one to the exclusion of the other. The colloidal silver hy|>othesLB is the simpler 
and is therefore preferred, L. Schaum and H. Lang studied the relation between 
the colour of the photohalide and the colloidal character of the adsorbed silver* 

Photography.—A celluloid shout or a glass plate is coated on one aide with a film of 
collodion or gelatine containing, say, silver bromide in suspension, and dried, so as to form 
a photographic pbtfc* The plate is placed in the camera, and momentarily exposed by focusing 
the image of the object to be photographed on to the plate. The silver bromide is affected 
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in eonra way ho that the moat intent change occur* where the light i* brightest, while the 
tI ths shadows. No visible change is apparent until the plate is 

a&fctopta, The plate is developed by treutme it with a reducmi? Hjjent—fair™™ 



■ilvHr Tv l i P ™^ pftrtB tn * A* a resultp finely-divided 

silver u deposited on the parts of the plate illuminated by the light reflected from the object. 
Tbe deposit is thickoet where the light was moat intense. Hence, the dark parts of the 
Object appear lightest on the plate, and the light parts dark. Tho image is thus the reverse 
hL? sSnUtS' K? d *k h< ;- P h te 18 “0t"dingly called a negative.. The sUvhr salt which has not 
been offMted by the light nor by the dovelotier j a now remosexi, and tho imago thus fixed 
™ ‘"“Wnimg tho plate in a sofn. of sodium thioeulphato. Thepkto is then 

nCn.™,™S ■ P T “ mad0 lfl>,,na 1118 ne « ativB U P°" paper-that is, 

“1 , B ' :nl , : r ™y 10 thR negative—so that the light must pass through the 
i km , K * h ?, POpor. Thenegative absorbs the light in pW^Ttion to the 
thidmess Of ihe deposit of silver, so that the prrnt has the same sh&^aTthS object. The 

[Viper is then treated with a soln, Oi to image. The print may 

bo toned by immersing it in a soln. of gold chlorirto so that some of the silver is replaced by 
gold ; this gives the print a worm reddish tone j if a platinum salt be used instead of gold, 
a steel-grey tone is produced. The image on tho print will bo the reverse of that on the 
negative, and will therefore correspond with the object* Hence the print may bo called the 
positive. 


It will be evident that although no visible change is apparent in the film of a 
photographic plate which has been exposed, the light must have produced a marked 
difference in the film on the exposed and unexposed portions of the plate because of 
effects subsequently produced by the developer. It is usual to say that the light 
has produced a latent image during the exposure. There can be no question, said 
It, Namais, that one of the most marvellous thing# in photography is the formation 
of the latent imago* The latent image is destroyed by a great number of reagents 
e.g , soln. of nitric acid ; the halogens ; cupric, mercuric, ferric, or auric chloride ; 
hydrochloric acid ; hydrobromic acid ; potassium persulphate, permanganate, or 
forrlcyanide; and by chromic acid—which attack the exposed more than the 
unexposed silver bromide. On the contrary, a soln. of sodium thiosulphate attack# 
the unexposed more rapidly than the exposed silver bromide, so also do soln, of 
ammonia, potassium cyanide, and ammonium bromide. The photographic developers 
in common use arc able to reduce to metallic silver the so-called latent image, and 
yet do not reduce tho silver halide which has not been modified by exposure to 

The latent image may gradually disappear by a process which is regarded as a 
reversal of the effect produced by the exposure to light, and it seems as if a reversible 
reaction is involved* L* Baekeland calls tills phenomenon photo-retrogression. 
In the so-called daguerreotype process the latent image persists a few hours; in 
some more modern process the latent image persists for years. Photo-retrogression 
is noticed more with under- than with over-exposed plates. 

0* F* Brush has shown that there is a period of induction in the formation of 
the latent image ; 

Photographic action ia slow in starting, involving eoneidcrablo light unoigy which leaves 
no permanent r&conl. If exposure in stopped at this stage, the starting action rdapsaa 
almost wholly within a few minutes and is lout to further exposure. Once started, however* 
action increases rapidly to full activity and then remains substantially constant during 
further exposure. A relapse of AcnsitiveneBS follows exposure and is very marked at the 
end of a few hour*. Photographic action, when fully excited, fluuiMei tunny minutes after 
exposu re, gradually dying out. With the adopted period of exposure, this after action 
amounts to something like eight or ten par cent, of tho whole. Within on hour or two after 
action has ceased, relapse acts in and amounts to about four per cent, in tho first thirty hours, 
fully half of which ooour* within the first four hours. 


The reaction which is involved in the production of the latent image and in the 
photo-retrogression has been the subject of many hypotheses 

1. The assumption that ihe halide is oxidized. —J. von Tugolcaaoff assumed that 
the latent image is an oxidation product* He supposes that the silver salt is first 
oxidized to a higher valency, and subsequently decomposed into a eubhalide or to 
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metallic silver. He attempted to demonstrate an increase in weight during the 
production of the latent image, when an unstable oxyhalfde of silver is formed, say 
AgBr.O.AgBr, but L, Cramer was unable to establish the accuracy of J. von Tugo- 
leasoff’B experiments on the oxidation of silver bromide by dil. soln. of hydrogen 
peroxide, sodium nitrite, etc., and he tried to show that oxygen is not necessary 
for the development of the latent image. 

SJ. The assumption that the haUde suffers a physical modification* —In this hypo¬ 
thesis it is assumed that the silver salt undergoes a physical change when the latent 
image is produced whereby the silver brftmide remains silver bromide, but the nature 
of the combination into aggregates is modified. The product is then invested with 
the properties known to be possessed by the latent image, and the phenomenon Is 
fully explained. For example, the silver halide after exposure to light is mere 
prone to dissociation, and yields more quickly when reducing agents are present, 
it. Namais and C, Jones assume that the silver halide is polymerized by light and 
depolymerizod during the photo-retrogression. F. Hurter and V. G. Driffield make 
the converse assumption, depolymerization in light, polymerization in darkness. 

3. The assumption that the halide forms a navkus of ri/iw.—The old assumption 
that the latent image is due to the reduction of the halide to metallic silver has been 
revived by W. Ostwald, and R. Abegg in the assumption that the formation of the 
latent image is duo to the precipitation of an infinitesimally small quantity of 
metallic silver which, acting as a germ or a nucleus, facilitates the reduction of the 
surrounding silver bromide. The latent image, however, shows none of the reactions 
of metallic silver, nor decs it show the electrical potential of metallic silver; the 
hypothesis cannot be reconciled with the facts of development or of aolarization 
in which longer exposure means more silver produced though the amount approaches 
a limit; more silver means a mere rapid reduction of silver bromide, and net a leas 
rapid reduction. L. Cramer has also shown that the latent image does not behave 
like a mixture of silver bromide and metallic silver. G. Jones found the behaviour 
of aqua ammonia also does not favour this hypothecs; and S, E, Sheppard and 
0. D. K. Mces found the hypothesis fails to account for the resistance of the latent 
imago to oxidizing soln, of such potential as to destroy the metal silver. 

4. The assumption tfad a suhhalide is formed* —This hypothesis was suggested by 
C, CffioiselatandM* Batelinlfi43 to explain the latent daguerreotype image. Taking 
the case of silver bromide, it is assumed that this salt decomposes into free bromine 
and silver sub-bromide, Ag 2 Br, thus: 4AgBr^2Ag 2 Br-f Br 2 . The bromine is 
presumably temporarily dissolved by the decomposed or undecomposed grain of 
silver bromide. The system is in equilibrium when the vap, press, of the bromine 
has reached a certain value. When the silver sub-bromide is exposed to the action 
of bromine gas in darkness, silver bromide, AgBr, is formed* The amount of silver 
bromide decomposed, for equilibrium, depends upon the intensity of the light* If 
bromine bo removed from the sphere of the reaction, by, say, mixing the silver salt 
with a suitable organic compound which " binds ” the bromine, the reaction proceeds 
to an end. The photochemical decomposition of silver bromide has been studied by 
K. Schwarz and H Stock. Some curly experiments by It. Luther pointed to the 
existence of definite compounds Ag a Br or Ag 2 Cl. He placed a weighed amount of 
powdered silver in a AjiV-soIn. of hydrochloric acid ; added measured amounts of 
chlorine water; and, after shaking the vessel to bring about equilibrium, he placed 
a platinum electrode in the soln. and measured the potential against a silver-plated 
platinum electrode in -hydrochloric acid containing an excess of silver halide. 
These measurements were mode after each addition of chlorine water, and sharp 
breaks were observed corresponding with the composition Ag^Cl and AgCl ■ but 
subsequent experiments by R Baur, by F. Heyor, and by H* Weiaz have failed to 
confirm E. Luther’s measurements because R. Luther did not measure the equili¬ 
brium cone, W. Reinders also failed to find satisfactory evidence of the existence 
of any stable compound of silver chloride at high or at low temp. The reactions of 
the latent image are not consistent with the existence of one compound, whatever 
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it be, and accordingly A. P* H. TriveUi gets over the difficulty by postulating the 
existence of four intermediate compounds with specific colours: BAgd-^Ag^Cl^ 
(green)-^AgsClg {blue)-^Ag 6 Cl 2 (yeUowJ^AgjCH] (red)->5Ag, but since there is no 
evidence of the existence of the alleged compounds, the hypothesis has not made 
much headway. 

5. The assumption that the latent image is*a solid solution *—Since the latent 
image is not a reductionproductof silver halide—a definite suhhalidc, or free metallic 
sil veiv-f olio wing M, C. Lea's suggestion, the latent imaged considered to be a phase 
of variable composition with silver bromide as the end term. These solid solo, 
have been prepared by L, Cromer and by W, Reindors, aud their properties are in 
harmony with observations. There is no means of distinguishing whether the latent 
image consists of a solid eoln. of silver bromide and metallic silver, or silver bromide 
and silver subhalide ; but the former hypothesis is simpler and fits in with the 
parallelism between the colours of the photolmlidos and those of colloidal silver. 
The arguments against the latent image being a reduction product are directed 
against the existence of free metallic silver or a definite free eub halide ; they are 
invalid when directed against the solid soln, hypothesis. The properties of silver 
or a hypothetical subhalide absorbed in solid soln r by a large mass of silver bromide 
to form a phase of variable composition are quite different from the properties of a 
mixture. In the latent image, says C. Jones, “ the amount of silver bromide which 
is decomposed must bo exceedingly minute, small beyond imagination. The 
amount decomposed might be increased many thousand times before the product 
of decomposition would have accumulated in sufficient quantity for direct recogni¬ 
tion/’ and the energy which is available during an ordinary exposure is quite in¬ 
adequate to produce a material decomposition of silver bromide on the plate, 
F* Hurter and V. C, Driffield show that if all the energy available in a standard 
candle burning 00Q21 grm, per second be 0'016 Cal. per 100 sq. ems, of surface, 
a 10 seconds' exposure would then yield (H6 cal, per iOO sq, ems. The amount of 
silver 0 0365 grm. which can be obtained by this exposure on the developed plate 
actually requires 5'6 cals. Hence, only 3'9 per cent, of the energy could be 
derived from the burning candle if all were converted into radiant energy; but, as 
a matter of fact, only a small fraction of the available heat is really converted into 
radiant energy* AV* D, Bancroft adds that these difficulties, though very real, 
vanish entirely with the solid soln. theory because the difference in the energy 
content of the decomposed and undecomposed silver bromide can be theoretically 
made as small as we please ; practically, the difference which can be detected 
depends upon the sensitiveness of the developer. The bromine set free by light is 
probably temporarily adsorbed on or in the grains of silver bromide, or on the parts 
of the silver bromide not exposed to light. This bromine may also pass into the air 
or it may react with gelatine, but if the conditions are favourable it may react with 
the silver in solid sob., and give the phenomenon of photo-retrogression. Hence, 
during photo-retrogression the latent image reacts with the halogen which comes 
mainly from the bromine adsorbed by the silver bromide; a small inappreciable 
amount may come from the decomposition of the gelatine-bromide of the film. 
In illustration, M, C. Lea showed how silver iodide may adsorb iodine, and how the 
silver halides generally can take up by adsorption many other foreign substances* 
For example, a dil, alcoholic soln* of iodine is quickly decolorized by silver iodide. 

The so-called solariaation, or reversal of the photographic imago whereby the 
negative becomes positive, is primarily due to the silver halide and is independent 
of the nature of the associated materials it has obtained as a result of a pro¬ 
longed exposure ; by the antagonistic action of light of different colours; by an 
exposure to white Light followed by treatment with an oxidizing soln. and subsequent 
exposure; by using white light during development; by very slowly developing 
an under-exposed plate; by very short and intense exposures followed by a snort 
exposure to diffused light; by exposure to cathode rays followed by sunlight, eto. 
The latent image which gives rise to a negative under normal development consists 
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of silver bromide with an excess of from O l 002 to 01 per cent, of silver \ when the 
excess rises above 01 per cent, a positive results. M. 0. Lea obtained effects 
simulating tho latent image by the action of acids, press, or heat-tf.#. characters 
were drawn on bromide paper by means of a glAss rod dipped into sulphuric acid 
(1 : 2)j the add was washed away with water containing a trace of ammonia. When 
the plate was developed, brown marks appeared on a white surface. The effect, 
however, is not like the normal latent image* but is duo to tho removal of gelatine 
from the grains of silver brmiide, 

Jn 1801, J. W. Ritter found that silver chloride which had been darkened by the 
violet rays of the spectrum became lighter or bleached when exposed to tho yellow 
and infra-red rays. This was attributed to the deoxidizing action of the less re* 
frangible rays (at the red end), and the reducing action of the more refrangible rays 
(at the violet end). Analogous observations were made by W. H. Wollaston in 
1804, by T. J, Seebeck in 1810, by J. Herechel in 1840, and by J, W. Draper, If 
an under-exposed iodized silver photographic plate or printing-out paper be exposed 
to yellow or red light* the opposite effect occurs* for the action started by the violet 
light is continued* hence E, Bccquerel (1840) called the violafc rays tho royom 
exctitUeurs, and the yellow and red rays the rayons continuateun f. Further investiga¬ 
tions have shown that each colour of the spectrum can exert an oxidising or a 
reducing effect which is determined by tho nature of the substance sensitive to 
light. J, M, Eder adds ; 

Although the oxidizing action of tho red i&yg cannot bn sharply distinguished from tho 
reducing action of the violet rays, in tho majority of ompa yot examined* rod light has in 
genmil an oxidizing action on metallic compounds, while violut light usually has a reducing 
action. A case in which red light can act os a reducing agent on metallic compounds ia 
ciflpf'iflially noticeable in the photography of the Apeotrum using silver salts and developing 
tho picture, Violet and blue light have the most effect on compounds of the metalloids, 
lor instance* on hydrogen and chlorine mixtures, on nitric acid* on sulphurous acid, on 
hydriodic acid* etc. (Hydrogen sulphide, however, is decomposed more rapidly by red 
light.} The action of light ia partly a reducing one, depending on the nature of the substance 
in question. On organic compounds (especially the colourless ones) violet light usually 
has the strongest oxidizing action : dyes are oxidized most strongly by those rays which are 
absorbed. In oil oases; however, the chemical action of coloured light comes under tho law 
that those rays are the most effective which ore markedly adsorbed by the light-sensitive 
substances, 

T, von Grotthus allowed that only those rays of light which are absorbed can 
produce chemical action, and that the action of a ray of light is analogous to that 
of a galvanic cell. The similarity in the products obtained by the action of light on 
sensitive substances, and those obtained by electrolysis, is taken to confirm the 
hypothesis as to the justness of the analogy between the action of a ray of light 
and of a galvanic cell. The electromotive force of light is low, and therefore tho 
decomposition voltage of a substance must ho low if it is to be susceptible to the 
action of light; if otherwise* the light sensitive substance must be admixed with 
something conventionally called a dejxdarizer which will lower its decomposition 
voltage. Hence, odds H. W, Vogel, the compounds of the metals which are sensitive 
to light are divided into two classes—those which are decomposed by the action of 
light alone* and those which are decomposed only in the presence of a substance 
which combines with one of the decomposition products. The sensitiveness of all 
substances to light is augmented by a suitable depolarizer. For example, silver 
nitrate can react with silver iodide, and consequently silver iodide is more sensitive 
to light in the presence of this agent. Similarly with silver bromido in place of the 
iodide, but with the chloride, the effect is not so marked. The decomposition of 
chlorine or bromine water in light, as previously indicated* is accelerated in the 
presence of tartaric or citric acid, and both acids are likewise attacked by the 
halogen. In some cases tho depolarizer changes the sensitiveness of the system 
towards certain rays. These depolarizers are called optical sensitizers. In 1873* 
H, W* Vogel showed that a photographic silver bromido plate, stained yellow with 
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the chemically inert aniline red, gave a maximum aeneitivenesa in the green not 
present when the aniline dye is absent, H. W, Vogel further showed that there is 
a relation between the sensitiveness of a silver bromide plate for certain wave-lengths 
and the absorption bands of the admixed dye. H. W, Vogel’s results with silver 

chloride alone, and with 
silver chloride and coralline 
are indicated in Fig, 14. 
<H. W. Vogel added: In 
urderto make silver bromide 
sensitive to any desired 
Fia 14.— Action of different parts of the Spectrum on colour, or to increase its 
l. Silver Chloride alone; II. Silver Chloride with Coralline, existing sensitiveness for 

certain colours, it is neces¬ 
sary only to add a substance which will promote the decomjwflition of silver 
bromide, and which absorbs the rays In question, letting the others pass. 

T, Wedgwood 1C is considered to have been the first to obtain light-pictures. In J802, 
he gave an account of a method of copying paintings and obtaining profiles of leaves by 
allowing light to pass through a more or teas transparent object on the white paper or leather 
which had boon moistened with nitrate of silver, H. Davy also repeated those experiments 
and succeeded in preparing pictures of small objects which had been magnified by the solar 
microscope. About 1814, these pictures were not permanent in light and had to bo examined 
by candZe-ilght, X N, Nihpce tried to obtain permanent light pictures j and about 382fi 
L, X M, Daguerre was independently working in the same direction. J. N. Nifepce is now 
credited with having been tno first to produce permanent photographs in a camera obscure. 
He coated a metallic surface with a layer of asphaltum, and exposed it to light in a camera 
for a whole day. The exposure rendered the aophaltum insoluble in Dippers bone oil, 
while the soluble parts were removed by the oil. The pictures wero lacking in detail. The 
motol if desired could bo etchod with acid. The parts protected by the inedated nspholtum 
wero not affected by tho acid, L, J, M. Daguerre was the first to employ silver iodiJo os a 
light-sensitive mhstanca. In 1820 tho two investigators joined forces in order as they said 
to develop Hl the discovery made by J. N, NiApco and improved by L, X M, Daguerre." In 
L. X M, Daguerre’s process, the vapour of iodine is allowed to act on a weIl'|>olMicd surface 
of afiver as so to form a film of silver iodide. The film of iodide is then exposed to light in 
the camera obscura. In a short time tho light produces an action which is not visible on 
the plate, but which develops when the plate is exposed to the action of mercury vapour. 
Tho portions of the iodide not affected by light were renu>ved by a hot soln. of sodium 
chloride. X HorscJirPs discovery of the better solvent action of sodium thiosulphate in 
1819 wofl lator utilised by L. X M, Daguerre. This process is called the Jteguerreotypa 
process. In 1839 F. Talbot obtained negatives by a process which was improved in 1841. 
Paper ooated with a film of silver nitrate was exposed in the camera, and tho invisible 
imago developed with a soln. of silver nitrate in acetic and gallic acids. The negative was 
soaked in white wax to make it transparent* and a positive prepared by placing the waxed 
negative on paper moistened with silver chloride and exposed to light, This procedure 
was called the Talbot process or the calotype process. In 1851, T. S. Archer used a transparent 
film of iodised collodion spread on glass as a photographic plate instead of W. H. K. Talbot’s 
iodized paper. As a result* greater precision in tho reproduction of detail was attained. The 
results were still further surpassed by the modem dry plate process in which a gloss j>late 
coated with an emulsion of silver bromide in gelatin— possibly also with a little silver 
iodide—is employed os tho photographic plate. 
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§ 16, Silver Bromide 

Silver bromide occurs in nature m cubes or octahedral crystals of bromile or 
formargyrite of sp. gr, 5 8 to 60, and hardness 1 to 1J> It is usually associated with 
silver chloride in Chili, Mexico, Honduras, etc., forming the so-called mineral 
tifflbaUte — ififiuXiw, an intermediate—in which the ratio Cl: Br varies indefinitely. 
The yellow and deep green varieties usually contain the largest proportion ol bromine. 
From I, Domeyko’s and P. Yorke’s analyses oi samples from Chili, embolite con¬ 
tains from 51 to 81 per cent, of the chloride and 18 to 41) per cent, of the bromide. 
A* Breithaupt 1 called the varieties of emboljtc with the larger proportion of bromine 
ineffabromitef and those with the smaller proportion mkrobrvmite. Silver bromide 
can be made by the action of bromine on silver, which, according to H. Gautier and 
G. Charpy, 2 is very slow, and which, according to V, von Cordier, progresses more 
rapidly io darkness than in light because of the decomposition of the resulting silver 
bromide. M, Berthclot says that silver is readily attacked by hydrobromic acid at 
ordinary temp., and A. Jouniaus has studied the equilibrium isonditions in the re¬ 
versible reaction, 2Ag+2HBr^2AgBr+H a , which represents phenomena similar to 
those observed in tbe corresponding reaction between hydrogen chloride and silver. 
Bromine also forms silver bromide when it acta on silver chloride or iodido. A. Poti- 
litrin,and T. S. Humpidgo have shown that the reaction is very slow with silver 
chloride* The thermochemistry of tho process has been discussed in connection 
with silver chloride. P. Julius observed that the reaction is complete when bromine 
vapour is passed oyer the molten halide ; and that more rapidly with silver iodide 
than silver chloride. When silver chloride or some other sparingly soluble salt of 
silver—not tbe iodide—is warmed with a soln. of potassium bromide, it is converted 
into ailver bromide, AgCl+KBr=AgBr+KCl; if both silver bromide and chloride 
are present as solid phase, the system might be expected to be in equilibrium when 
the ratio KC1: KBi is equal to the Tatio of the solubility product of the silver chloride 
and bromide; but there is a complication owing to the formation of a solid soln, 
of silver chloride and bromide, and the ratio of the chlorine and bromine ions m the 
eoln, fc dependent on the ratio of AgCl: AgBr in the precipitate, as was shown by 
F. W. Kuster, The ratio [AgBr]/[AgG]: [KBr]/[KCl] between soln, and precipitate 
undergoes very little change. A, Thiel also showed that in a wrios of mixed soln. 
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of silver bromide and chloride, in equilibrium with a normal soln, of potassium 
chloride and bromide, the change of potential steadily increases as the proportion 
of silver bromide increases. Silver biomate was found by 0. Lowig to be decom¬ 
posed into the bromide and oxygen. 

As A, J. Balard first showed, silver bromide separates as a white evudy precipitate 
when a soln. of a silver salt is truatud with hydrobromic acid or a soluble bromide. 
In his work on the at, wt. of bromine, G, P, Baxter prepared silver bromide in the 
following manner: 

Puritwil silver wae dissolved in purified nitric acid, dil. with an equal volume of water, 
and heated until free from nitrous acid and the oxidern of nitrogen. The soln was still further 
diluted to a cone, of about a quarter normal and added slowly, with constant agitation, to a 
dd H soln. of an excess of purified ammonium bromide in a glass-stoppered precipitating flask, 
and the whole violently shaken to promote coagulation, My adding the silver sain, to the 
bromide, tho occlusion of silver nitrate was almost wholly prevented. After standing about 
24 hre., the Bask was again shaken, and allowed to etand until the supernatant liquid was 
clear. The precipitate was washed on a Goochs crucible and dried for several hours at 
L30 g , and finally for about 14 hra. at 180 s . 

J. S, Stas tried to distinguish nix different forms of silver bromide ; (i) The white 
floeeiilcnfc precipitate obtained by precipitation with an excess of silver salt; (ii) the 
yellow ffoccukmt precipitate obtained with an excess of hydrobromic acid or soluble 
bromide ; (Iii) the pulverulent yellow wait obtained when the preceding product is 
agitated with water; (iv) the yellowish-white product obtained by boiling the 
Hoeculent bromide with water ; (v) the white product obtained when the yellowish- 
white salt is boiled a long time ; and (vi) the yellow crystalline or fused salt. He 
showed that some of these forms have different solubilities, and different sensibilities 
to light. The precipitate with an excess of potassium bromide appears yellow 
owing to the adsorption of a little potassium bromide, which forms a yellow solid 
Noln. When the flocculunt precipitate is allowed to stand for some tinir, or when 
heated in boiling water, it forms a pulverulent mass—the action presumably depends 
on the smaller grain dissolving and reprecipitating on the larger less soluble grains, 
lL L, Vanactti says that potassium bromide diffuses into so In. of silver nitrate as 
rapidly as potassium chloride or iodide; and K, Jablczynsky, that tho precipitate of 
(diver bromide is formed twice ae slowly as silver chloride. According to W, Bottger, 
a turbidity appears in a soln. containing 0'3 xlO~° mol of silver bromide per litre ; 
and, according to L. Kolia, with potassium or sodium bromide and silver nitrate, 
with between 4 or 5xlO~ 7 mol per litre. For tho preparation of colloidal SilYM 
bromide, see the analogous colloidal silver chloride. 

A. C, Becquercl 3 obtained crystals of silver bromide by heating a mixture of 
hydrobromic acid and silver in a scaled tube. C, Lowig obtained octahedral crystals 
by evaporating a soln. of silver bromide in hydrobromic acid ; and H. Uebray 
by cooling a warm soln, of the chloride in mercuric nitrate. A* P, H, Trivelli and 
S. K Sheppard prepared crystals of silver bromide by allowing a mixture of aq. 
ammonia and silver bromide to stand in a bottle, with frequent shaking, at J30° 
for about a week. The ammoniacal eoim was then allowed to crystallize (ij by- 
dilution with water, (ii) by evaporating off excess of ammonia, (iii) by cooling 
the soln. Crystals of an ammino-complex are yellow, those of silver bromide ore 
white. V. Bellaoh described tetrahedral forms; E. Baur, and J. V. Elsden 
hexagonal formH; F. W, T. Krohn, cubic crystals whieh crystallize as hexagons; 
and F. F. Renwick, both hexagonal and cubic founs, P. Groth placed silver 
bromide in the hexakisoctahedral class of the cubic system; and A, P, H, Trivelli 
and S, E. Sheppard, in the dyakisdodecahedral class because of the occurrence of 
pentagonal dodecahedra as in the case of stannic iodide, ferric disulphide, cobalt 
sulphoaisenide, csasia-alum, and trimethylommoma-alum. The evidence of the 
existence of a metoatable hexagonal form is not sufficient to establish the di¬ 
morphism of silver bromide, G, 1. Higson could find no evidence of the polariza¬ 
tion of light by the crystals. The phenomenon, say A. P. H, Trivelli and 
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S. E. Sheppard, may be due to reflection end not to anisotropitmi. E. Banks, 
V. Bellach, P. P, Koch and V. du Frel, G. I Higson, L. Cramer, and F, W* T* 
Kiohn showed that much of the silver bromide in emulsions need for sensitive 
photographic plates is crystalline. Por the adsorption of gelatine during the 
crystallization of silver bromide in the presence of the protective colloid gelatine, 
see silver chloride. A. P, H* Trivelli and S. E. Sheppard studied the Corrosion 
figures of silver bromide by aq. ammonia. A. Thiel showed that there is a 
continuous change of potential with mixtures of silver chloride and bromide in 
agreement with the formation of solid soln. of tho two salts in all proportions. 
The X-ndiogram of silver bromide has been studied by P. Debye and P. Schenei, 
A. W. Hull, and It. B. Wilsey, The lattice is a simple cube with sides 2 89 A., and 
the distance of the nearest atomic centres, 2'89 A. The Speoifiti gravity of silver 
bromide is G'24G (0°) according to G. E, Rodwell;* 6'215 (17°); according to 
F. W. Clarke the sp. gr. of the salt which has been fused is 6473 (25°) \ and accord¬ 
ing to G. P. Baxter and M. A. Hines, G479. H. G. F. Schroder gave numbers 
ranging from 6 32 to 6 49. The sp. gr.of the molten salt at 427* ia D + 595, G. Quincke 
gives 6'2, P. Walden, and E. A. Hengleb studied the mol. vol 

T. W. Richards and G. Jones’ 6 value for the compressibility of silver bromide is 
0000002&9 megabar per sq. cm. or 0 00000262 atm., or 0 + 00000254 kilogram per 
sq. cm. between 100 and IXX) megabars, and the mol. compressibility is 0 000075. 
According to J. E. Meyers and F. Braun, if subjected to a press, of 3000-50,000 atm. 
precipitated silver bromide in layers 3-4 mm. thick gradually becomes translucent* 
Tho Flies$druck —that is, the press, required to make silver bromide Sow through a 
small opening—is, according to N. Kurnakoff and S. E. Schemtschuschny, 18'6 
kilograms per sq. mm. G. Quincke's value for the surface tension of molten silver 
bromide is 120 dynes per cm. when the sp. gr, is 6'2, and the specific cohesion 

#2 “4 sq. Trim , 

Silver bromide melts to a reddish liquid which on cooling forms a yellow horny 
translucent mass. The reported values for the melting point range from 0, Sandon- 
nini's* 419°, to K. Monkemeyer'a 422°, and to T t Carnelley , s434 D ±2 D . According to 
K* M6nkameyer,for a mixture of silver chloride, melting at 451°, and silver bromide, 
melting at 422°, containing about 65 mate per cent, of silver bromide, the m.p, is 
413°* As O* Lehmann showed, the two salts form mixed crystals and the f.p. 
curve corresponds with H. W. B. Boozeboom's type III curve. Tho results aru 
in harmony with 0. Sandonnini's observations on the electrical conductivity of 
mixtures of the two salts. The mixed crystals correspond with the mineral enMitv. 
N* Kurnakoff and S. F* Schemtschuschny measured the hardness, and also the 
press, required to make the mixed crystals flow* According to H. Stolzenberg and 
M. E. Huth, the pale greenish-yellow crystalline solid is anisotropic and at 259° 
forms greenish-orange Squid crystals which ore isotropic, and at 398° forms an 
orange-red liquid, but C. Tubandt and E* Lorenz could detect no sign of the alleged 
transformation point at 259° by the electrical conductivity method. 

According to J* H. van*t Hofl, silver bromide dissociates at 60° in vaouo in the 
sense of the equation: 2AgBr^2Ag-J-Br fij until the press* of the bromine vapour 
reaches the very minute press* 2 l 9xlO~ 6S mm. The value for silver chloride is 
5'4 X KT - * 3 mm, H* V. Regnault’s value for the Specific heat of fused silver bromide 
is Cp=Q l 0739 between 16° and 98°* Aocording to G. F* Rodwell, the salt steadily 
contracts from its fusion temp, down to —60°, when it attains its maximum sp. gr, 
H* Eixeau's value for the linear coeff, of expansion is 0'0000347, the mol. cubical 
expansion 0 H 00302. 

J* Thomsen's value for the heat ol formation from its elements, Ag+Bra Q . 
^AgBrcyrt. +237 Cate *; or 207 to 237 Cals* \ or 398 kilojoules. According to 
M. Berthelot, 7 the heat of transformation AgBr (precipitated) to AgBr (crystalline) 
is 34 Cate, per mol. M. Berthelot also gives Ag E 0+2HBr 1(l .“AgBr+44 l G Cate, 
to G1'2 Cate* The heat of precipitation in dil* soln. is 20 2 Cals, aocording to 
J. Thomsen. M* dc K* Thompson found the ^ee torn ot formation of silver 
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bromide—halogen liquid—is 23,000 cak, and the total energy of formation 
23,400 cak 

W* Kohlrausch ® found thoelectrlcal conductivity of silver bromide at 20° to bo 
0 ' 35 xl 0 ~ s reciprocal ohms, and K, Arndt and A- Gassier give for the conductivity 
at 

iw* w m* 4 io* 41a 0 410 * coo* eoo- 

OQOOPB 00044 o-ll O'722 melts 2707 294 310 

There is therefore a sharp break at the m.p*; and below the f.p. the conductivity 
rapidly decreases. C, Tubandt said that the current is carried entirely by the 
positive silver ion which, at 422°, has the velocity OTfiXlO” 8 cm. per see, 
C. Sandonnini found the conductivity of fused silver bromide at its m.p. 422° 
to be 2*920 reciprocal ohms, and he investigated the electrical conductivities of 
fused mixtures of silver chloride and bromide. 0, Tubandt studied the con¬ 
ductivity of the crystalline solid* J, C, Ghosh measured, the conductivity, and 
Tabulated the ionization, a, of fused silver bromide at different temp., and 
found a=0089 per cent, at 473°, and 6372 per cent, at 673°. L. Greeta has 
studied the influence of press., and 8, Arrhenius that of light on the electrical con¬ 
ductivity of silver bromide. P. Lutoit and G. von Wicsso’s value for the potential 
against Oltf-AgNO^ at 25 c is 0*296 volt; M. Katayama’s valuo for the e.m.f. of 
the cell Ag ] AgCl j AgBr | Ag is zero, and for the cell Ag | AgBr 1 PbBr a | Pb is 0 342 
{-0*00025(20—0) volts between 20° and 145°, and AgBr-{-JPb=iPbBr 2 +Ag4’& 6 
Cals. J. A. Wilkinson 0 reported that the salt has a bluish-violet fluorescence. 
For the photoelectric effect see silver chloride. W. Wemicko gives for the index 
Ql refraction, for A=431, fL=2 360; A=48G, ^2303; and A=G5G, f*=2 l 233fi. 

S. Moyer 10 gave — 0'26x10^° mass units for the magnetic susceptibility of silver 
bromide at 1& Q ; and no discontinuity was observed by T, Ishiwara when silver 
bromide was melted. 

Silver bromido is less soluble in water than silver chloride; according to F. Kohl- 
rausoh's calculation 11 from the electrical conductivity data, a litre of water at 21* 
dissolves 0'000107 grm. of silver bromide, or 0*00058 milligram-eq. I, M, Kolthoff 
gave 41XlO“ La for the solubility product at 18°, According to A. E. Hill’s 
calculation from the equilibrium condition AgSCy+KBr^AgBr+KSCy, a litre 
of water at 25° dissolves between G'GxlG -7 and 8'lxlO -7 mols per litre when 
the solubility of silver chloride is O'OOOOlG, and that of silver thiocyanate G’730. 
According to A. F. Holleman, the effect of grain size on the solubility of the 
different forms of silver bromide has been discussed by J. S. Stas; and the 
electrical conductivities of eolm of silver bromide by F, Kohlrausch and F, Hose. 
According to W. Bdttgcr, all three silver halides in sat. aq. soln* are completely 
ionized. C. Lowig noticed that silver bromido dissolves in cone, hydrobromk ard 
hydrochloric adds— a mol of hydrogen bromido in cone. aq. soln, dissolves nearly a 
mol of silver bromide* The latter salt separates on dilution with water, and 
ciystals of silver bromide are obtained on evaporation* According to M* Berthelot, 
tho soln. contains a brotnhydrale de hromure d’orgenl; with hydrochloric acid an 
analogous ohforohydrato is formed* Silver bromido also dissolves in soln. of alkali 
bromides forming double salts, 

Silver bromide dissolves in soln. of sodium thiosulphate. 1 * According to 

T, W. Richards and H. B* Faber, 5 o + o. of a soln, containing 100,200,300,400 gnns* 
of crystalline sodium thiosulphate per litre at 35° dissolve respectively 0*118,0'224, 
H'341* and 0'613 grm. of silver as silver bromide* E, Yalenta found 100 grma. 
of sodium thfomdphate soln., at 25°, contain 

Per cent, Na.8,0,, , 1 5 10 IS 20 

Grm* of AgBr . 0 36 V90 3*0 4'20 5*0 

E. Valenta says that the solvent power of ammonium thiosulphate is neatly the same 
as for the sodium salt, but A, and L. Ltimi&re and A. Seyewetz say that the action 
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of the ammonium Balt is the foster- A. Rosenheim and S. Steinhauser isolated 
tetragonal crystals of ilNH^S^CVNHiBr.AgBr, analogous with those obtained 
with silver chloride. E, Valenta also found that 100 gnus, of a 1:10 soln. of 
potassium, calcium, or thiosulphate,, at 25*, dissolves fj'73, 0 03, or 0 02 gnu. 

respectively of silver bromide; 100 grms. of 1:10 and 1:5 soln. of sodium sulphite 
dissolve respectively 0 04 and 0 08 gnn. of silver bromide at 25* j 100 grms, of 
1 : 20 soln, of potassium oyanide dissolves 6 T 55 grins, of silver bromide; and 100 
grins, of 1 :20, 1; 10, and 1 : 6| soln. of ammonium titiocyonate at 20° dissolve 
respectively 0'21, 2 04, and 5 30 grms. of silver bromide. K, Hellwig finds the 
solubility of silver bromide in soln. of siftior nitrate is smaller than that of silver iodide. 
I 1 , Kremcrs, H, Rissc, and K, Hell wig obtained products which they thought to be 
compounds of silver bromide and nitrate. The needlc-likc: crystals obtained by 
cooling a hot goln. of freshly precipitated silver bromide in one of cone, silver nitrate, 
have a composition corresponding with AgBr.AgNO^. I. Kablukoff, and G. Scarpa 
have investigated the f,p. curve of mixtures of silver nitrate and "bromide and found 
a eutectic with 75 gram-mol. per cent, of silver nitrate at 155°. H, W. F, Wackem 
roder also found soln. of mercuric nitrate readily dissolve silver bromide. 

According to E. 0. Franklin and C, A. Kraus,silver bromide is soluble in liquid 
ammonia, 1 ® and according to R, Jarry, and A. Joannis and M. Croizier, at —30* 
a white compound silver triammino-teomide^ AgBr r 3NH a , can be obtained which, 
between 3 5* and 4 , 0‘\ passes into the sesquiammine 2AgBr.3NH a . R. Jarry also 
says the triammine is formed in aq. soln. if the water is sat. under a press, 
corresponding with the dissociation press, of the salt, namely— 

0 U »" 14’ lifl u sa* 

140 195 attfl (505 745 020 1310 1020 2140 min. 

W. Biltz and W. Stollenwcrk found the beat of formation, Q, of the triammine is 
604 Cals., and the vap. press, is given by log —§/4-57T-fl’75 log T—0'002 SjT 

H-3'3. Silver bromide dissolves readily in cone. aq. soln, of ammonia ; according to 
A. Longi, for cone, between 0 06 and04B mol per litre, the solubility is proportional 
to the cone, of the ammonia,; 100 c c. of 0 5 per cent, aqua ammonia {sp* gr. 0 996) 
dissolve 0 0113 grm. of silver bromide, and of 10 per cent, ammonia (ap. gr. 0 l 96), 
O'333 grm. J. J. Pohl says that freshly precipitated silver bromide is twice as 
soluble as the dried salt; this is probably a question of rate of soln, J* V, Eladen 
noted the formation of a complex ammino'bromide. According to G* Bod- 
lander and R. Fittig, the ammoniacal soln, contains complex ions, P. Berthier 
obtained a pale yellow powder by cooling a hot soln. of silver bromide in cone, 
aqua ammonia: when treated with water it gradually forms white silver bromide* 
According to R. Jarry, and A. Joannis and M. Croizier, diver flegquiammino-bromide, 
2AgBr.3NH s , is obtained when the temp, of silver trinmmino-bronmle is allowed to 
rise between 3‘5° and 34°* Dry silver bromide in an atm. of ammonia slowly forms 
this same compound. G. Wiegner, and W. Peters say AgBr.2JNH 3 is formed. 
According to R, Auerbach, the addition of just enough ammonia to satisfy the 
reversible equation AgBr-j- 2 KH 3 ^[Ag(NH 3 ) 2 ]Br does not cause either precipita¬ 
tion or re-soln* within five minutes. With slight but increasing excess amounts 
of ammonia, the coagulation speed transcends the soln. speed and then the 
reverse. 

0. F. Rammelsborg said that silver bromide does not absorb ammonia gas, but, 
according to R. Jarry, he was misled by the slowness of the absorption. According 
to G. Bodlander, J, von Liebig obtained what was probably this compound in white 
crystals by allowing an ammoniacal soln* of silver bromide to stand some time. 
According to A, Terreii, if silver bromide sat, with gaseous ammonia is heated in a 
sealed tube, fusion occurs at 90*, and an explosion at 100*. The dissociation temp, 
of silver seaquiamminobromide is between 34* and 35*; and the dissociation press* 

0“ 4* lO'*’ 11-S’ u* 2S'6* 43'8* 63 s 

88 107 166 174 206 260 513 1225 1936 mm. 
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The ammino-bromide forms yellow crystals, which am not sensitive to light; 
they become turbid in ammonia-free water, and are opaque after beating to 
7if, They show double refraction between crossed nicols, According to W. Biltz 
and W. Stollenwerk, Q for the sesquiammine, AgBr.l^NH 3 , is 9'95 Cals., and 
log |)=Q/4T/7T-j-l 75 logT—00020 T+33. When the temp, of silver sesqui- 
'amminobromide lies between 34° and 515°, silver amiuino-bromide, AgBr.NHj, 
is formed. Above 515° it decomposes into silver bromide and ammonia. W. Bills 
anti W. Stollenwerk: found that the heat of formation, Q , of the monammine 
is 0—10 65, and log p—— Q/4&7T+175 log T— OGOIST+S'S, According to 
0. C. Wittetein, silver bromide is soluble in hot soln. of ammonium chloride, sparingly 
soluble in soln, of ammonium carbonate, sulphate, or succinate ; and very sparingly 
soluble in soln. of ammonium nitrate. H. Euler, 14 and B. Wuth have investigated 
the solubility of it in ethyhmine. According to J. Neustadt, methyl alcohol dis- 
solvee 112 Xl0 w and etfiyl alcohol 6 4x10 18 mol. of silver bromide per litre. 
F, Bczold finds it insoluble in methyl acetate and M, Hamers in ethyl acetate, 

Chemical properties Of Silver bromide—The remarks on the phofcochloridcs and 
suhchloridcs apply also to the photobromides and subbromides. H. W, Vogel 15 
prepared a grey precipitate which he regarded as silver subhromide, Ag a Br, by the 
action of cuprous bromide on silver nitrate ; but 1C. Emazt, and J. Waterhouse 
showed that the product is more likely to bo a mixture of metal and normal bromide. 
White silver bromide becomes violet in a few seconds when exposed lo light. 
The phenomenon resembles that which occurs with silver chloride, and which has 
previously been discussed. The latent image with silver bromide photographic 
plates has also been discussed, W. Riders and P. P, Koch 1C found that particles of 
colloidal silver bromide with an average diameter of 04p h lose Li pur cent, of bromine 
when illuminated for 20 minutes by an are lamp. B. Homolka assumed that because 
indoxyl or thioindaxyl developer is oxidized during the development of the exposed 
plate, a silver perbromide, AgBr 2 or AgBr^, is present in the latent image* As 
\V. ]>. Bancroft has shown, this assumption is quite unnecessary, because os 
the silver bromide is reduced, the developer must be oxidized, and tho oxidation 
will be greatest in those parts where the reduction of the silver bromide is greatest. 
L. Bruner and E. Bekier, however, obtained indications of the formation of silver 
perbromide during the electrolysis by means of a silver anode, of molten bromine 
iodide, BrI, containing an excess of bromine* 

Several observers have suggested that silver oxybromide is formed during the 
development of the latent imago on a photographic plate. /Thus, E* Domole 17 
supposed AgBrO is formed by the action of potassium ferricyamde soln,, and that 
this is reduced by hydroquinone, A. and L. Lumi&rc and A, Soycwetz also supposed 
the oxybromide AgBr.Q.AgBr to be formed by tha action of an aq, soln. of benzti- 
quinone and potassium bromide on silver bromide paper. A, Seycwetz has also 
prepured crystals of what ho regarded as an oxybromide Ag 7 Br 7 0, or Ag 2 0,Ag fl Br 7 , 
by the action of a aoln. of silver bromido in benzoquiuone on finely divided silver. 

Dry silver bromide, says J. S. Stos, ia suffers no appreciable change when heated 
to ILK) 3 , and, according to I. Guareschi, even when heated to its m,p., no 
bromine is given off j according to K, Arndt and A. Gcssler, decomposition begins 
about 900°. The molten salt is slightly ionized. G. Schulze calculates the degree 
of ionization at 450 c to be 2*34 XlO 1 ^ 4 ,and oxygen likewise was found by M. Berthokrt 
to have no action on hot silver bromide. A, P, II, Trivelli says that 30 per cent, 
hydrogen peroxide has no appreciable action on silver bromide alone, nor in the 
presence of colloidal silver. I. Guareschi found chromic anhydride gives off bromine 
and oxygen when heated with silver bromide, forming chromic oxide and silver; in 
some cases, ohromyl bromide, CrO^Br^is formed: 2AgBr-j-0rCLa=2Ag+0-|-Cr0 a Br a . 
With cone, soln* of chromic acid some silver chromate is formed. A/Potifitsrin 
found it to he slowly reduced when heated in hydrogen* A. Seyewetz reduced 
molten silver bromide to spongy silver by hydrogen; and A. Jouniaux has 
studied the equilibrium conditions of the reaction 2AgBr-j-H 2 ^Ag+2HBr. 
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U Tommasi has proved that although nascent hydrogen from sodium ftwmlgft"! 
does not reduce silver bromide, the reduction readily occurs with electrolytic hydro¬ 
gen, and A, J, Balard found silver bromide to he readily reduced by zinc and 
sulphuric acid. J. 3. Stas showed that grey or reddish-brown metallic silver is 
produced with white silver bromide, and white metallic silver with the yellow 
bromide, H. Yogel found that iron or zinc acts very slowly on dry silver bromide, 
more rapidly if moist, and more rapidly still in the presence of dil, acids, J, Seymour 
found silver bromide to be reduced by sodium hjpophosphite {L, Cramer says not) 
or alkaline stannous chloride in light or when heated, but not by acid sob. of 
stannous chloride; ferrous sulphate in sunlight is without action. 

H, Moissan found that the bromine in silver bromido is displaced by fluorine. 
P. Berthier also found that when suspended in water, silver bromide is completely 
converted by chlorine into silver chloride. According to J. J, Berzelius, silver 
bromide is transformed by chlorine into silver chloride more slowly than is tho case 
with silver iodide. Iodine vapour also, according to P. Julius, converts silver bro¬ 
mide completely into tho iodide. P. Hautefeuillo found that dry hydrogen chloride 
converted silver bromide at 700 Q into the chloride: AgBr-fH^^AgCl+HBr, the 
analogous change which takes place in soln. is supposed by M. Berthelot to involve 
the intermediate formation of a bromohydrate. A. Potilitzin has investigated the 
action of sob. of the chlorides of the alkalies and alkaline earths on silver bromide 
whereby a partial interchange of the halogens occurs, and he obtained similar 
results with the alkali iodides. A. Senior precipitated silver bromide from its 
ammoniacal soln. by the addition of silver chloride. At], hypochlorous add, said 
A. J. Balard, converts silver bromide into a mixture of silver chloride and bronmte 
with the simultaneous evolution of chlorine and bromine. H. Baubigny found 
iodic Add acts on an ammoniacal soln, of silver bromide, forming silver iodide, 
ammonium iodide, iodine, ammonia, water, and nitrogen. 

According to 0. Sondonnini and G r Scarpa, 10 lithium bromide gives a series of 
mixed crystals but no compound with silver bromide when mixtures of the two 
salts arc thermally investigated. Similar results were obtained with sodium bromido* 
If silver bromide be dissolved in a hot sat, soln. of potassium bromide, and the sob. 
cooled, M. Berthelot found that crystals of potassium silver bromide, 3KBr.AgBr, 
arc formed, and he calculated tho corresponding heat of formation. C. San- 
donnini found the two salts arc soluble in one another only when melted; and the 
f.p. curve shows a eutectic at 290 s and SI mol per cent, of silver chloride. He 
obtained neither a compound nor mixed crystals. He also found that tho f.p, 
curve of mixtures of rubidium bromide and silver bromide exhibits a break at 265° 
with 55 mol per cent, of silver bromide, and at 328° with 68 tnol per cent, there is a 
eutectic. The break corresponds with the formation of an unstable rubidium Silver 
bromide—either 2BbBr,AgBr, or AgBr.RbBr, which decomposes on melting. 

According to A, J + Balard, boiling nitric add hoe no influence on silver bromide 
R, Auerbach found that when a silver bromide hydrosol is treated with aq, ammonia, 
coagulation and hydrolysis simultaneously occur. A. J. Balard found that boiling 
sulphuric add decomposes silver bromide with tho evolution of bromine. When 
fused with sodium carbonate, metallic silver and sodium bromide are formed; al¬ 
though at low temp. J. J. Berzelius noted that silver bromide can be melted in the 
presence of sodium carbonate without any appreciable change. According to 
L. Cramer, formaldehyde, gallic acid, or tannin in the presence of sodium carbonate; 
or citrate or tartrate of iron do not reduce the silver halides. M. A. Gordon calls 
the number of mois of silver which a mol of reducing agent or a developer separates, 
the stiver equivalent of the reducing agent, e.g. the silver eq, of pyrogallol is 4 5. 
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§ 17. Silver Iodide 

Silver iodide occurs in Chili, Peru, Mexico, and Spain, as the mineral iodtie, iodar- 
*Write, or iodyrite, in hexagonal cryatals, and also maasive with a colour varying from 
citron or sulphur-yellow toayellowbh-greon or brown. When the crystals are cubic, 
the mineral is called miersite. AH three haloids occur in the mineral iodobromile 
reported by A. von Lasaulx 1 in cavities in the ferruginous quartzites of Dembaoh 
(Nassau). lu the cuprotodarfjyrite of Iluantajava about half the silver is replaced 
by copper. 

The preparation ofl silver iodide. —Silver iodide is formed when iodine vapour is 
passed over heated silver, and J. H. Kastle obtained a quantitative yield by warming 
iodine with finely-divided silver on a wator-bath. Aq. hydriodic acid acts on silver 
in the cold; and, as H.St. C. Deville, 2 A. Potilitzin, and H, Dannee! have showift 
hydrogen is evolved until the liquid is sat. with silver iodide. When the mixture is 
warmed, more hydrogen is evolved, and, on cooling the soln., large colourless plates 
separata out. These crystals are probably a hydro-iodide since, on exposure to air, 
they decompose, giving off hydrogen iodide. A mixture of hydrochloric and hydr- 
iodic acids forms only the iodide. According to H, St. C. Deville, aq. soln. of potas* 
aium iodide gradually convert metallic silver into the iodide, and the soln. at the earns 
time becomes alialinc; if the soln. of potaeeium iodide is very cone,, the silver iodide 
dissolves as fast as it is formed. If air be excluded, these reactions do not occur; 
the same remark applies to the formation of silver iodide by the action of molten 
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potassium iodide on the metal. I, Kablukoff made silver iodide by melting together 
silver nitrate and potassium iodide, a reaction whose thermal value is 24'41 Cals. 
A. Vogel partly converted silver chloride or bromide into silver iodide by triturating 
a mixture of say silver chloride and powdered iodine, and subsequently washing out 
the excess of iodine with alcohol. F, Julius also found silver chloride or bromide is 
completely converted to the iodide by heating it in a stream of iodine vapout. 
C. W. B. Normand and A, C. Camming made it by the action of iodine on a number 
of silver salts—sulphite, acotylide, cyanide, cyanate, and thiocyanate. H. St, C. Dc- 
ville also converted silver chloride, bromide, or other insoluble salts into the iodide 
by digestion with a cone, soln. of alkali iodide ; with cone, hydriodic acid and silver 
chloride, AgCl+HI—Agl-j-HQ. F. Field obtained fmo crystals of silver iodide by 
boiling increuric iodide with an excess of silver nitrate, and cooling the solo. L. Rolla 
places tko visibility of the precipitate with potassium or sodium iodide and silver 
nUrate between 0 8 XlO^ and 1 X10 normality. and, according to W. Bdttger, a 
turbidity is produced when 0*34 x If)—mol of silver iodide is present per litre, 
G. P. Baxter prepared pure silver iodide by precipitation from jm ammoniacal soln, 
of silver nitrate with a soln. of ammonium iodide. The process is quite analogous 
to that employed for silver bromide The precipitate clots more rapidly in the 

ammoniacal soln. than iu an acid soln. Precipitated silver iodide has a marked 
tendency to pass into the colloidal state when washed with, water. J. S. Stas found 
that if the water be previously heated to 60°, and the precipitate allowed to settle 
at that temp., the tendency is lessened, but the precipitate is then inclined to adhere 
tenaciously to the walls of tho precipitation vessel. G, P. Baxter recommends washing 
the precipitate with 1 per cent, nitric acid, when there is no tendency to pass into 
the colloidal state ; but if the nitric acid be expelled by drying at a high temp,, some 
silver iodide is decomposed by the acid, and the iodide acquires a dark colour. 

The properties of silw iodide*- - H. Hausehild, 11 and G. Tammann studied the 
colour of thin films of silver iodide. While the crystals of silver chloride and 
bromide belong to the cubic system, silver iodide crvatsLllIzes in tho hexagonal 
system, forming, according to V. von Zepharovich, diiiexagonal pyramids with 
axial ratios a : c ^1: O fUfifi, although, according to F. Wailerant, these crystals 
belong to the cubic system, they Imitate very dustily the hexagonal crystals by 
the peculiar method of twinning. H. fit, C, Seville, and H. Debmy studied the 
crystallization of silver iodide. The X~ radiogram has been investigated by 
1\ Debye and P. Scherrcr, A, W. Hull, and Ji. B, Wilsoy. The lattice has the 
tetrahedral arrangement, with sides fi'53 A . and the distance between nearest 
atomic centres 3 83 A. 

V. von Zepharovieh noted that silver iodide changes from a yellow to an 
orange colour at about 138", and 0. Lehmann said that in the vicinity of this 
tamp, this salt changes its crystalline form which pa&scs from the hexagonal to 
the cubic system, G, F. Rodwcll found that this change is attended by a 
[jontraotion in volume, and lienee it follows that the transition temp, should bo 
depressed with increasing press, E. Mallard and H. le Chatelier examined tho 
lowering of the transition point by raising tko press. They found that at 20°, 
under 2500 atm. press., a variety of silver iodide with a mob vol. 1G per cent, smaller 
than that of tho hexagonal form, hence a denser variety must be formed with a 
sp, gr. approximately fi'8, and a inob vob 35, This denser variety is probably 
that which should ho compared with the ordinary chloride and bromide. The 
subject was further investigated by G. Tammann, and P. W. Bridgman. Temp, 
ranging from 13S a to 150° have been published for the transition point by W. Kohl- 
rausch, G. F. Rodwell, M. Bellati and R. Romaneac, W. Schwarz, etc. The best 
representative value 19147°, A, Stager found tho transition point could bo lowered 
from 147° to 135° by admixture with mercuric iodido. G. Tammann found with a 
press, of 340 kilograms per sq, cm. the transition point whs lowered to 138*8° ; 
and with 2948 kilograms, to 100*31 *-^curve AB t Fig. 15. It was aleo found that 
there are really three stable modifications; the yellow hexagonal form which is 
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identical with the so-called amorphous precipitate, and which G, Tammann calls 
form I, and K. Monkeinoyer, £-AgI; the red cubic modification, form II* or a-Agl; 
and a third variety stable above 2940 kilograms proas.—form III—whose crystalline 

form is unknown, Tho volume decreases in 


~7^ passing from forms I to II to III* At the 

m / I triple point—99'4°, and 2810 kilograms per 

.000 Q / I f sq, ran, press,—the change of II to I is 
jj Tr Cv&c j Uifofd attended by a chapg? in the sp, vol of O'OIOIO 

t „ \ / cc - per gram; from II to III, 0'01402 c*c,; 

J tyuua I to III, 0 02412 c.c, ; so that tho high 

s. temp, forms II and III have the smaller 

- volumes. This is not usual, although ice presents 

Tt/Rpem£ttr*j fl parallel case, The values of dTjdp at tho 

Fjo. 15.— 'Equilibrium Diagram triple point are II to I, —0 01787 ; II to III, 

of Silver Iodide, ~0'0290; and I to III, -0 270. The equili¬ 

brium press* and temp, are indicated in Fig. 15, 
which represents the relation between the solid, liquid, and vapour, and is based on 
one by H. TV. B. Eooaeboom. The high temp* from II is cubic, and isomorphous 
with cubic silver chloride and bromide \ it might, therefore, be anticipated that 
at low temp, silver bromide and chloride would undergo transformations, forming 
substances isomorphous with the low temp* form I of silver iodide. No such change 
has been observed* Similarly, at high press, and room temp., modifications of 
silver chloride and bromide analogous to form III of silver iodide might be 
expected; but none ■ such haa been yet observed. A. Thiel showed that the 
change in the potential of mixtures of silver bromide and iodide corresponds with 
the formation of solid soln. containing up to 30 molar per cent* of silver bromide. 
According to A* P* H. Trivelli and S, E* Sheppard, the mixed crystals of silver 
iodide and bromide are polarized between crossed nicols; and this effect is due 


to reflection as well as to mechanical strains in the crystals. 

H. StoLzenberg and M. K Huth say that hexagonal greenish-yellow silver 
iodide at 134° forms liquid crystals which are yellowish-red and Isotropic, and 
which form an amorphous blood-red liquid at about 500°* 0* Tubandt and 
E. Lorenz found no evidence of this in the change of the eleotrical conductivity 
of silver iodide with temp* The properties of tho ordinary forms of silver chloride, 
bromide, and iodide are ; 



AgCL 

AtfBr 

Aet 

Bp- gr-. 

Moi vol .... 

fl-4fl 

6-40 

5*674 

25*79 

2901 

24-40 

Bp. compressibility x 10* at 20 & 

2*2 

2-6 

3*9 

Heat formation 

39 2 

23-7 

13*6 Cals. 

Sp. hfc, . 

0*0911 

0’0739 

00010 


The reported values for the specific gravity of silver iodide 4 range from 
C. J. B, Karsten's 5026 to H* St. 0* Devilled 5 687, at 0 °; G* P* Baxter gives for 
the fused salt 5 674, at 2 G fl (water 4°}* A* Damour gives 5 689 (14°) for tho crystal* 
fixed salt, and 5*596 (14°) for the amorphous pressed variety, G, F. llodwell says 
the density is a maximum at 142°, G* F. Rodwell gives the sp* gr, of the fused 
salt as G;681 ( 0 °), 5*77t (I63 c ), and of the molten salt, 6*522 (527°)* The sp, gr, 
of the mineral iodyrite ranges from 5 865 of J. L, Smith to 5 707 of A. Damour, 
P. Walden, and F, A, Henglein studied the md. vol. Luring tho formation of 
silver iodide from its elements there is an increase of nearly 16 per cent, in 
volume: 

Stiver. Iodine* Silver Iodide. 

Sp, gr. , . 20*49 4 993 £-074 

Mol. vol. , * * 10-28 25*73 41*36 


indicating an increase of 4r38—(10'28+25*73) =5'37 o,c* Most salts show a 
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decrease in volume during their formation, P, Walden studied the mol. voL, 
T. W, Richards and G. Jones* value for the compressibility of silver iodide at 
20 D between 100 and 600 megabars press, is 0'00000385 kilogram per sq. cm,, 
0 00000393 megabar, or 0 00000398 atm, per sq, cm. The press, required to 
make fused silver iodide flow through a small opening is, according to N. Kurnakoff 
and 0. .F, Schemtschuschny, 26'3 kilograms per sq. mm. 

Silver iodide is an example of the very rare phenomenon of a substance con¬ 
tracting on a rising temp. The relation between the volume and temp, is illustrated 
in Pig, 16. H. Fizeau established this fact for 

three different varieties of this salt—precipitated, _„ __ 

crystalline, and fused, [ j o&m 


Tiie other eubatanoUB known to decrease in size with 
rise of temp, are water between 0° and 4 C j liquid 
bismuth about 8° above its m,p» (C, Liideking); fused 
quart* below — 80° (H, G, Dorsey and K. Scbeel); silica 
between 675° and 870° (H. is Ghatelier ); a nickel steal 
(C, E, Guillaume); diamond below —42 3° (H, Fixeau); 
and oopperoxide below — 4'3° (H. Fizeau). Colette and 
beryl were also shown by H- Fiaaau to have a negative 
coed, of expansion in the direction of their principal 
axes, but positive in directions vortical to the chief 
axes, but the cubical expansion coeff, are positive, 

H. Fizeau found the linear coefficient of expansion 
of large crystals at 40 5 to bo —O'O000G396G along 
the chief axis, and +0'000000647 vertical to that 





Fio. 10,—Relation between the 
Temperature and Volume 
of Silver Iodide. - (G. F. 
Redwell) 


axis \ or the average volume contraction is 0'000002307 c.c., and for the precipi¬ 
tated or amorphous salt, the linear coeff, of expansion is —0'00000137 at 40°, 
and the cubical expansion coeff, is therefore negative, being —0'00000414, 
H, Fizcau, and G. F. Rodwell both showed that the coeff. of expansion of silver 
iodide increases rapidly with rise of temp. The average coeff., according to 
G. F. Rodwell, is —0 00000718 between —18 D and 0*; “0'00003297, between 
0° and 21°; -0 00005570, between 21° and 67°; and -0 00000335, between 70° 
and 150 a ; while the mean expansion of form XI between 150° and 450° is about 
0'000005, G. Jones explains the phenomenon by assuming that the change in 
volume which occurs when a solid is heated is due (i) to a small increase in the intra- 
molecular free space; (ii) an increase in the volume of the molecules due to a 
decrease iu cohesion; and (iii) a change in the volume of the atoms duo to a change 
in the attractive force between the molecules. In the case of silver iodide, it is 
assumed that the attractive force increases with a rise of temp., and thereby produces 
an increased compression of the atoms great enough to outweigh the effects of th« 
other two influences. The free energy F of formation of a compound is taken as 
an indication of the magnitude of this attractive force, and in accord with the 
relation F— Q=TdF/dT t where Q is the heat of formation in kilojoules, G, Jones 
finds 



F 

Q 

dFjdT 

Coeff, Oul>. 

AgU 

. 111*8 

114 

-0*006 

+Q “0000988 

AgBr 

90*8 

05 

+0*006 

+0 000 J 041 

AgX . 

, 60*3 

£8 

+01)28 

-0 0000041 


The marked increase in the free energy with rise of temp, is taken to support the 
hypothesis in question. W h Bariow and W, J, Pope explain the dimorphism by 
assuming the existence of alternate methods of close packing structural units which 
arc dimensionally identical at tho transition temp. They said: 

lb Is evident that a pOBaage from the ideal condition in which the spheres are all equal 
to one in which the two kinds of sphere* show a minute difference in size, instead of 
producing a lowering of the symmetry, may manly cause a diminution in the number of 
equal press,, some of those which in the ideal auemblageare equal becoming a little greater 
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uni others a little smaller. Thus, considering a layer in which one-third of the spheres 
are a trifle smaller than tho rest, tho press, between ftfie larger spheres would be a%bfc|y 
increased, and that between spheres of different sizes would bo Kfigfttly dimmisiled. And 
whilst aa increase in size of both kinds of spheres will tend to expand the whole moss, if 
the increase proceeds at different rates for the two and m such a manner that the two kinds 
of spheres become more nearly equal, the closer approximation to equality of size will lead 
to a closer approximation to the doscst packcd ideal assemblage, ana will thus tend 
towards contraction of the mass as a whole, A very small increase of size of one kind of 
sphere and a much larger decrease of that of the other accompanying a rise of temp., can 
consequently lead to tho ob&arvud negative coefi. of cubic th<rmal expansion of hexagonal 
silver iodide if the structure more nearly approach^ the ideal closest packed arrangement 
of equal spheres as tho temp, rises. This kind of explanation is in harmony with the 
observation quoted above, namely, that the coefi, of linear expansion is large and negative 
in tha direction of the principal axis and small and positivo in directions por[>endieular 
thereto. 


Silver iodide molts at a dull red. heat to a yellow, red, or reddish-brown fluid 
whose colour is determined by the temp,; and on cooling, it freezes to a dirty 
yellow, translucent solid. The melting point given by different investigators 6 
ranges from A. Stager's 52fl° to W, Ramsay and N. Eurnorfopoulos’ 55(> u , Tho 
best representative may be taken an 553°. According to 0. Lehmann, and 
H. Stolzcnberg and M. E. Huth, silver iodide, bromide, and chloride form aniso¬ 
tropic liquids or liquid crystals during their solid ill cation. On the other hand, 
C + Tubandt and E. Lorenz showed that well-purified silver iodide is harder 2° below 
ita m,p, than is yellow phosphorus at ordinary temp. Jf a little of another silver 
halide be present, ordinary silver iodide becomes much more plastic. Similar 
results were obtained with thallium halides and the other silver halides. Hence, 
these substances must be deleted from the list of substances furnishing liquid 
crystals. K. Monkcmoycr haa studied the f,p. curves of mixtures of silver iodide 
with silver bromide and chloride. With the bromide, there is a U-shaped curve 
falling to u minimum at 377 D with 25 gram-mol, per cent, of silver iodide; the 
transformation point of silver iodide is also lowered by additions of the other 
halide. For instance, with about 35 gram-moL jkw cent, of silver bromide it 




falls to 80°, and with 11 gram- 
mol. per cent, of silver chloride 
to 115°. The -shaped curve 
with silver chloride and iodide 
has its minimum at 211" with 
about 57 gram-mols. |>cr cent, 
of silver iodide. M. Meslans, 
and V. Auger prepared what 
they regarded as silver jluo- 
iodide, Agl.AgF, by the action 
of iodoform on silver fluoride, 
but there is nothing to show 
, * the chemical individuality of 

Affr(42l) ^ a lI C g e d compound, Tho 
ternary system : Agl—AgBr— 
AgCl, has been, studied by 
K. Monkemoyor, aud the results 
arc indicated in Fig. 17, showing the isotcctic lines, 

A. Vogel found silver iodide to be volatile at a white heat in dosed vessels, 
and C. Antoine has measured the vapour pressure of silver iodide at different 
tamp. J, Dewar and A. Scott measured the vapour density and obtained values 
in agreement with the molecule Ag 2 I £ , H, V t Begnault’s value for tho Specific 
heat is (7,=0'06lfi between 15° and 98°; M. Bellati and It, Romaneses value for 
the I-variety is 0 0573 (14°-142°); and for the II-variety, O l OB77 (136^—264°) + 
F, Koref found the ap. ht. from —1911° to —81 'B° to bo 0 0488and from —77'4* 
to 0 C , 0 0632 ; A, Magnus 1 value of the mob heat from 17° to 607 Q is 6 '400 ±0'0G3; 



Fio, 17, 


-IsotectUs Unea of tho Ternary System, 
Agl—AgBr—AgCl. 
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W, Nemst and F. Schwa gave 3'287at -255'F, and 11355 at -156\5 a ; while 
W* Nemst’s values for the moL heat are i 

-244* -£43? ^£424° -W7V -mT 

MoL heat ■ . , 5-51 5-08 5-tK5 fl-70 1017 

The mol. ht. of silver iodide is greater than, the sum of the thermal capacities of 
the constituent atoms. This is unusual, but is related with the other anomalous 
properties of this salt. 

M. BertheloFs 8 value for the beat of formation of silver iodide from its elements 
—iodide solid — is 13 8 Cals., according to J. Thomsen, or, according to M, Berthelofc, 
Ag |-1 = AglcryiitH - !^Gals.; AgljvTnorphouaH^^ T to 14'3 Cals, U, Fischer 

considers M. Bcrthclot’s valuo is too small, and gives I516D Cals, at 15°. 
G. Jones and M. L, Hartmann give the free energy of formation of silver Iodide 
from silver and solid iodine as 651 kilojoules at 0 C , and 66'1 kilojoules at 25° ; or 
26 300 Cals,, and the total energy 14 570 Cals. According to F. Gerth, the 
difference between U. Fischer’s and G Jones and M. L. Hartmann’s results is 
due to the difference in the silver electrodes used in measuring the e.m.f., and to 
the applied corrections, F. Gerth obtained 15158 (Ails.; and H. Braune and 
F. Koref, anti H< S. Taylor and W. T, Anderson, 15100. J, 'J’Iiomim’d value 
for the heat of precipitation is 266 Cals* 

Tho electrical conductivity of silver iodide has been measured by W. Kobl- 
rauseh, 7 0. Tubandt and co-workers, K. Arndt and A. Gossler, etc. There is a 
marked change at the transition point: I-AgI^II-AgI T but not so marked a 
change at the m.p, Thus, the conductivities in reciprocal ohms at different temp, 
are: 

143 4'' 14,1* 14ft 5° IMF 300* 547“ Jtf2 D (IM U 

lloo. ohms * 0 0003:13 7 308 1-33 107 2038 ruelts 2 302 217 

0. Tubandt and S. Eggert found the maximum sp. conductivity of the hexagonal 
form stable below 144 O' 3 to be O'OU034; while the cubic form, at tlie transition 
point, has the greater value 1 '31, rising to 2'64 near them, p. They also investigated 
the electrolysis of the fused salt* The conductivity with form II and with the 
molten salt is thought to be electrolytic. The increase in the conductivity in the 
formation of the 11-form is explained by the considerable contraction which silver 
iodide suffers during the freezing of the molten salt; this raises the molecular 
concentration, while the ionization and ionic mobilities remain unchanged. Within 
a range of about 125°, the Tl-form conducts better than the melted salt, and the 
molten salt docs not reach the maximum value which the 11-form readies at about 
800° when the salt begins to dissociate. This phenomenon is unique with silver 
iodide, C. Tubandt found that the current is carried wholly by the silver ion 
whose velocity, at 145“ is about 0 5& Xl(r a cm. per sec,, and at 552“, I I xlO" 3 . 
With aq. soin., the ionic velocity at 18 n is nearly 0 05 cm. per sec, C. Tubandt 
and F, Lorenz have measured the electrical conductivities of binary mixtures of 
silver chloride, bromide, and iodide. According to K. Bodeker, tho conductivity 
is raised if the salt be exposed to iodine vapour. L. Gractz has studied the effect 
of press, on the conductivity of silver iodide. 

H. Scholl and B. A. Dima the photoelectric effect of this salt—wife silver 
ekbride. W. Wilson found the conductivity of silver iodide to be greater when 
illuminated. P. Dutoit and G. von Wiesse found the potential towards ^i^AgNOj* 
at 25°, to boG'701 volt. S. Iimori and T* Takcbo have described photochemical 
cells with silver iodide electrodes. R* B, Aichey discussed the sensitiveness of 
silver iodide to red light. 

L. Wernicke gives for the index of M&action for A=431 J ^2409; *=486, 
^=2'267 : and for A=656, /*=2 153L A, KundFs value for white light is 2'31; 
and A, des Cloizeaux’s 8 for yellow light, 2'23. According to G, Schell, the absorp¬ 
tion spectrum shows maxim at 0'4226/t, 0'3222/t, and 0'2712/t, J. A. Wilkinson 
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reports a bluish-violet fluorescence. S* Meyer found the magnetic susceptibility 
to be —0 29 x 10 - * mass unite at 19°. 

The Solubility of silver iodide in water is very small, and the published results 
are not concordant. H. Danneel p gives O'OOOOOISS grm, per litre at 13 °; F. Kohl- 
rausch and K Dolasalek, 0 000003&3 grm* per litre at 20'8 a ; H. M. Goodwin, 
0 0000023 grm, per litre at 2.5°; and A. Thiel, 0*0000025 grin, per litre at 26°. 
A, E, Hill gives the solubility as 0*97 to I'OSxlO-" 8 mols per lifers at 25°; the 
corresponding value for silver bromide is Gfl-MxlO—T; and for silver chloride, 
r25-l'64xlO^“ fi . If t L and e 2 be respectively the electrolytic potentials of iodine 
{0 540 volt) and of silver (Q'784 volt), 0 the solubility of silver iodide, and F the 
free energy of the formation of silver iodide, then, according to G, Bodlander, for 
a binary salt from univalent ions F=*i—e E — 2HT log C, and if in the first approxi¬ 
mation the heat of formation be used in place of the free energy of formation, 
Q=23100(f l —c 2 — 2RT log C), or C T —6xl0’ 8 mols per litre at room temp. This 
is in agreement with the observed values. 

H. St, C. Devifie 10 noted that silver iodide dissolves copiously in hydfiodic 
acid, and, when the aoln, is allowed to stand in air, crystals of silver hydioiodide, 
which M. Bcrthelot regards as 3AgI.Hl.7H 2 0, are formed: aAgl+HI^+TH^Oji^ 
—216 Cals. The mother liquid still contains some hydriodido. The crystals 
become yellow on exposure to air and light; when heated, they decompose, forming 
silver iodide ; they arc decomposed by water into hydriodic acid, and silver iodide 
is precipitated. In bis memoir, Sur tes iodures dflu&ies, P. A. Boullay showed that 
silver iodide dissolves readily in soln* of potassium or sodium iodidex t forming double 
salts, F. Yield noticed that silver, iodide is but slightly soluble in soln. of the 
alkali chlorides. The solubility of the silver halides in the alkali halides is con¬ 
sidered to be due to the formation of complexes. This tendency to form complexes 
increases in passing from the chloride to the iodide, and with the electropositive 
character of the alkali metal. K, Hellwig gives the solubility of silver iodide in 
soln. of potassium iodide when the cone, are expressed in mols per litre : 

KI . Q*m Q-m 1-008 1 018 J-400 1'482 I1i304 pm 

Agl ■ 0*000303 0 00218 00141 0-Q148 OO03G 0O6S& 0'1M 0108 


According to G. Bodlander and W. 
possibly KgAg^, K 3 Ag 2 I 6 , K 4 Ag 2 I e> 



Fin. 18.—Equilibrium Curvee in the Ternary 
System, AgI“KI—H,0 at 60° 


firlcin, dih soln. hold a complex with 2Ag, 
K 6 Ag 2 i 7 i and in cone. soln. of potassium 
iodide the complex has only one Ag— 
possibly K 3 AgI 4 , W + van Dam and 
A. D, Do;ik, in their examination of the 
ternary system, AgT“KI—HjjO, find at 
U°asolid phase, KI.AgI; utStT,2KI.Agl; 
and at 60°, again 2KI.AgI, and .KI.AgI, 
as'indicated diagrammatically in Fig t IS. 
0. Sandonnini has examined the f,p. 
curves of binary mixtures of Kl—Agl 
and of Rbl—AgI, and in loth cases 
found evidence of the formation of a 
compound which decomposes when fused. 
By cooling a warm cone, soln. of potas¬ 
sium iodide eat. with silver iodide, white 
asbcatos-like crystals of the double salt 
potassium argento-iodide, KI.AgI, or 


KAgla, separate out; and, if the soln, is only partially sat. with silver iodide, colour¬ 
less rhombic needle like crystals of potassium diaigBnto-iodifo, K1.2AgI, or KAgsI^, 
have been obtained by P, A, Boullay. H. L* Wells and H. L. Wheeler find the 
axial ratios of 2KI,AgI to be a : 6 : e=tr977 :1:0 234, J. E. Marsh and W* C, 
Rhymes also made the double salts, KI.3AgI and KI.AgI, by the cooling of acetone 
soln, of the component salts in mol. proportions. They also made KI.SAgI; 



SILVER 


433 


the rafakUnm atipenio-iodidea, RbLSAgl ; RbI.2AgI P and Rb.A&I^GjHaO; 
RbLAgI; RbLAgI. JHjO \ SRbLAgl; t ha Cttsrom argtnto-iodides, M.2AgI; 
CsLAgI; and tho lithium argenti^iodidft, LiI.2AgI. J* E. Marsh reported 
LiLAgLSlCgH^aO; but C. Sandonnini and G* Scarpa obtained only mixed 
crystal* in their thermal study of mixtures of lithium and silver iodides. 
J. E, Marsh and W* C* Rhymes prepared crystals of sodium diargento-iodide* 
NaAgjIg, and of sodium argento-iodide, NaAgI 2l from acetone soln. of the com¬ 
ponent salts ; and W. Krym obtained crystals of Nal.Agl.d'^HeO, as solid phase 
m soln* with the following proportions of the component salts in mols per 1000 
mols of water: 

* ■ 35*3 94 2C 107 L 25 117-OR 134'40 135 83 133*1 117-11 

(Agl), L * 8-14 4779 57*3 5 1-70 40*3 4G-3fi 4303 11*3 

Agl ^—> A*UfaI,. ( E a Q *—> FTal 

Neither N. S* KurnafcofE and P. S. Eller, nor 0. Sandonnini and G* Scarpa could 
detect any sign of chemical combination in the fusion curves of mixtures of potassium 
and silver iodides. TV, Ebertan measured the e.m*f* of cone* calls of potassium silver 
iodide. According to A, Ditte, deliquescent crystals of tripotastium argento- 
iodide, 3KLAgI-|-§H £ 0, or are formed by evaporating the mother 

liquid, M* Berthelot obtained crystals of what he regarded as hydrated 
tnpotassiuin diargento-iodidc, 3KI.2AgI.HjO, or K 3 Ag a I flT H a O, by the evapora¬ 
tion of a soln. of silver in a very cone, soln. of potassium iodide in air* H. L* Wells 
and S* L. Pcnheld obtained white rhombic crystals of dirabuUum argento-iodide, 
2RbLAgl, or Rb a AgI a , with axial ratios a : b : c=0977 :1:0 236 ; and likewise 
rhombic hair-like crystals of diCfflrfum arganto-iodfrfe, 2CsI,AgI p or CsjAglj; 
with axial ratios a : 6: c=0'971:1:0 244 by cooling hot sat. sola, of silver iodide 
in cone, aq. potassium iodide. The three salts of the typo M^Agl^ are isomorphoua, 
and they do not conform with the now obsolete rule of I, Remscn, for they contain 
mom halogen atoms belonging to the alkali nitrate than belonging to the silver* 
The tendency of the silver halides to form complexes increases in passing from 
chlorides to iodides, and from lithium bo caesium. 

G. F* Rod well 11 studied the sp. gr. of ft alloys” of cuprous iodide and silver 
iodide ; M. Bellati and R. Romance, the thermal expansion and the sp. htl; and 
G. F* Rodwell, and T. CarneUey and L. T* O’Shea, the ra*p. G* T. Prior reported 
a mineral mier&ite, CuI,4AgI, sp. gr. 5-640, from Broken Hill; B. Gossner also 
studied the same mineral* H* Schulrc’s analyses of the Chilian mineral cupro- 
iodargyrite agreed with the formula CuLAgl. 

According to J* Schnauss, 1 * 100 parts of a solution of silver nitrate t sat. at 11“ 
dissolve 2'3 parts of silver iodide in the cold, and 12 3 parts when boiling. Silver 
iodide absorbs silver sulphate and silver nitrate* C* Stiirenberg obtained crystals of 
what he regarded aa silver iodouitntfe, Agl.AgNO^ by cooling a hot. cone* sola, of 
silver nitrate sat* with silver iodide; and if tho soln. is not completely sat* with tho 
iodide, there are formed needle-like crystals of silver iododinijratfl, AgL2AgNO^ 
belonging to the rhombic system with axial ratios a : 6: c—0 6638:1:0 3123* 
According to G. Scarpa,and J. Kablukoff, the Ip. curve of tho two salts shows the 
existence of the diver iodogeaquirntrate, 2AgI.3AgNOg. According to J, Preuss, so In. 
of mercuric nitrate, especially if warm, dissolve much silver iodide, and, according 
to H. Dcbray, on cooling, crystals of the salt separate unchanged. F. Field soya 
that a eoln. of sodium thiosulphate dissolves very little silver iodide. G. Fogh says 
none, but, according to E* Valenta, at 20°, 100 gems, of sob. containing 1, tt, 10, 
15, and 20 of sodium thiosulphate in 100 of water dissolve respectively 0*03, 015, 
IT30, 0 40, and 0*60 gnn. of silver iodide* A* Rosenheim and & Steinhiuser 
obtained crystals of 4(NH^2^Q9.NH*I.AgI by shaking silver iodide with a cone, 
soln, of ammonium thiosulphate. According to E* Valenta, also, 100 gnns. of soln. 
containing 10 and 20 parts of sodium sulphite per 100 of water, at 25°, dissolve re¬ 
spectively 0-01 and 0‘02 grm* of silver iodide; 100 grins, of soln* containing 5,10, 

vol. m* , 2 f 
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and 10 grms, of ammonium thiocyanate per 100 gnus. of water dissolve respectively, 
at 30°, 0'G2, 0 00, and 0T3 grin, of silver iodide; 100 grms. of a 1:20 eoln. of 
potassium cyanide f at 25 c , dissolve 823 grms« of silver iodide ; and 100 grms. 
of 1 :10 soln. of calcium or barium thiocyanate dissolve respectively 0 03 and 0 02 
gim. of silver iodide. J.Ncuatadt 13 found the solubility of silver iodide in methyl 
alcohol to be 1 ‘GG x 10 Le ; in ethyl alcoholt l'l Xl0" 1& ; and in acetone, about 5 X10 -2 *; 
and F, Benzold says it is insoluble m methyl acetate. 

According to 0. Ruff and E. Geisel^and E. C. Franklin and C, A. Kraus, silver 
iodide is soluble in liquid ammonia. If tf represents the number of litres containing 
a mol of the salt, and ^ the fluidity, and I) the sp. gr, of the eoln.; 

uxUM , (H377 02956 0 5U40 1 182 4W 1563 27 70 

D , 2 2210 1 -420(1 11170 (V8G8S 0 7215 0 0840 ' 0 6820 

^ . - 10-12 108-0 105-0 £84-8 355-ft 3753 376*4 

According to E + C. Franklin and C. A. Kraus, the degree of ionization of solm of 
silver iodide in liquid ammonia, at —33* is 0‘lfi per cent, with a dilution of 100, 
and fl'43 per cent, with a dilution of 1000, vaIucr which are net so high as with 
other binary salts. At —33* the conductivity A in reciprocal ohms is: 

uxio-v . 0-1720 1-200 5-370 62-4 067-2 2881-0 1510(H) 80000 0 

A . * . 3-307 9-818 1535 42 52 1210 175'2 242 1 270-0 

The solubility and fluidity of sola, of silver iodide in the substituted ammonias 
—rndhylamw and dhylandne —have been determined by F. F* Fitzgerald. The 
cone, soln. in these menstrua are very viscous. Silver iodide is slightly soluble in 
aqua ammonia, aw shown by J. Martini, W. Wallace, H. Rose, A t Vogel, and 
H* Baubigny. A. Long! found If JO c.c, of 10 per cent, ammonia (sp, gr, 096) dis¬ 
solves 00036 grin, of silver iodide; H, Baubigny, that 100 c.c. of ammonia of 
sp* gr. O'926 dissolves 0 0167 grm. of silver iodide; and W. Wallace, that 100 c.c. 
of ammonia of sp. gr. 0'89 dissolves G'04 grm. of silver iodide. 

According to A, Joannis and M. Croizier, 16 when silver iodide, cooled by a 
freezing mixture of ice and salt, is treated with ammonia gns, silver ammino-iodide, 
AgLNH 3 , is formi^l with a dissociation temp, of 3 5° under normal press. According 
to A, Longi, the same compound is formed if silver iodide be digested with aq, 
ammonia; but on account of tile low dissociation temp, this is not probable, 
W. Biitz and W. Stollenwerk gave Q *=&*56 Cals, for the heat of formation of 
the monammine, and log p=—Q/4 57T+1 73 log T—0 h 0030T-f3'3. R, Jariy 
measured the dissociation press, of this compound. A, Vogel found aq. ammonia 
forms a compound, probably silver hemiainmiiHMotiide, 2AgI.NH a , which in not 
very stable, since on washing or exposure to tho air it forms yellow silver iodide. 
According to 0, F, Rammelsberg, the hcmiammino-salt is formed when unfused 
silver iodide ia ejqmsod to ammonia gas; heat is developed, and a white compound 
is formed, 2AgI,NH s , H, Ley and G. Wicgncr found the same product was formed 
when silver iodide was confined with ammonia in a eudiometer; the cq. of half a 
mol of ammonia is rapidly absorbed. The compound slowlj 7 loses ammonia on 
exposure, and forms yellow nilvcr iodide on exposure to air ; the decomposition 
occupies about half an hour in vacuo. According to A, Joannis and M, Groizicr, 
the dissociation temp, of this compound is 90° under ordinary press. According 
to F. Isambert, the dissociation press, are : 

84 fl &3 e flU'G" Ba* 70* 7G* 

20 7ft 102 178 222 236 327 460 mm, 

C. Antoine represented the vap. press in p mm., at 9 by logp=0'2373(14'447S 
-f1000/£>, when t=0°+8a W. Biitz and W. Stollenwerk gave <>=ll-59 Cals, for 
the heat of formation of the hemi-ammine, AgUNHg, and log p——<J/4 + 57T 
d-1'75 log T—0 00107 t -b3'3, R. Jariy also measured the dissociation press, of 
this compound. If silver iodide sat, with ammonia is heated with aqua ammonia 
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in a sealed tub*) on a water-bath, a little of the solid is dissolved and the 
soln, deposits on cooling white mica-Iiko crystals of rifeor diammiiifModide, 
AgL2NH$, which are rapidly coloured violet in light- They lose ammonia 
„ and form yellow silver iodide. W. Biltz and W, StoUtmwork gave 7G5 Cals, 
for the heat of formation of the diamminc, and log p=—<2/4 £>7:T-f-l 75 log T 
— 01K>50T+3 3h They also prepared bUtot aesijuiftmmmo-iodide, 2AgL3NHa ( 
whose heat of formation, Q f is 7'25 Cak, and logp= — QfiblT+l m 7b log T 
—0'(XX p 50r+3 , 3 ; likewiac also for silver triammi no-iodide, AgI.3NH 3j the heat 
of formation, Q=W2 Gak, and log Q/4 57T*M 75 log T^O'OOCOTH-3'3- 
All tho ammino-iodides form mixed cp^stak From the temp, of dissociation, the 
stability of the silver ammino-halides is in the order : Agl, AgBr, AgCl. 

According to J, S. Stas, 10 pure silver iodide lias a pale yellow colour ; it is not 
decomposed in direct sunlight unless in the presence of traces of certain impurities 
—with traces of silver salts—when the iodide darkens. The photo-iodides 
are discussed in connection with the action of light on silver halides. A. Guntz 
claims to have prepared hiItot subiftdidft, AgjjI, by the action of hydrogen iodide 
on silver subfluorido, whon much heat is developed ; H, W r Vogel also prepared 
a substance which he regarded as silver subiodide by the action of cuprous iodide 
on silver nitrate, but which K. Emszt regards as a mixture of silver and silver 
iodide. When heated strongly in air, A. Vogel found silver iodide is partially 
decomposed; it sublimes when heated in closed vessels. According to K. Arndt and 
A. Gesiilnr decomposition begins when the salt is heated bo about 800°. According 
to H r Schulze, it is not decomposed when heated in oxygen ; and according to 
A. Vogel, it is only very incompletely reduced by hydrogen at a white boat; but, 
according to A, Jouniaux, it is not appreciably reduced by hydrogen at 700°. 
Elec trolytic hydrogen, says H. Vogel, reduces silver iodide, IL Dannerl found that 
the Equilibrium conditions in the reaction 2Ag-|-2HI=2AgI-|-H a are such that if 
the hydrogen is at atm, press, and the temp. 13°, the i one. of the hydrogen iodide is 
01)43 normal. In order that silver iodide may be completely reduced by hydrogen 
in aq. soil)., 2 Agl-f-H a =2HiH -2Ag, it is therefore neressary that the dissolved 
hydrogen have a greater cone, than 0 043 normal. According to K. Rose, silver 
iodide is completely reduced by iron in the presence of water, or dil. acids, but with 
zinc the reduction is incomplete. A. Naquot found that antimony and bismuth 
do not mince silver iodide suspended in boiling water ; nor, according to D. Tommasi, 
tines sodium amalgam, even in acidified soln. J, Seymour obtained no signs uf 
reduction liy ferrous sulphate in light; E, Rupp and F, Lehmann also say that 
formaldehyde decs not attack silver iodidii suspended, in alkaline solo. 

According to J, J. Berzelius, 17 silver iodide absorbs chlorine at ordinary temp., 
but iodine is liberated only when the silver iodide is warmed. i\ Julius converted 
it completely into silver bromide by passing over the molten iodide a stream of 
air laden with bromine vapour. Dry hydrogen chloride forms silver chloride and 
hydrogen iodide at about 700°. M. Berthelot has studied the action of hydrogen 
chloride and hydrogen bromide on silver iodide. According to F, W. Schmidt, 
when silver nitrate is Added to an alcoholic solu, of potassium tri-iodide, the resulting 
dark brown precipitate is silver tri-iodide, Agl 3 . The same compound is formed 
whim the white precipitate formed by the addition of iodine to ammoniacal silver 
nitrate is treated with an alcoholic soln r of iodine. It is stable only in the moist 
condition. J. 8. Johnson obtained black deliquifseent crystals of 4KI 3 ,AgI,5H20 p 
or K^Agljj.JjHjjO, by evaporating a sola- of potassium and silver iodides and iodine 
in these proportions- According to W. D. Bancroft, silver iodide strongly adsorbs 
iodine, for M. C. Lea showed that freshly precipitated and still moist silver iodide 
quickly decolorizes the pale sheriy-wine colour of an alcoholic soln t of iodine. 
F, E. E. Germann and R. N. Traxler showed that if the adsorbed silver nitrate 
be removed from the iodide no adsorption occurs above the limit 0*02 millimol 
per gram of silver iodide. The phenomenon observed by M. C, Lea was probably 
due to a chemical reaction between the adsorbed silver nitrate and iodine. 
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According to E. Branded dil. nitric acid or phoaphoric add has no action on 
silver iodido; but, according to A, Naqiiefc, hot cone, nitric acid converts it into 
diver nitrate; and, according to A, Laden burg, sulphuric acid at 18 G* forma 
silver sulphate, H. Davy found that when diver iodido was u acted upon by fused 
hydrate of potassa, it was rapidly decomposed, and a solid substance having all 
the characters of oxide was formed. The matter soluble in water separated by a 
filter and acted upon by sulphuric acid, afforded the peculiar substance—iodine '*; 
but* according to A, Vogel, the decomposition is incomplete, while boiling aq, soln. 
of potassium hydroxide turn silver iodide grey without appreciable decomposition ; 
A, Naquofc says alkali lye colours silver iodide brown, and that with boiling alkali 
lye the decomposition is incomplete ; the alkali carbonates slightly discolour silver 
iodide, while the carbonates and oxides of the alkaline earths and magnesium are 
without action. 
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§ IS* Silver Sulphide 

Silver sulphide occurs in nature in two forms-tbe common ore ttfffenlite which 
crystallizes in the cubic system, and the rare mineral twanihiff which cryEtuIlizeti 
in the rhombic system. The cubic variety of silver sulphide was described by 
CL Agricolar 1 (1529) aa Glttserz; by J. G. Wallcrius (175U) as Silbcrejlax; by 

J. B. L. Borne do l’lsle (1783) as wtinera argmli vitmi; by X. C. Leonhard (1821) as 
Silberglanz or *sifver gbme; bv F. S. Bcudant (1832) as nrqtfrose from itpyvpos, 
silver; and by W* Haidinger (1845) as argentitc. L. Erkcr (i598) sliowed that the 
mineral contained fivo-sixtha of its weight of silver; J. F* Henkel (1725), that it 
contained sulphur ; and B. G. Sage (1776) found that a sample he analyzed contained 
16 per cent, of sulphur and 84 per cent, of silver* M. H. Klaproth obtained a 
similar result. 

Silver sulphide is easily prepared, for silver has a strong affinity for NiilpJiur, 
as was shown by A. Orlowsky, and by J* W. Langley. A. Colson found that silver 
is blackened W T heu heated with sulphur to 100° in an evacuated tube. J* Margottet, 2 
and J. B. A. Dumas prepared small crystals of the sulphide by passing the vajjour 
of sulphur over silver at a low red heat. Silver sulphide was prepared by J* S. Stas 
by heating silver in the vapour of sulphur, and expelling the excess by heating the 
product m a stream of nitrogen or carbon dioxide free from oxygen or hydrogen 
chloride* F, Bossier crystallized silver sulphide from a soln. of sulphur in molten 
silver. H, Pelabon studied the fusion curve of mixtures of sulphur and silver, or 
of silver sulphide and silver, P, Bertluer stated that silver sulphide and metallic 
silver s'ttnwmt par fitsion m tonics proportions> but J. Percy showed that this state* 
ment is wrong, for while 83'63 per cent* of silver, and 16 37 per cent, of silver 
sulphide can be melted so as to furnish a “ homogeneous metallic product,” other 
proportions gave a product with two distinct layers—the lower layer is a soln. of 
silver sulphide in silver, and the upper layer a soln, of silver in silver sulphide, 

K. Friedrich and A* Leroux, and F. M. Jhgcr and H, 8 , van KJooeter have studied 
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a portion of the equilibrium diagram, which is not unlike that obtained with copper 
and cuprous sulphide, as illustrated in Fig. 19. By adding silver sulphide to silver, 
the m,p. is progressively lowered to 906° with about 3 per cent, of silver sulphide ; 

the m.p. then remains stationary with further f/jJ g , __ 

additions of sulphur, until, with 12 per cent, of J [ \ i i 

silver sulphide, the m.p. falls and continues falling I { la nd . J ' ff j.. 

to a eutectic at 806°, with 23 at, per cent, of j ; 

sulphur; with between 7 and 29 at. per cent, of Jl j f j r 4- 

sulphur, the liquid separates into two layers, 

According to G. G, UrazofE, molten silver sul- ■ m i ' » y \—- 

phide dissolves up to 0 65 per cent, of silver ; if l ; I 

any mow passes into soln. the fluid separates into wf- - .{ - 

two layers—the upper layer freezes at about 800°, £ I j 

and the lower one at 900°, The cooling solid has £ -- — J ’ 

a transition point at about 175°, corresponding ? j ! 

with passage from rhombohedral to cubic silver g,’*™ — Crystals ' I 

sulphide, There are also other transition points— j j v \^) 

vide infra, cuprous silver sulphide—corresponding 

with xtromeyerite and jalpaite. C. €. Bisset studied „ ! I 

the binary system : silver and silver sulphide. soc - j " 

II. Vogel, A. C. Eeequerel, and C. Geitncr pre- ^ . o ' _[_ 

pared amorphous silver sulphide by the joint —f —y -r--r- 

action of silver, sulphur, and water iu a sealed w 1 -, Cristate r \y 

tubc at 200° ; but 15. Obach found that sulphur j lf j j 

dissolved in carbon disulphide lias no action on I ! i ! j 

silver; but A. Colson found that silver is blackened 0 10 * ^ 

when heated with a solu. of sulphur in benzene, „ 1(1 t1 .... . r , , 

J, B, Senderens found that silver oxide is slowly T j iimry 1IixtUKa of Su i p h ur 
attacked by sulphur and water at ordinary temp, ; aiul silver, 
the action occupies some hours at 9U U ; but is 

faster at ilX)°; and he represented the reaction: 4Ag 2 0d-4S — 3Ag<j8-l-Ag 2 fi0 4 ; 
followed by : 3Ag 2 S0 4 +4S J-411,0=3Ag 2 S+4S0 4 , When the mixture is 
heated in a sealed tube, silver sulphide and sulphate are formed. M. Haifa and 
A. Picroni found colloidal sulphur acts in a similar way, K Filhol and J. B, Sonde- 
runs converted a soln. of silver sulphate into silver sulphide and sulphuric acid by 
boiling it with finely divided sulphur; similar results were obtained with silver 
nitrate, oxalate, acetate, and carbonate. U. Vortmann and C, Padberg found 
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insoluble silver chloride, bromide, and iodide are either unaffected or only slightly 
blackened by boiling with sulphur and water. H. Weinsehenk obtained crystals 
of silver sulphide by heating silver acetate with hydrogen sulphide under press*, 
or by heating the same salt with a soln. of ammonium thiocyanate in a scaled 
tube at 180°— the active agent here is hydrogen sulphide formed by the decompo¬ 
sition of the thiocyanate. W. Spring claimed to have made silver sulphide by 
the union of a mixture of the two finely divided elements merely by compression 
under G5(J0 atm,, but W. HaJlock, and J, Johnson and L, II, Adams have shown 
that this statement wants modifying—wide 1, 18, 23, 

J, M. Caball found that hydrogen sulphide, thoroughly dried, does not attack 
silver at ordinary temp., but under ordinary atm. conditions, the small amount 
of hydrogen sulphide sometimes present was found by J, L. Proust to blacken the 
surface of silver; and by heating silver in a stream of hydrogen sulphide J, fl, Stas 
prepared silver sulphide, E. Obach also found that a sola, of hydrogen sulphide 
in carlion disulphide attacks silver if air ho simultaneously present, but not if air 
be excluded. Silver sulphide is precipitated as a black powder when silver oxide, 
or an aq, soln, of a silver salt, is treated with hydrogen sulphide or a soluble alkaline 
sulphide. H. St, C. Devillo and L, Troost made crystals of argontifce by passing 
hydrogen sulphide over silver chauffd au rouge , and J. Durocher prepared crystals 
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of silver sulphide by the action of hydrogen sulphide on silver chloride at a high 
temp, V. Eohlsdhiifcter and E. Eydmann found that with a neutral soln. of silver 
nitrate, the precipitate always contains free sulphur which cannot be removed with 
carbon disulphide; while F. M. Jager and H, 8, van Klooster could extract traces 
with toluene. L, Bruner and J, Zawadsky studied the equilibrium conditions of 
the reaction. 1 Bloch and F. Hohn found that hydrogen persulphide, dropped on 
silver oxide, reacts with explosive violence, -and inflames; when the combustion 
has ceased, greyish-black crystals of silver sulphide remain 

0. von der Pfordten claimed to have tuado sifter lubaUlphldCp Ag^S, by the action 
of freshly-prepared ammomum hydrradphida on silver euboxide; and A> Gimtz, hy tlie 
action of hydrogen sulphide on silver aubfluoride. The product is black and amorphous ; 
it is readily soluble in nitric acid and in cone, sulphuric acid without the separation of 
sulphur. It decomposes: Ag 4 S =Ag,B+2Ag cm standing under water, or when it ia dried. 

B. Priwoznik obtained silver sulphide by melting silver with potassium penta- 
sulphide and extracting the mass with water. A yellow soln. of ammonium sulphide 
slowly attacks silver, and in six weeks, a crystalline crust of the sulphide is formed 
on the metal. V, Stanck obtained crystals of silver sulphide by heating colourless 
ammonium sulphide with silver in a tube at 150°-200 & . K. Preis and B. Raymann 
found a soln. of sodium thioarsenite, N&gAsSg, reacts with silver nitrate, forming 
silver sulphide and arsenious acid. A. Beutell, and G. Striiver found that hauerite, 
pyrite, marcasite, and pjrrrhotifce act on silver, forming silver sulphide, while 
cobaltito and arsenical pyrites have no action. 

C* Qeitncr obtained crystals of silver sulphide by heating the metal with sul¬ 
phurous acid in a sealed tube at 200°; and he found that when silver sulphite is 
heated with water under similar conditions, a mixture of crystalline silver sulphide 
and crystalline silver is formed. When silver is heated with dry sulphur dioxide, 
J. Uhl found that silver sulphide and sulphate are formed. C. Geitner obtained 
microscopic crystals of silver sulphide by heating a mixture of silver nitrate and 
sulphurous acid in a sealed tube. According to W. Vaubel, silver oxide reacts 
quantitatively with sodium thiosulphate: ^O+NaaSsO^AgaS-f-N^SO*; 
and, according to J. Fogh, and J. Girard, silver nitrate gives a precipitate of silver 
sulphide; 2AgN0 3 -hNa 2 S 2 0^-(-H £ 0—2NaN0j-fAg 2 S+H 3 S0 4 , and if the thio¬ 
sulphate be in great excess, the precipitate redissolves. 

The physical properties of silver sulphide.— 0. Paal and F. Voss* prepared 
colloidal adver sulphide by treating silver lysalbinate with a dil. soln. of ammonium 
sulphide, and dialyzing the soln. to remove the compound last named, A. Lottor- 
moaer mixed ^N-AgNOs with an excess of Na 2 S, J, Lefort and P. Thibault 
used a mixture of gum arable and silver nitrate, and E. Stiasny used casein, albumin, 
dextrine, gelatine, or glue in place of gum orabic. A, Fieroni treated a dil. solo, 
of silver nitrate in pyridine with hydrogen sulphide, S. Gd6n mixed dil. soln, of 
silver nitrate and of sulphur hydresol H. Freundlieh and A. Nathanson made 
silver sulphide sol by mixing sulphur sol with silver sol; and F, V, von Hahn, 
by bubbled hydrogen sulphide through 0 002N-AgN0 8 . The so-called silver 
hytkowlphuU of S* E, Linder and H t Picton ia probably the colloidal sulphide. 
F. V, von Hahn found that silver hydrosob pass through a range of colours from 
yellow to green on adding increasing amounts of potassium chloride; the 
precipitate is invariably brown. 

Argentite has a dark leaden-grey colour, and it occurs in crystals which are 
rude uneven cubes, or octahedra, but more usually it is scaly, earthy, or dendritic. 
H. Row’s analyses 4 of fahlerz showed that silver and cuprous sulphides are 
closely related, and G. Rose emphasized the relationship by showing that cuprous 
sulphide, though rhombic in copper glance, does occur in a cubic form like argentite; 
and he added that “ the isodimorphum of these two sulphides is almost established 
by the occurrence of a rhombic gtromeyerite (Cu, Ag) 2 S, at Rudebtadt (Silesia); 
but tho demonstration will not be completed until rhombic crystals of silver sulphide 
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have been discovered, In I860, 0, A, Kenngott mba lucky enough to find the 
missing rhombic form of silver sulphide near Joachimsthal \ and he called the 
new mineral mtfdhite from aKar&a, a thorn, in reference to the appearance of its 
acioular crystals—H, Dauber found the axial ratios to boo: b :c=0ti886 :1 : O'0944, 
There is also the rhombic form of silver sulphide derfemiimte, so named by A. 
Breithaupt after Dalminzien, the ancient name for Freiberg. The angle of the 
rhombic prism of daleminzite is 116°, and with acanthite, 110° 54', The former 
is the variety isomorphous with cuprous sulphide. 

The specific gravity of artificially prepared silver sulphide was found by 
(1 J. B, Karaten to bo 6 + 8501 ; H. Dauber found 7 269 and 7'317 for argentite; 
and for acanthite, 7\E04 to 7'326; while C. A, Kenngott found 7 l 31 to 7’3fl ; and 
A, Breithaupt gave 7 02 for daleminrite. The hardness is about 2. fn illustration 
of the malleability of HilveT sulphide, J + J. Berzelius related that Augustus, King of 
Poland, caused pieces of native silver sulphide from the Saxony mines to be struck 
into medals, M. Bellati and S. Lussana found the specific heat between 75° and 
220° to be 0'0891 ; and at 100°,0't>786; A. Sella gave 0-0746 \ while W. A. Tllden 
found the sp. ht. between —182* and 16 5 to be (V0568; between 15° and 100°, 
0'0737 ; and between 15° and 324*, 0 0903. E. Madelung and R, Fuchs gave 
3'{X)xl0 iB dynes per sq : cm. for the OOmpresflibiUty of argentite. H. Pelabon gave 
82fi* for the melting paint of silver sulphide ; F. M. JSger and H. S. van Klooster 
gave 842 °; W, Truthe, 834*; G, G, Urazoff, 842°; C. Sandonnini, 836°; and the 
latter found the f.p. to be not much higher than The fusion ourve is shown 

in Fig. 19. F. M. Jager says that silver sulphide dissociated perceptibly at 950 5 . 
0. Miigge found an appreciable softening occurs when the silver sulphide is heated 
to 200 u . K. Friedrich, and W. Truthe found the transition point from the rhombic 
to the cubic form is 175°, 0. Sandonnini gave 178°; F, M. Jager and H, S. van 
Kiuoster, 179*. According to Q t G. Urazoff, solid silver sulphide shows transition 
points at D76°, 175°, and 110*. The first modification forms solid soln. with up to 
0 5 per cent, of silver, and this product breaks down, as the temp, is lowered, and 
passes through the other critical points. There is also a discontinuity in the 
electrical resistance at the transition point, P, W, Bridgman found that the trans¬ 
formation is accompanied by a very small change in vol- less than 0'0002 c.c, per 
grm. 

V, Kohlachiitter and E. Eydmann say that silver sulphide does not sublime 
between 350° and 400*, but in sulphur vapour or in hydrogen sulphide the product 
rapidly re-crystalliaes —vide moss silver. 

The heat o! formation of silver sulphidu from the solid elements is 2AgH-S 
^AgaSd-3*0 Cals, according to M, Borthelot, and 5 + 34 Cals, according to J. Thomsen,® 
The former also gives ftAg^a+HAu^AgaS-l-H^—1’6 Gala, ; and Ag^O 
+Hs8 w i n =Ag a S+H 2 0u (l .H-27 t 9 Cals, J. Thomson found for SAgNO^-fH^a* 
=47 63 Cak, and P. A, Favre and J. T. Silbcnnanu, 57’53 Cals, W. A. Fclsing 
calculated tho free energy decrease at the transition temp.448 & K. to be —630 cals, 

A, dc Gramont® found the Spark Spectrum of argentite is characterized by the 
intensity of two green eilverdinea, only comparable with the thallium-lino, and 
stronger than the copper-line; there aro also other silver lines present without 
special characteristics. There is also a group of sulphurdincs in the red, green, 
and blue parts of the spectrum; and diffusa and scarcely visible lines in the violet 
where they are mixed with iron-lines. Some zinc-lines arc also visible. 0. Rohde, 
and K. Herrmann have studied the photoelectric effect of silver sulphide. 
G. Chaperon and B, Mereadier, and H. Rigollot found that silver sulphide is 
sensitive to luminous or ultra-violet radiations, and it can serve as an actiftomdre 
ilectrochimiqite* Like selenium, it has a low electrical conductivity in the dark and 
a higher one in light. W. W, Coblentz and H. Kohler found a change in the 
electrical resistance of argentite when exposed to light, from D'fyz in the visible 
spectrum to 3 ft in the infra-red. G, G&saio said that argentite is a non-conductor, 
but others find it to be a conductor of electricity, but not so much as acanthite. 



442 


INORGANIC AND THEORETICAL CHEMISTRY 

F, Baijerinck says that the decrease fo the electrical resistance with decrease o 
temp, ta more marked at a low temp, than at a higher temp*; at ISO* the resist 
ancft is approximately a thousand times smaller than at SO*, K, Badekor foum 
that the passage of the current at room temp, is attended by decomposition am 
polarization, but not bo at 220* ; the sp. resistance at 200* is 0 0017 (when thal 
of copper is Q'(XXXX)17). There is a marked jump in the conductivity near the 
transition point 175*. V. Kohlsebutter and H, Stiiger studied the electrolysis of 
sulphide soln. with anodes of silver sulphide. C. Tftbaudt found solid silver 
sulphide conducts electro] ytically above 180°, the silver ions carry the current 
with an ionic velocity of O il cm, per sec. F. Streintz noted the high temp, cocfl. 
of the conductivity of silver sulphide. W* Munch made observations on this 
subject. S. von Lasczynsky and S, von Gorsky found that a soln. of silver sulphide 
in pyridine is a non-conductor. F, Streintz studied the unipolar conductivity of 
silver sulphide. C. Tubandt also measured the conductivity of the crystalline jsohd. 
A. A. Noyes and ft ft Freed* and G. Triimpler studied the e.ui.f. of silver sulphide 
ceils; and the last-named measured the e.in.f. against sodium sulphide. 

According to R. Lucas, 7 the solubility of silver sulphide in water is smaller 
than that of silver iodide. The solubility is so email that the estuuatea that have 
been made are not in agreement. 0. Weigel estimated the constant to be 0 552 
XHH mol per litre at 18°; W. Biltz, 0 8 X10“* between lti* and 18* ; and J, Knox* 
2'2xl(H 7 p at 25*, if complete ionization occurs, and 43xl0^ 17 from the cone, 
of the silver ions in a sat. soln. 

Chemical properties oi stiver sulphide.— Silver sulphide la permanent in a dry 
or moist atm. at ordinary temp, whether in light or in darkness ■ and J. Percy 8 
showed that this applies even when the silver sulphide is finely powdered. A, Bcutell 
bund that when natural or artificial silver sulphide is heated in an evacuated tube 
for several days between 350° and fiOO n J some decomposition occurs; and a little 
silver is formed which seems to wander through the silver sulphide, appearing at 
the cooler ejid of the tube as filiform silver (?.*?.). Neither silver foil nor filiform 
silver is attacked by sulphur vapour in vacuo at 450° for 48 lus. Silver foil alone 
in vacuo at 450*-5Sr>° showed no trace of the formation of filiform silver, but silver 
and silver sulphide heated together at 450* furnishes filiform silver. The action of 
heat on silver sulphide was studied by M. Wasjuchnowa* When‘silver sulphide is 
heated in atm. air, silver and sulphur dioxide are formed* D. Larranga* F. de is 
Garza, A, V. EzpeleU and J. M. Peimger, and P. Berthier state that if roasted at 
a low temp, some silver sulphate is formed, but J. Percy failed to confirm this at 
the lowest temp, at which any change occurs, 

F. Kraft and L. Mcrz found that in vacuo in the cathode light* silver sulphide 
decomposes at a low temp, into silver and sulphur. V. Kohlsebutter ascertained 
that silver sulphide is reduced hy exposure to canal rays, even when hydrogen is 
absent. K. Friedrich and A. Leroux did not detect any appreciable action when 
silver sulphide ia exposed to the radiations from radium bromide, but 0. Miigge 
said that there is a slight action. K, Friedrich and A. Leroux found argentite is 
decomposed by exposure to sun-light or the arc-light, and the decomposition is the 
more marked the more intense the light, 0. Miigge also found polished surfa^s 
of natural or artificial silver sulphide become covered with a fine duet when exjHJsed 
to cone, solar light; but the attack is very slight in an indifferent atm. At the 
high temp, of an electric furnace, A. Mourlot found that silver sulphide melts and 
is readily reduced, add the condensed drops of volatilized metal contain traces of 
sulphur. According to A. de Gramont, when argentite is exposed to electric sparks, 
it acquires a black coating—possibly metallic silver. 

H. Rose 6 heated silver sulphide in a stream of hjdttgen and observed that 
hydrogen sulphide is evolved* and that the silver separates in delicate Lair-like 
fibres* S. Hauser gave 260 a -276 u for the temp, of the reaction. According to 
V* Kohlsehutter and E. Eydmaim, the evolution of hydrogen sulphide can bo 
detected between 200* and 220*. H, Pelabon has studied the equilibrium 
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conditions in the reaction: H^-l-A^S^HsS-f-EAg in sealed tubes at different temp. 
Equilibrium is attained the more quickly the higher the temp.; at360 a about 160 hra. 
is needed* and at 580 c a few momenta suffice. The liberated silver occurs in filiform 
masses only when the temp* is below 580°; the best samples were obtained by 
heating crystalline silver sulphide and hydrogen in a sealed tube at 440°. 
W, S. Felsing studied the equilibrium conditions in the reaction Ag s S-j-H a =2Ag 
+■ H 2 S between 750° K h and 8iX}° K,, and found the equilibrium constant K=vh #jv}t 
has the value 03588 at W 15° K. ; 0 3155 at H1125 5 K.; and 0 2780 at 889 63 C K. 
The relation of the thermal value of the reaction to the temp, about 448° X, is 
3471—T'20J ! * or 245 cals* at 448* K., and allowing for I1&5 cals, for the increased 
heat content at the transition temp,, the thermal value of the reaction near 298° K, 
is 3740—5'682\ or 2047 cals, at 298° K, Thu change in the free energy of the 
reaction is —1527 cals, at 74915° K.; —1861 cals, at 811^25^ K.; and — 2265 cals, 
at 889 03* K.; and for the decrease in free energy between 448 J K, and 890° K„ 
-347l-7-20rio&T+50'2GT; and from 298° K. to 448° K.* —374<.P— H'GSJ 1 log* T 
d-4i'G82 T * Silver sulphide is reduced by " nascent *’ hydrogen from iron or zinc 
and a dil. acid, and P, Laur reduced the sulphide by the action of tin amalgam and 
a dil* sob* of sodium hydroxide. According to A. Mnilfert, silver sulphide is oxidized 
by QZOnti to free sulphuric acid* etc. 

Silver sulphide undergoes no appreciable change in water at ordinary temp., 
but 1\ de Clermont and J. Frommef found that when boiled with water, some silver 
oxide and hydrogen sulphide are formed. According to 0 Weigel, a litre of water 
at 18° dissolves 0552XKH 1 mol of silver sulphide. H. V. Regnault found that 
silver sulphide is reduced to the metal when heated to redness in steam, and there 
is a marked evolution of hydrogen sulphide. G. Bisokof found the reduction 
occurs at a little below the m*p, of zinc (418°), and the silver is left in hair-like 
threads exactly resembling capillary or filiform silver* G. Risehof claimed that 
some sulphuric acid is produced in the reaction, possibly: 4Ag2SH~4H^O—4Ag 2 
4-H £ S0 4 -J-3H 2 S. b\ A, Moesta showed that the products vary with the temp, 
of tins reaction, and in bis experiments, hydrogen sulphide, sulphur dioxide, and 
free sulphur escaped from the tub** along with the excess of steam. Possibly the 
sulphur of the sulphide is simultaneously attacked by the water, simultaneously 
forming hydrogen sulphide and sulphur dioxide. B. Coren winder found that the 
passage of sulphur vapour and steam over porous substances gave hydrogen sulphide, 
but- be does not mention the production of sulphur dioxide. Artificial silver sulphide 
was found to be energetically reduced by steam at 100“, ami by heating different 
parts of a tube of silver sulphide to different temp., it is easy to obtain silver in 
“ tree-, moss-, and wiredike forms, and also In larger pieces/* F, A* Moesta found 
a mixture of sodium chloride and silver sulphide is slowly converted into silver 
chloride by eteam at KKT; and rapidly if magnesium chloride bo substituted for 
the sodium salt. The reactions axe faster at a higher temp,, and also if finely 
powdered iron pyrites bo present. In the latter case the increased activity is 
attributed to tho facility with which the sulphur of the pyrites is converted into 
sulphuric acid. 

According to H* Rose* 10 silver sulphide is not acted upon by chlorine at ordinary 
temp., and js attacked but slowly when heated in s^ stream of that gas, while 
G* J. B* Karsten stated that chlorine converts tho sulphide into chlorido at ordinary 
temp 3 and that the action takes place more quickly and completely when the 
sulphide is heated to redness in an atm, of the gas. L, R, von Fcllenberg, and 
J* Percy also found that silver sulphide is changed by chlorido into silver chloride, 
and tlie action ls promoted by a rise of temp* Sulphur chloride is a product of the 
reaction. F, Jannasch proposed to decompose the argentiferous sulphides by diy 
air charged with bromine vapour. Chlorine water was also found by J. Percy to 
partially convert silver sulphide into chloride at ordinary temp*, and in light; 
most of the sulphur is simultaneously oxidized to sulphuric acid. F. J. Malaguti 
and J* Durocher obtained a similar result in darkness. According to K. Heumann, 
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"dil. hjdroohloric Add has no appreciable action on old or freshly precipitated silver 
sulphide; but the cone, acid, particularly if aided by heat* gives off hydrogen 
sulphide and forma silver chloride which in part dissolves and in part forms a 
coating over the sulphide, protecting or impeding further action. F. T. Sonneschmid 
studied the combined action of aq. hydrochloric acid and mercury on the Mexican 
sulphide ores, and found that at ordinary temp, the silver sulphide is completely 
reduced and the whole of the silver amalgamates with the excess of mercury. Silver 
chloride is first formed, and this is reduced by the mercury. A, A, Noyes and 
E. S. Freed calculated the free energy of the reaction: Ag a S -4-2HT fcri .—2 Agl , 

and they found 4070 cals, at 25 a , 

C. Schnabel found that silver sulphate i$ formed when silver sulphide is heated 
with sulphur trioxide. According to J. Percy, silver sulphide is said to he decom¬ 
posed by cone, sulphuric acid with the formation of silver sulphate and free sulphur ; 
but it is not acted on when boiled with sulphuric acid diluted with three or four 
times its vol. of water. According to T. Gross, when silver sulphide is brought 
into contact with a platinum cathode in dil. sulphuric acid, it is converted into a 
grey mass, the gas evolved from the cathode yields, with silver nitrate sola., a gieyiah- 
black precipitate consisting of glistening plates. A similar precipitate is obtained 
by treating silver nitrate with electrolyzed sulphuric acid. Both precipitates 
differ from silver sulphide, Ag 2 S, in properties, but their compositions have not 
been determined, According to P, Berthier, and A. Guerout, silver sulphide is not 
soluble in sulphurous add, A. Fotilitzin found that when heated with an eq, 
quantity of sdfflliimi, between G00 a and 700 D , about fib per cent, of the sulphur is 
displaced. According to H, FeigeJ, a benzene soln. of sulphur chloride converts 
silver sulphide into a mixture of silver chloride and sulphide, 

J. Percy 11 has studied tha formation of silver chloride from the sulphide, 
chiefly with the object of understanding the Mexican amalgamation process. When 
silver sulphide is treated with sodium chloride, air, and water at ordinary temp., 
no silver chloride is formed, but when silver sulphide is treated with cupric chloride, 
air, and water at ordinary temp,, silver chloride and cupric oxychloride are formed, 
with the separation of free sulphur and sulphuric acid. It is assumed that the first 
reaction: Ag 2 S+2CuCI a ^2AgCl+2CuCH-S 1 is followed by 2Ag 2 S-H8CuCl+30 2 
+ fiHfcO—4A^dH-3(CuCl a .3Cu(OH) 2 }4 i 2S r J. B, J. D. BoussmgauLt believed an aq. 
soln, of cupric chloride has no action on silver sulphide, but immediately sodium 
chloride is added decomposition begins, and it continues until all the silver is con¬ 
verted into chloride. 0, J. B, Karsten made a similar observation, and added that 
an ammoniacal soln, of cupric or cuprous chloride likewise has no action on silver 
sulphide, but a reaction does occur if sodium chloride be present. F, J, Malaguti 
and J, Durocher claimed, like J, Percy, that the presence of sodium chloride is not 
necessary for the reaction between silver sulphide and cupric chloride. J, Berov 
also found that when a cone, aq. soln. of cupric chloride in excess is boiled with 
silver sulphide, the latter is rapidly converted into chloride; the action is not 
appreciably accelerated if a stream of air ia passed through the boiling liquid- 
sulphur is liberated during the reaction, and a little sulphuric acid is formed. If a 
mixture of silver sulphide and cuprous chloride is boiled, while a stream of air is 
passed through the mixture, only a little silver chloride is formed. This is explained 
by the insolubility of both substances in water. When silver sulphide is exposed 
to the action of cupric and sodium chlorides, air, and water at ordinary temp,, 
silver chloride ia formed and sulphur is set free. C. J. B. Karsten found a soln. of 
cupric and sodium chlorides decomposes atephanite, red silver ore, and fuhlerz in the 
course of a few days—the last-named mineral is attacked the most slowly—cuprous 
and silver chlorides are formed. If cuprous chloride be substituted for cupric chloride, 
tha silver sulphide behaves in a similar way—the cuprous chloride is soluble in the 
soln. of sodium chloride. If air be excluded, not a trace of silver chloride is formed, 
so that oxygen plays an essential part in the conversion of silver sulphide to the 
chloride by cuprous chloride and a soln. of sodium chloride, F, J. Malaguti and 
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j, Durocher state that in ait some silver is formed. If cuprio sulphate is substituted 
for cupric chloride similar results are obtained; cupric chloride and sodium sulphate 
are first produced, and the former then reacts with silver sulphide as before, Silver 
sulphide, basic ferric sulphate, sodium chloride, and water, react at ordinary temp,, 
and silver chloride is formed. Air is not needed for the reaction. According to 
F, J. Malaguti and J. Durocher, ferric sulphate alone has no action on silver sulphide , 
while, according to J, Guiliemm, ferric sulphate has been successfully used at Tetela 
del Ora as a substitute kr cupric sulphate in the Mexican amalgamation process. 
If ferrous sulphate be employed in place of the basic ferric sulphate, silver chloride 
is produced only when atm. air has access. 


According to F. J. Malaguti and X Durocher, pyrargyrite bnhavoa like silver sulphide 
with a soln. of cupric chlorido ; and when air is present, “ sulphuric acid and a mixed 
deposit of silver chloride and cupric; oxychloride arc formed; the antimony passes into 
sofa, from which it can be precipitated along with the copper by a plate of sine," Prouatite 
ia leas energetically attached than pyrargyrite, The presence of sodium chloride docs not 
promote the formation of silver chloride as it does in the case of the simple sulphide. 
Sodium chloride inhibits the reaction with proustjte, Argentiferous galena, cuprous 
chloride, air, and water, form cuprio oxychloride, lead chloride, and cuprio sulphate— 
acme silver chloride waa produced at the end of three months 1 action. Similar experiments 
were made with argentiferous blende, and argentiferous iron, or copper pyrites. 


Silver sulphide dissolves in the alkali sulphides — vide infra for the resulting 
double sulphides— and J, Knox 12 found that at 25° 0*1 mol of sodium sulphide in 
tf-soln, contains 6'3xlfM 4 gram-ions of silver per litre when sat. with silver 
sulphide. The blackening of silver by hydrogen sulphide or soluble sulphides has 
Itten studied by F, H. Hahn—silver. J. Percy found silver sulphide to be 
insoluble in an aq. sob* of sodium thiosulphate* P. N. Gredy found silver sulphide 
dissolves in cone, nitric add, with the separation of sulphur. H. Gruener found 
that the proportions of silver nitrate and sulphate formed during the reaction Vary 
widely with the cone,, temp,, and time. Silver sulphide is rapidly dissolved by 
nitric acid when the cone, exceeds 5 per cent. Very cone, nitric acid yields silver 
sulphate alono, while acid of lower cone, forms some nitrate in proportion to its 
dilution: thus, 20-21 per cent, acid yields the maximum proportion of silver 
nitrate—about 95 per cent.—and a more dil, acid again results m a smaller per¬ 
centage of nitrate. Heating the acid or prolonging its time of action is unfavourable 
to the formation of nitrate. According to P. N. Gredy, silver sulphide is not soluble 
in aq. soln. of ammonia or ammonium carbonate, P. N. Gredy found aq. ammonia 
dissolves some silver sulphide, if it has been simultaneously precipitated with silver 
chloride ; and, according to E. C, Franklin and C. A. Kraus, silver sulphide is not 
soluble in liquid ammonia. N. D. Costeanu did not observe any reaction with 
carbon dioxide, F, H, Hahn found that silver sulphide dissolves in hydrocyanic 
add, and the soln. gives a black precipitate when treated with an excess of potassium 
sulphide, a violet coloration with nitroprusside, and, with hydrochloric acid, silver 
chloride is precipitated, W. Skey found silver sulphide to bo soluble in aq, soln. 
of potassium cyanide, R. Lucas represented the reaction: Ag a 9+fiKCy+H 2 0 
—KSH+KOH*f 2K^Ag0y*; but E. Kuhn found that more silver is dissolved than 
corresponds with t h i s equation, and C, Gdpner represented the reaction; Ag^S 
+4K(V=K a 8+S!KAgOy a . J. Percy found that five-sixths of the silver is reduced 
by fusing silver sulphide with potassium cyanide, the remaining silver remains in 
combination with the resulting alkali sulphide. 

According to J. Percy, 1 * silver sulphide is not affected by trituration with trail 
powder, dry, or in the presence of cold or hot water; but if hydrochloric acid be 
present, hydrogen sulphide and silver are liberated j similar results are obtained 
with F t J f Malaguti and J. Durocher reduced silver sulphide by iron in a 
soln. of alum, or of ferrous or cuprio sulphate at 100°, In the last case the reaction 
must be complicated by the separation of copper. Iron completely reduces silver 
sulphide at a red heat, with the formation of iron sulphide; prolonged fusion, 
stirring, and an excess of iron are needed for the completion of the reaction. Iron 
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does not (separate the silver completely from the double sulphide of copper and 
iron* Silver sulphide is not completeiy reduced when heated with an excess of 
copper; the rcgulus formed contains silver, and the silver alloys with the copper. 
J- Percy said that silver sulphideis reduced hy shaking it with precipitated copper 
in water, but F. J. Malaguti and J. Durochei say that copper has no action on silver 
sulphide even in water at 100° provided the sulphide is thoroughly freed from acid ; 
they also report that silver sulphide is more easily reduced by ropper than by iron, 
in water containing alum, or cupric or ferrous sulphate at ltMr. When cuprous 
oxide is used in place of copper, a smaller amount of silver is reduced in the case 
of alum and cupric sulphate, but a larger amount in the case of ferrous sulphate. 
Similar experiments were made on pyrargyrite, and on proustite. Expressing the 
amount of silver reduced m hundredths of the amount of silver in the sulphide : 


Copper and argentito . 
Copper and pyrargyrito 
0*1,0 and proustite 


Alum 

«aai) 
7J-0 
22-0 


«aa» 

710 

4.V0 


tfoSO* 

2S-44 

S'B 

J7S 


Possibly an insoluble basic ferric sulphate was formed in the case of ferrous sulphate. 
Silver sulphide is not completely reduced when heated with lead in excess, since the 
regulus contains silver, and the silver which senates alloys with the excess of 
lead. 

Silver sulphide is decomposed when triturated with mercury oven at ordinary 
temp., and if the mercury bo in excess, silver amalgam is formed: Ag^S+Hg 
=HgSH-2Ag. F. J. Malaguti and J. Durochei reported that mercury reduces 
silver sulphide, native or artificial, more rapidly than the chloride. The presence 
of alum or of ferrous or cupric sulphate greatly promotes the reducing action of 
mercury on silver sulphide. With mercury alone unity, the relative proportions 
of silver extracted by mercury with the aid of these salts is : 

Alum FViiO, C\i 30 < 

Mercury and silver sulphide . . . I + 34 V&O 28 3 


The action on pyrargyritc and proustite is slower than in the case of argentite. 
There arc some native sulphides which contain a considerable proportion of silver 
sulphide but from which no silver, or only a small proportion of the total, can be 
extracted by treatment with an excess of mercury. Thus, of ten samples of galena 
from different localities, that from +Sala (Sweden), with O' 8 per cent, of silver, yielded 
about 18 per cent, of its silver; that from Giromagny, witli 005 per cent, of silver, 
yielded about 17 per cent, even though the former is 16 times richer in silver than 
the latter ; none of the other eight samples yielded any silver to the mercury during 
960 hrs,* contact. Hence, added F. J, Malaguti and J, Durocher: 

II sonrtble done que Jes g&l&nca docilcn a Painalgaination ronferment Pargcnt eons forme 
do flulfuro dont uue pnrtio au mow ee trouvo 4 P£tat do melange, Landfg quo lea gul&nes 
qui no cAdent rein an mercurn nmfermtint probablement lo wutfure d’orgunt A P6tat do 
combinniBon. 


Similar results were obtained with argentiferous blende, iron pyrites, and grey 
copper ore. R. Segura found the amalgamation occurR much more readily when 
the amount of water is just sufficient to make the mixture into a paste and is 
not in excess. V. Kohl&diiitter and E. Eydmann found mercury vapour passed 
in a stream of carbon dioxide over heated silver sulphide reduces it more slowly 
than hydrogen. 

A boiling soln. of potassium hydroxide transforms silver sulphide into oxide. 
J. Percy found that the fusion of silver sulphide with four times its weight of 
potassium hydroxide reduced 88 7 per cent, of the silver, in about 30 mins, at dull 
redness; similar results were obtained by fusion with sodium carbonate. With 
a longer action and p higher temp, the yield was greater. Silver sulphide is not 
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soluble in an aq* solo. of sodium or potassium carbonate. No reaction is observed 
when silver sulphide ia heated with calcium Oxide. When silver sulphide is fused 
with flRrali chloride ill the presence of ait, part is decomposed, forming silver 
chloride and sodium sulphate, and part is resolved into silver and sulphur dioxide. 
It is possible also that the alkali chloride acts on some of the metallic silver liberated 
during the reaction. 

Silver sulphide is not soluble in aq. soln. of potassium or sodium chloride. When 
a mixture of silver sulphide and silver oxide is heated, the compounds are mutually 
reduced: Ag a S-|- 2 Ag-jO= 6 Ag-l- 802 j load (nidi) behaved similarly and an alloy 
of lead and silver was produced. If the lead oxide be in large excess, no sulphate 
was detected in the products of the reaction. Similar results were obtained with 
copper oxide. When a mixture of silver sulphate and sulphide is fused, the reaction 
is symbolized : Ag 2 S f~Ag a S 04 = 4 Ag-f- 2 S 0 E . J. Percy also found silver sulphide 
is not oxidUud by heating it with sodium sulphate ; potassium nitrate forms 
potassium sulphate and all the silver separates as metal; a violent reaction occurs 
with potassium chlorate, and about one-third of the sulphide is reduced to silver; 
aAg^Sd-iKClOj^Ag^fiAgCl+SKa^+SOa-l-Oa. A boiling soln, of potassium 
chlorate has no action on silver sulphido, Silver sulphide dissolves in fused borax 
and in mieroeosmic salt, colouring the masses red. As previously indicated, 
H, J. D. Karsten found silver sulphide is not decomposed by a soln. of cupric 
chloride, but J. B. J. D. Bousningault observed that cupric sulphide and silver 
chloride am formed if the soln, of cupric chloride contains some sodium chloride. 
C, Schnabel rej>orted that solid cupric chloride is reduced to cuprous chloride by 
silver sulphide, A. Levallois found that lead Chloride decomposes silver sulphide : 
Ag £ S bBbOL—BbS-h2AgOi, According to W. H r F. Waokcnroder, silver sulphide 
is Insoluble in a soln. of mercuric nitrate; and H. C, Bolton found that it dis¬ 
solves in citric acid containing a little potassium nitrate. 

Silver sulphide is stated by K. Wat eft on 14 to have boon used for the preparation of a 
blank substance uaod in ancient times for inlaying silver and other jewels— argmUHc 
mdlfa —in the sO'Cflllod mdlo work described by Theophilua, and othorn. 

J r J. Berzelius 1& emphasized the basic chararter of silver sulphide, in that it 
forms a number of double salts with other sulphides. P. Berthicr stated that 
silver sulphide is soluble in fused alkali sulphides in all proportions, and it combines 
par mie shhv with most of the metal sulphides. According to A, Ditto, silver 
sulphide changes its colour when kept in darkness in contact with a cold sat. soln. 
of sodium sulphide, Na^S ; and if the liquid is warmed whereby its cone, increases, 
a stage is reached when a mass of red crystals suddenly appears. The crystals are 
rapidly filtered from the mother liquid, and dried an porous tiles. Their composition 
is then silver radium sulphide, Na £ S,3Ag 2 S.2H 2 0, The crystals an: immediately 
decomposed by water, or by a sat. soln. of sodium sulphide, with the formation of 
black silver sulphide. A. Ditto also prepared potassium silver sulphide* 
K 5 S. 4 Ag 2 S.H 2 O, in a similar way. A. C. Bocqucrul prepared crystals uf a potassium 
silver sulphide of unknown composition by the galvanic decomposition of silver 
nitrate and potassium sulphide. 

According to G, Rose, dark steel-grey rhombic crystals of airtmteyerifti with 
axial ratios a : b : <?=G‘5&22 :1:0'96G8 occur in nature. According to tire analyses 
of JL Stromeyer, T* Sander, W* J. Taylor, and 1. Doraeyko, their composition 
corresponds with cupric silver sulphide* (Cu, Ag^S, up to half of the copper in 
chalco&ine being replaced by silver* Their sp. gr. is 6T1-G l 3; and hardness 2^3* 
Another variety of this salt occurs in cubical crystals of jaipawte, (Cu, Agg)S, with a 
sp, gr* 6'88“6'89 p and hardness less than 3, They were analyzed by A. Breithaupt, 
and E. Bertrand* K. Friedrich's thermal analyses of mixtures of cuprous and 
silver sulphides do not show the existence of any compounds* The fusion curve is 
of the U-form, falling from the ni.p. of cuprous sulphide at 1121°, bo a minimum at 
677 fl , rising again *9 S3tt° r the m,p. of silver eulphide. 
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Silver disulphide, — 1 The rise in the f.p. oi mixtures of silver sulphide 

with iacrcfisiug proportions of sulphur points to the existence of higher sulphides. 
A, Hantzsch 18 prepared silver disulphide by adding a sola, of sulphur in carbon 
disulphide to a aoln. of silver nitrate in benzonitrile ; the precipitate* after remaining 
for 24 h re* in a closed flask* is washed with bemsonitrilo and carbon disulphide, and 
then with alcohol and ether, and quickly dried on a porous plate. It is a town 
amorphous powder which oxidiaes very rapidly when damp, yields a eoln. of silver 
sulphate when ehaken with water, and does not lose sulphur when extracted with 
carbon disulphide; it melts to a red liquid when heated, apd then gives off sulphur 
and sulphurous anhydride, leaving a residue of metallic silver. When treated with 
dil. hydrochloric add, it yields sulphur, hydrogen sulphide, and silver chloride, 
whilst nitric acid dissolve* it with liberation of sulphur. Silver disulphide can only 
bo prepared from a soln. of bonzonitrile j when other solvents are used, silver 
sulphide is obtained, 
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§ 19* Silver Sulphate 

The action ol sulphuric add on diver resulting in the formation of silver sulphate 
has already been discussed- P- Brahmin preferred dissolving silver foil in sulphuric 
acid containing a few drops of cone, nitric acid- J. S. Stas 1 prepared normal silver 
sulphate by treating finely divided reduced silver with cone- sulphuric acid, and sub¬ 
sequently expelling the sulphur dioxide by boiling. The salt was washed with water, 
and heated on a platinum dish to the b.p. of sulphuric add. It can also he made 
by evaporating to dryness a soln. of silver nitrate with sulphuric acid; by dissolving 
silver carbonate in oil. sulphuric acid; or by adding sodium sulphate or sulphuric 
acid to an aq. soln. of silver nitrate, when silver sulphate is precipitated as a white 
crystalline powder. A, E. Hill and J. F- Simmons prepared the salt in this way, 
and dried the washed crystals at 100°; and the preparation of the salt of a high 
degree of purity is discussed by T. W- Richards and G. Jones. K. Mitscherlich 
found the finest crystals are obtained from a soln. of the salt in nitric acid, and 
C. Schultz obtained a mass of plates by cooling the soln, of the salt in sulphuric 
acid of sp. gr. less than 1'5, 

According to E- Mitscherlich, and C. F. Rammelaberg, the prismatic crystals 
belong to the rhombic system and have axial ratios a : b : o—0*5712:1:1238Q; 
and, according to J. AY, Rctgcrs, the rhombic pyramids are isomorphous with sodium 
sulfhate and with sodium and silver selenatos. The reported numbers for the 
specific gravity of the salt are: L- Playfair and J- P- Joule, 5' 322 at 3'9°; 
C. J. B- Karston, 5 341; E, Pilhol* G + 41Q; 0. Pettereson, 5‘49 and 6 - 54 at 11°; 
H. G. F. Bohrodsr, 5'425 ; and T, AY, Richards and G- Jones, 5'4G at 29'2°. The 
last two determinations were made on the salt which had been fused. According 
to "Wh D* Harkins, thesp, gr, of a sat. soln. of the Baltat25 a isl'GG52 ; W. D, Harkins 
lias measured the sp- gr. of mixed soln- of silver sulphate with nitric acid, the 
nitrates of potassium, magnesium, and silver, and the sulphates of potassium and 
magnesium- 3* L. Vanzetti found that if a layer of water be poured over a cone, 
aq- soln-, sulphuric acid did uses partially into the water. 

According to J. S. Stas, silver sulphate decrepitates at about 300°, and when it 
melts at a dull red heat, there is' scarcely any loss in weight, and it forms a pale 
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yellow liquid, which solidifies to a white cryetetfine mass. If the molten sulphate 
contains a trace of the sulphide* it melta to a dark orange-coloured liquid, and 
solidifies to a brownish-black crystalline mass- According to T. W. Richards and 
G. Jones, the fused salt acquires a darker colour as soon as it has slightly decom¬ 
posed—even when the loss is but Q0015 per cent. According to T. Carnelley* its 
melting point is W. Ramsay and N. Eumorfopoulos gave 6T6 t '; 

A. Potilitxin, 654*; H. 0, Hofman and W. Wanjukow, 656°; ft. Nacken, 651*; 
and K. Friedrich, 66Q C , J. L. Gay Luesac* and R. H. Bradford found that at a higher 
temp* the salt decomposes giving off sulphur dioxide and oxygen* and leaving 
behind the metal; H* 0. Hofman and W. Wanjukow say that the dissociation 
begins at 752°, and is rapid at 917** while K, Friedrich said that it decomposes 
into silver at 1085°* According to K! Friedrich* there is a transformation point at 
410°; H, 0. Hofman and W. Wanjukow give 417°; and ft, Nacken gives 412*. 
According to the latter* n-silver sulphate is stable between 651° and 412°* and 
^-silver sulphate is the form stable below 412*. The heat of formation, according 
to X Thomsen, is (2Ag* S, 40)—IG728 Cab.; (2Ag, 20, S0 2 }=92-2 Cab.; (Ag 2 0* SQa) 
--5S14 Cab,; and for (Ag^O* £03^,)=14 49 Cals* J, Thomsen's value for the 
heat Of solution is -4A8 Cals,, and M. BertkeIot’ fl , -4 40 Cals. The latter aiw 
gives for the heat of neutralization : Ag^G-f H 2 S0 4B ^Ag a SQ 4aqr -bII 3 Q-l-14-4 Cals, 

Silver sulphate is not changed by exposure to sunlight. W. NL Hartley a found 
the absorption spectrum of a layer of a 300 mm, thick* is continuous 

up to A^ 1 —4008* and the transmitted rays extend beyond those of silver nitrate 
of tbo same cone., so that the specific absorption exerted by the silver does not 
limit tho extent of the rays of the spectrum absorbed or transmitted by the nitrate 
soln. 

The electrical conductivity A of aq* soln, of silver sulphate has been measured 
by A, A, Noyes and K. G. Falk* 3 S, J. Bates* G. Jagar, E. Bouty, W. D. Harkins and 

F. L* Hunt, etc. In the following data* by F. L. Hunt* the cone, C am expressed 
in inillimols per litre ; 

o i a 4 6 jo ao 40 

A st IS* . lJ2 i> Uti'3 113'li 10985 1034 105P0 Ofl'l 38U 

A at 25* , 143-4 135-7 1320 128 0 1209 118‘9 U1'7 I02-12 

The corresponding percentage ionization, a calculated from A/A s arc : 

nstl8° * * JQO 950 027 60-5 885 S4tf 784 718 

aafcSG* . * 100 947 02'5 S0-3 S&4 839 779 719 

W. D. Harkins has also measured the conductivity of soln, of silver sulphate with 
potassium nitrate, magnesium nitrate, silver nitrate* potassium sulphate, or mag¬ 
nesium sulphate. J. Kendall and co-workers measured the conductivity of silver 
sulphate in anhydrous sulphuric acid. W. Hitfcorfs value for the transport 
number of the anions in O'OSJ^-soln. at 17° is 0 554. A. Chaasy has also measured 
values for this constant* F. Streinta measured the electromotive force of cells 
with aq. soln, of silver and cupric sulphates; and J. [Mbsler of cone, cells. For 
the formation of diver peroiyBulphate during the electrolysis of a soln, of silver 
sulphate* vide psroxynitratc. 

Tho solnbitity of silver sulphate in water is small; according to K. Druckcr,* 
100 parta of water at 25° dissolve 0'80 part of tho salt; and, according to 
J. J. Berzelius, 100 parts of water at 100* dissolve 1T4 parts of the salt* which is 
deposited from the cooling soln* in small acicular crystals. The solubility of silver 
sulphate in water has been measured by CL F. Wenzel* P* Kremcrs* V t Rothmund, 

G. F* Rodwell* J. M. Eder* etc. At 17 s , H* Euler found 0770 grin, of silver sulphate 
was dissolved per 100 c.o*; at 18°* CL R, A, Wright and CL Thompson, 0 728 grm.; 
at 25*, K. Drucker found 0'801 grm, per 100 o,&, or 00257 mol per litre; 
0, M. Swan* O'OflfiW mol per litre; and at 100°, C. F. Wenzel found 1-450 grms. 
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pet 100 c.c, The composite results for the number of grams of suit in 100 gnus, 
of eoln. arc: 

tl n HF 201 " 3U D 40 s (HP SO" 100 n 
Ag t m t . , 057 tim 0-7ft 088 0 07 114 1*28 13 

A sat- soln, at 25° was found by W, D. Harkins to contain Q l 0267t> tnol per 
litre ; this is about 4 per cent greater than K. Drucker^s 0 l 02G7 mol per litre. 
Expressing cone, in grams per litre, K. Drucker found at 25° with soln. of sulphuric 
ueid: * 

HjSO* . . * ,0-08 13 4-00 0-81 

Ag a SO*. - 811 823 845 858 

The solubility still further increases by increasing the cone. of the acid. E, Bergius 
made some inaccurate observations on the solubility of silver sulphate in anhydrous 
acid, Sulphuric acid of sp. gr. 1 25 is a convenient solvent for silver sulphate. By- 
cooling a soln. of the normal sulphate in dil, sulphuric acid, yellowish rhombic 
octahedra of a double salt, Ag 2 S 0 4 .H 2 S 04 , are obtained. According to C, Schultz, 
and J. W. Retgers, ailTO Mrosulphatft, AgHS0 4 , or AgjS0 4 ,HjS0 4 , crystallizes 
in pale yellowish prisms from a soln. of the normal sulphate in three times its weight 
of sulphuric acid, J. Kendall and A. W. Davidson say the colour is white, and 
that there are two forms ; the a-salt occurs in thick prisms stable below 66 °, and 
the /3-salt occurs in fine needles stable above (> 6 °, The in.p, by extrapolation is 
125°, but the salt probably forms normal sulphate at 122 5°, 6. Schultz showed 
that if a soiu. of this salt be treated with 8-10 parts of sulphuric acid of sp, gr, 
16 to 1'7, prismatic crystals of Ag 2 SO 4 . 3 H 2 SO 4 . 2 HjO, or AgHS0 4 .HgS0 4 .H £ 0, 
are formed, and the same salt is obtained, by dissolving the normal sulphate in 
from 6-10 parts of sulphuric acid, and allowing the aoln. to become diluted by leaving 
it exposed to moist air. This suit begins to melt at 100°, it is quite liquid at 150°, 
and it solidifies on cooling into a foliated crystalline mass which gradually changes 
into small flat crystals. If the normal sulphate be dissolved in from 4-9 parts of 
sulphuric acid, sp. gr. 175, witli the aid of heat, foliated plates are formed; 
they have the composition 2 AgjSO 4 . 3 H 2 SO 4 . 2 H 2 O, or 4 AgHSO 4 .HjSO 4 . 2 H 2 O. 
J. Kendall and A, W, Davidson found that with anhydrous sulphuric acid the solid 
phase ia HjS 0 4 between 10 4° and 2 4° with soln. containing up to 3'67 per cent, of 
silver sulphate; Ag^SG^SHaSC^ between —15° and 376 u with between 569 
and 12 38 per cent, of silver sulphate in soln.; AgjSO^HjSO* between 40 2° and 
132-8° and 11'66 to 47 17 per cent, of silver sulphate in soln,; and Ag fi 80 4 between 
138’9° and 107 3“ with between 4717 and 48'69 per cent, of silver sulphate in soln. 
The transition between H 4 Ag £ (S 0 4 ) 3T or Ag 280 4 h 2 H 3 S 0 4 and a-Ag s S0 4 ,H £ S0 4 is 
36°, and for j 0 -Ag 2 SO 4 .HjBO 4 , 39°. 

K. Drucker also found that the solubility of silver sulphate is gradually lowered 
by the addition of increasing proportions of polossium sulphate, Expressing solu¬ 
bilities in grams per litre, at 25°: 

KjSOt , * . .1’74 3-40 8-72 17-44 

Ag.SC! . - . 7 07 7-3U 7-30 7 24 

M. Barre also found the solubility of silver sulphate to increase regularly with the 
cone, of the aoln, of potassium sulpliate. W. D, Harkins, but not J. M. Elder, 
obtained a similar result with potassium sulphate. Thu presence of potassium 
kydrosulphcUe decreases the solubility of silver sulphate Jess than the addition of 
potassium sulphate. W, D. Harkins explains the effect of potassium sulphate in 
slightly decreasing the solubility, and of sulphuric acid in increasing the solubility 
of Silver sulphate by assuming that the proportion of the intermediate ion HS0 4 ' 
present in the acid soln. is much larger than the proportion of the KS0 4 '-ion present 
in the potassium sulphate eoln. A, G. Betts has measured the solubility of silver 
sulphate in sulphuric acid of different cone, between 2° and 90°. J. M. Eder 
found the solubility of diver sulphate is augmented with increasing proportions of 
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sodium sulphate, and of nmmaninm sulphate, M* Barrc obtained similar results. 
W. D, Harkins measured tbo effects of potassium nitrate} and magnesium nitrate on 
the solubility of silver sulphate, and he also found that tho solubility is depressed 
with increasing proportions of silver nitride or magnesium sulphate; the effect is less 
with the latter than with potassium sulphate. H. Euler found a litre of aq. soin. 
at 17 s in contact with both silver sulphate and silver acetate contains 3'&5 gnus, of 
silver sulphate and S’30 grms. of silver acetate—the ap. gr. of the soln. is 10094. 
L. Schnaubert, J. W. Retgers, and W. D, Harkins found that the solubility is 
increased by increasing proportions o| nitric arid in the sola. 

E. €. Franklin and his cn-workera found ail vet sulphate to bo inHolnbJo in liquid amtnoMa, 
and in liquid mrthylamine. According to V, liothmumJ, a litre uf water at 2^ thflHolwa 
0*03(17 grm. of silver eulphate, and a Iilro of a JAT-eoln. ol methyl alcohol dissolves 09249 
grm.; eikyl alcohol* 09228 grin. ; propyl alcohol, 09218 gnu. ; tertiary amyl alcohol, 09204 
grm. - f rtafonr, 09220 grm. ; vthe t, 0920(1 grm.; formaldehyde, 09227 grm.; glycol, 
09259 grin. ; glycerol, 092(13 grm.; inatmite, 09207 grm. ; grape sugar, (19283 grm. ; 
cam sugar, 09270 grin.; urea, 09303 grm.; ditttcthylpyronc, U9210 grm.; urethane, 
09227 grm.; forwmnidp, 09270 grm. ; aevtami<h* 09253 firm.; aeetomtrilc t 09525 firm, ; 
glycocol* 09433 grra, ; aertic arid, 09252 grm. ; phenol^ 09370 grm. ; rhfaral, 09233 grm. ; 
Tflcthylal, 09205 grm.; and methyl arclate, 09212 grm. F. Beiold found it. In he insoluble 
in molhyl acetate, 

J. H. Stas* reduced silvrr sulphate by heating it to a low tump, in a stream of 
hydrogen when the products are silver and sulphuric acid ; at a higher temp,, the 
first products are silver sulphide and water, and then silver and hydrogen sulphide. 
T, W. Richard and G. Jones obtained indications that J. S. Stas did not whollv 
reduce silver sulphate by hydrogen. According to A. Colson, gaseous hydrogen 
attacks silver sulphate at about 125° ; the reaction is not reversible, because Iho 
reaction of sulphuric acid on the hydrogen sulphide changes the character of the 
products. N. N. Bekctoff produced silver from a ante. of the sulphate by heating 
it under press, with hydrogen, 

A. Mailfert found that with ozone, a black deposit of silver peroxide is produced, 
which is decomposed and redissolvod on agitating therein, According to J, Keutwig, 
Chlorine does not actr directly on silver sulphate, and only at a very high temp, 
above the m.p, ia the salt attacked with the formation of silver chloride, sulphur 
dioxide, and oxygen. The heat of the reaction : Ag a fl0 4 -f n 2 =2AgCi^S0 2 -f0o 
—3744 Cals. According to C, Honsgon, and A, Co Ison, a mol of silver sulphate 
abaorlis 2 mols of hydrogen chloride at ordinary temp, with the evolution of heat, 
and the salt changes complement into chloride ; at &KT the inverse reaction ob¬ 
served with cupric sulpliato does not occur, but the sulphuric acid is completely 
expelled by a current of air. The thermal data indicate that, with the salts 
investigated, silver sulphate changes into the chloride with the greatest evolution 
of heat: Ag 2 S0 4 4-3HCJ 8nH =2Ag0Lj-H ll S0 4 ri, 1 „i,i-|^(>'4 Cals., or 170 kilojoules as 
calculated by T. W, Richards and G. Jones from J, Thomsen’s observations ; 
they found that the reaction is complete, and it was used in tho determination of 
the at, wt, of sulphur. A, B. Prescott found that if a gram of silver sulphate be 
evaporated to dryness with 4 035 grins, of aq. hydrochloric acid containing T2G1 
grms. of HCl, all is changed into chloride. According to 0. W. B. Normand and 
A. C, Cumming, bromine at 0° forms hypobromous arid: Ag^O* f-SBr^d^HaO 
= 2 AgBr+H s S 04 + 2 HBr 0 ; and at a higher temp., GAg i! S 04 -b 6 Br 2 + 6 H 2 0 
^lOAgBr-fSH^SGk+iJHBrOs. c. Geitner found that silver sulphate is converted 
to the sulphide when a soln. is boiled with sulphur, R. Weber, and H, Schulze 
converted silver sulphate into the pyroBulphato by the action of sulphur trioiide. 
0. Saekur found silver sulphide reacts with the sulphate at 300°, giving off sulphur 
dioxide and separating silver. The equilibrium press, is over 10 atm. at 327°, 
J. Camus has studied the action of native sulphides and ftrsentfes on silver salts. 

T. Foloek and K. Thttmmel prepared an amorphous red powder with a composition com* 
spending with $Uv« lUlphatO-Mlphlde, Ag,S0 4 , Ag;,B, by the action of sulphur on a warm cone. 
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soto. of silver nitrate: 4AgNO,+2S=4tfG, + Ag|S; or by treating silver sulphide 

with nitric acid of sp. gr 1 IS- The product is soluble in nitric acid, ana is decomposed 
by water into its component salts. Cold hydrochloric acid converts it into silver chloride 
and sulphide. The product is stable up to 180 fl , but it decomposes on calcination, furnishing 
silver and sulphur dioxide. 

E, Divers found sulphury! bromide converted silver sulphate info silver bromide 
and sulphur trioxidc; J, Girard found that with sodium thiosulphate silver sulphide 
is formed; J, Seymour, that a neutral soln. of silver sulphate is reduced to the 
metal by ferrous sulphate. According to L, Piesarjewsky, the heat effect obtained 
by mixing eoln, of silver and ferrous sulphates in various solvents, varies with the 
conditions under which the reaction occurs; similar variations occur in the constant 
of the reaction: Ag 2 8O 4 q~2FeS0 4 ^2Ag+FMS0 4 )3. Hence, it is inferred that a 
mixture of probably two different modifications of ordinary grey silvor—oWofroptc 
silver —is precipitated. 

AY. R. Hodgkinaon and 0. C, Trench found silver sulphate is reduced when 
heated in a stream of ammonia, H, Rose found that dry silver sulphate slowly 
absorbs up to I1'82 per cent, of ammonia gas with scarcely any perceptible rise of 
temp. The theoretical absorption for silver dianumno-SUlphftte* Ag 2 (NH a ) 2 SO|, 
is 10 9 per cent. When heated, the product gives off ammonia and ammonium 
sulphate, and it is completely soluble in water. According to C, G, and E + Mitschcr- 
lich, clear crystals of SUVOT tetraimmno-sulphate, AfojNH^SO*, are deposited when 
a sat. soln, of silver sulphate is poured into a warm soln. of ammonia and cooled. 
<J, F, Rammelsberg, and E. Mitscberlich found the tetragonal crystals hove the 
axial ratio a : c=l : 0 5328. They are stable in air in darkness, and blacken in 
light. They arc soluble in water, or aq, ammonia, and can be recrystallized un¬ 
changed. A soln. of potassium hydroxide precipitates Berthollets fulminating 
silver. A, Reychlnr studied tho lowering of the ip. and the electrical conductivity 
of aq, soln. of this salt. N. W. Fischer precipitated silver from the soln. by means 
of indium, cadmium, lead* copper, antimony, and arsenic ; but not by tin, bismuth, 
iron, or mercury. 

J, L. Gay Luseac completely reduced silver sulphate mixed with charcoal by 
heating it to dull redness—equal vols. of carbon and sulphur dioxides are evolved. 
0. Boudouard gives tho equation : Ag 2 S0 4 -l-C"COo-| L SO 2 +2Ag. K. Stammer also 
reduced the salt to the metal by heating it with Cftrbon monoxide. According to 
N. W. Fischer, copper precipitates the whole of the silver, as a bulky, spongy, crystal-, 
line mass, when immersed in a sulphuric acid soln. of the sulphate; iron* zinc, 
tin, and lead (hut not antimony} also precipitate the silver. (7. Goldschmidt 
added COtttlt to N. W. Fischer’s list—vide supra, the metallic reduction of silver. 
H. Rose found cuprous <mde precipitates silver from a soln. of the sulphate; the 
precipitate is mixed with some basic cupric sulphate, and cupric sulphate remains 
in noln. 0. Sandonnini and P. (X Aureggi found molten stannous chloride reduces 
silver sulphate fo silver sulphide, and the metal —vide the metallic precipitation of 
silver. 

R, Nackon* has studied tho binary systems of the dimorphous lithium, sodium, 
and potassium sulphates with dimorphous silver sulphates. The transition and 
fusion temp, are indicated in the diagrams, Figs. 30 to 32, The lower sets of curves 
show the transition points, the upper sets represent the liquidus and solidus curves. 
The existence of the compounds 2ti £ S0 4 .3Ag 2 S0 4 and of K 2 S0 4 .3Ag £ S0 4 hap been 
established, and there is no sign of a complex sodium salt* Fig. 21; according 
to J. W. Retgers, sodium and silver sulphates probably form mixed crystals in all 
proportions. They have been studied by M. Barre, The first-named salt, lithium 
silver sulph&te* 2Li 2 S0 4 .3Ag 2 S0 4 * is capable of existence only between 572° and 
420°* so that the compound breaks up as the temp, falls below 430°; and the 
transition point curve shows a discontinuity at a cone, corresponding with the 
composition of the double salt. The region of stability of potassium silver sulphate, 
E^SO^AgaSO^ is shown in the diagram, H. Rose reported in 1825 that when 
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totasBium and silver sulphates aw fused together they freeze to a crystalline mass, 
>ufc no definite compound was isolated- 
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§ BO. Silver Carbonate 

According to N. W. Fischer, and. H. Roac, 1 silver enrbonato is formed when moist 
pilvor oxide m exposed to the atm, ■ and, according to L. Joolin, when silver oxide 
le euapended in an aq, aolm of sodium hydrotnrbonatfv J, Sid lrsrb^rg could not 
make niter Aydro&trbonafc, AgHCGj, by treating silver nitrate with potaanium 
hydrocarbonate under various conditions, and the salt in question has not been 
isolated. G. Wetiilar precipitated normal silver carbonate as a white powder by 
adding an aq. sain, of an alkali carbonate or hydrocarbonate to a soln, of silver 
nitrate ; v and E. Bohlig recommended mixing soln. of eq. amounts of silver nitrate 
and potassium carbonate. H, Rose observed : 

It is remarkable that silver oxide exhibits roneiderable afliuily for carbon dioxide, and 
none at all for water. When a roIil of an eq, of a normal salt ol silver ie drcomponud by 
a normal alkali carbonate, normal silver carbonate is obtained, mlhoift water, whether the 
aoln, be cone, or dih, cold or hot. ' 

J. F, Spencer and M. le Pla recommended wlowly pouring a very dih soln, of sodimu 
hydrocarbonate* or the normal carbonate, with constant stirring, into a cone, 
eoln. of silver nitrate. The precipitate is washed many times with water. Accord¬ 
ing to V. Kohfeehiittcr and E, Eydmann, a little decomposition occurs when the 
carbonate is allowed to stand under cold water for any time, and also when dried 
at 110 a . The composition of silver carbonate is affected by cone, of the soln,, the 
temp,, and the relative proportions of the salts used in its preparation. This sub¬ 
ject has been studied by L, Joulin, If equbmolecular parts of silver nitrate and 
alkali carbonate are employed at a dilution not exceeding 0'(X)£D molar part per 
litre, the precipitate is wholly normal silver carbonate ; if the soln. be more dil,, 
silver oxide will also be formed, and this the more the more dil, the soln. j with 
a dilution of 0 0003 molaT part per litre, the oxide ia wholly precipitated. If an 
9 XC4S4 of alkali carbonate be used the precipitate is a mixture of silver carbonate 
md oxide, with the oxide in greater proportion the greater the excess of alkali 
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carbonate. If the silver nitrate be in excess the precipitate will be white, free 
from oxide, and coloured superficially violet, and it will be coloured yellow by 
washing These rotations were obtained at ordinary tump. At 0°, thn precipitate 
will bo free from oxide even with a large excess of sodium carbonate, and at 1(X) f 
the precipitate will contain oxide, oven with equi-molecular proportions of silver 
nitrate and alkali carbonate, and at Joast five eq, of silver nitrate are required for 
one of sodium carbonate if the precipitate is to be free front oxide. G + S. Johnson 
obtained crystals of the salt by passing carbon dioxide into water with stiver 
carbonate in suspension, and allowing the boIii, to stand, II, Vogel also exposed 
to air a mixture of an ammoniacal soln. of silver nitrate and sodium hydroxide; 
after soma weeks, silver oxide is precipitated, and thereafter lemon-yellow needle- 
shaped crystals of silver carbonate are deposited. A, Lut.t.yrmoser prepared 
colloidal silver carbonate bv mixing ^AVAgNO-j and so t-h^t the 

latter is in excess. fJ. Taal and F, Voss treated a soln. of sodium cEirhonutf* with 
silver pretalbinato or lysalbinate. 

Precipitated silver carbonate is a white powder, which becomes yellow by the 
aggregation of ifr* particles, an effect which is immediately produced by heat. The 
lemon-yollow nebular crystals prepared by II, Vogel wera doubly refracting, ami 
were thought to bo hexagonal, <J, J, B. Karstan gave fi076G for the specific gravity* 
and T. Kramers, 6 0 at l7 G ft . A. Colson gives for the beat of formation from its 
elements (2Ag, C, 30)=120'8 Cals. M, Bcrthclot gives 120 4 Cals, and J, Thomsen 
gives 122'93 flak ; for (3Ag, CL, CO) --03'92 Cak ; for (2Ag, 0, C0 a )=2fi l lJfi Cak ; 
and for (Ag a O, CO^)—2U'0b Cak; M, lkrthelot gives Jtf'G Cals.; and for 
(AgjjO, CO^J, 13 J 80 Cals. J. Thomsen bus also studied the heat of the reaction 
between silver nitrate and sodium carbonate. 

According to N. VV. Fischer, silver carbonate blackens when exposed to light 
or when heated. H. Rose found that it loses carbon dioxide at2lKl°, and A, Colson 
found that silver carbonate is loss stable than lead rarbemate, and it is completely 
decomposed at 220°, L Joulirt said 225°, and added that only a little or no carlxm 
dioxide is taken up on cooling. V. Kohlschiitter and F. Eydiuann say that silver 
carbonate begins to give of! gas between UjO* and 160* and the rato of decomposition 
is faster at the higher temp .; at 216° the speed of decomposition is quite rapid, 
and silver oxide is formed. If the decomposition occurs in vacuo, some silver is 
formed. A. Colson found the dissociation pressure to be 6 mm. at 132° ; 9!) mm. 
at 167° ; 173 min, at tfi7 u ; 173 mm. at IS2° (173 mm. with the dry gas); 547 nuu. 
at 210°; and 752 mm, at he also showed t hat in moist air, oven at a com¬ 

paratively low temp., there is a reversibly reaction, Ag^flO^ AgjjO-|-C0 3 —a similar 
result is obtained when moisture is excluded, but in that case, although there is a 
definite dissociation press, for a given temp., the reaction is not reversible because 
carbon dioxide is not taken up by the silver oxide ; but ho found that at a high 
press, the reaction in reversible. Neither moist freshly precipitated silver carbonate 
nor the dry suit is decomposed by cold water, but boiliug water transforms it into 
stiver oxide, L. Joulin obtained a port wine-red fluid by pouring two litres of boiling 
water on a gram of silver carbonate. H. Rose obtained basic silver carbonate, or 
‘diver oxycarbonato : 3Ag 2 0,2C0j;, or 2Ag a C0 3 .Ag s 0 1 by boiling a soln. of silver 
nitrate with an excess of sodium carbonate; and E, Bohlig, by pouring silver 
nitrate into an excess of a solm of potassium curhonate. The block precipitate 
dries at 100° to a dark brown mass, which, according to E. Bohlig, contains granular 
particles mixed with fine mwdledike crystals, and is probably a mixture of the 
oxide and carbonate. P. Kramers said that the soltlbilifr is such that 100 parts of 
water diasolve 0‘OG32ft part silver carbonate at 15°, A. Abegg and J. Cox found the 
solubility of silver carbonate in water at 25° to he about 1 1 2 x I0" 4 gram-atoms per 
litre, and J, F, Spencer and M, le Pla found llGxIO- 4 niols per litre. The last- 
named also found that in aq. soln, the salt is almost completely—96'fi per rent.— 
hydrolysed, consequently the soln, reacts alkaline to litmus and methyl orange. 
According to J. L. Lawaaigne, 100 parts of water sat. witli caibon dioxide diasolve 
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(H04 part of silver carbonate; and, according to J* J. Berzelius, it ia soluble in 
aq. ammonia, ammonium carbonate, sodium thiosulphate^ and potassium cyanide. 
W. 0* de Coninek reported that silver carbonate is somewhat soluble in an aq, 
soln, of sodium nitrate ; E. C. Franklin and C* A. Kraus, that it is insoluble in liquid 
ammonia; insoluble m m ethyl acetate; and M. Hamers, insoluble in ethyl acetate. 
According to A, von Baeyer and V, Villager, hydrogen peroxide is decomposed by 
silver carbonate without the decomposition of the latter, while E. Mulder maintained 
some carbon dioxide is given off with the oxygen. * 

S. Kem added absolute alcohol to a soln. of silver carbonate in aq. ammonia, 
and obtained a grey powder which darkened when dried* It dissolved in aq. 
ammonia and, on evaporation, the soln. furnished irregular needle-like crystals, 
possibly silver tetramminchcarbonat^ Ag 2 C{^.4NH 3 , which began to lose ammonia 
at and lost all this gas at 100 °. M. Dervin and M, Olmar obtained crystals 
of hydrated tetrammino-carbonate, AgjjCO 3 . 4 NH 3 .H 3 O, by repeatedly evaporating 
in air, ammoniaca! soln* of silver oxide. On exposure to air the crystals lo^e 
ammonia and water; they arc blackened by sunlight. 

C. Wittatein found silver carbonate is slightly soluble in a cold aq. soln, of 
jwtassium carbonate, and when the soln. is warmed, a precipitate is obtained which 
is blackened by the organic matter of filter paper. A* de Schulten observed that 
when a soln. of silver nitrate is added to an excess of potassium carbonate containing 
some hydrocarlionafce, a white precipitate ia formed which changes to microscopic 
crystals with a composition corresponding with potassium silver carbonate, 
AgKCOj. He recommended the following process : 

Dissolve ICO gnus, of potassium carbonate in 150 c.c. of water, cool the soln., and 
agitato it with 15 grms. of potassium hydrocarboa&ta. When the liquid is sat, with the 
latter salt, filter, and mix tho filtrate with a gram of silver nitrate dissolved in 25 c.c. of 
water* To obtain largo crystals, tho liquid containing the precipitate is heated with cun- 
tinufld agitation, Tho precipitate dissolves, and, on cooling, deposits long transparent 
prisms with a brilliant lustre. 

The crystals have a sp* gr. 3 - 7f59 ; they do not blacken when exposed to light except 
in the presence of organic matter, and when treated with water, the silver carbonate 
which remains retains the form of the original crystals, When heated, tho com¬ 
pound loses carbonic anhydride, and at a higher temp, tho silver oxide which is 
formed gives off oxygen. The crystals are microscopic, rectangular lamella: with a 
terminal angle closely approaching 90°. The double refraction is almost identical 
with that of apatite; the extinction of parallel polarized light is straight; twinning 
plane parallel with the plane of the optical axes; sign of elongation positive; 
the maximum birefringence approximately 00216* The compound is decom¬ 
posed by water, with removal of the potassium carbonate and formation of 
yellow silver carbonate* A* de Schulten also obtained a crystalline double salt, 
possibly sodium silver carbonate* by substituting sodium for the potassium salt. 
The product, however, was not examined further. 
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J* Thomsen, ik* (2), 21, 38> 1880; rAeftnocltetauefie [frriermftwifffl, Leipzig, (3), 30®, 1883 ; 
Her ., 12. 2031, 1879; H* Abegg and A J. Coi, Zeit, pfiy*. Chem t 40. 1, 1604; J* L. Laauigiu:, 
Journ. Chim, J Ud., 4, 312, 1843; J. Settorberg, Oefver. Vet, Akad. F&rh., 3. 25, 1843; V* Kohl: 
achOUer and E* EydmMUi, lA&ig't Aw,, 898. 6, 1913; J, F. Spencer and Jf, !e Fla, Zat. as«p* 
Chem t 00. II, 1909; F. Bezold, Da* Verhalien chmiseter Vetbindvng&t in Metbyhcdat, GiaRien, 
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Rend , 17 ^ 106®, 1021; M. Bertliolot,- Tkermafhimi^ Paris, 2, 372* 1807; E. 0. Franklin and 
V, A- Kraus, Amcr. Chon, Jottm., 20. 82S, 1808; 23l 200, 1000; Joum, Amer. Chem. Soc., 27. 
107, 1005; W. 0 + de Coninek, Bull Acad. Bdg. t 338, 1909 + 


§ 21. Silver Nitrate 

The twelfth or tbirtoenth-ceutury writer* Geber, in hie De mventione venlatw, 
described the preparation of silver nitrate by dissolving the metal in nitric acid, 
and evaporating the soln, for crystallization. Albcrtus Magnus* about the same 
period* in his Composiium de convpositis, said the soln, blackened the skin, and that 
the stain was difficult to remove. In the soventeenth century* A. Sala, in his 
Septm planetamm terrestnum spagyrim recensio, called the salt erystdU Dianes ; 
N. Lemery (1676) 1 called it vilriol de iMna; and H. Bpcrhaavo (1732)* vitrwfam 
argenti. This shows that the term intrinl was of more general application than it 
is to-day ; ita use is now confined to a specific group oE sulphates. Silver nitrate 
lias been called siker-iaUpdre ; and, after fusion* the medieval alchemists also 
called it lapis infcrnalis, or lunar caustic. 

As shown by Geber, silver nitrate is prejmred by crystallization from a soln, of 
the metal m dil nitric acid. H. Greuner 8 studied the preparation of silver nitrate 
from silver sulphide by digestion of that compound with dil. nitric acid. P. Laporto 
and P. de la Goice found that if the soln. of silver nitrate during evaporation bo not 
protected, it may absorb impurities from the air. Similar remarks apply during 
the washing and drying of the crystals. If the metal contains copper, the two metals 
are separated by precipitating the silver as sparingly soluble chloride* reducing the 
chloride as previously indicated, and then dissolving the product in nitric add. 
N. J, B. G. Guibourt* R. Palm* C. J. H. Warden, etc.* separated the two elements 
hy fractional crystallization from a soln. strongly acidified with nitric acid, in which 
isilvor nitrate is far less soluble than the cupric salt, F, Nolle extracted the salt with 
boiling alcohol* most of the silver nitrate remained undissolved* and most of that 
which dissolved separated out on cooling* while the cupric nitrate remained in soln. 

F. Brandenburg, J, B, Trautwein* and F, W* C!. Martius heated the molten mixture 
so that the cuprio nitrate decomposed while the silver nitrate remained unchanged; 
the latter was then leached from the cupric oxide. ML Grsger treated a jjart of the 
mixed soln* with potassium hydroxide, and digested the washed, precipitate with 
the remaining soln. Provided no excess of acid ia present* ho found that cupric 
oxide was precipitated and silver oxide passed into aoln. Organic impurities air 
removed by recryataJlization. In the last-named operation advantage is taken o' 
the low solubility of the salt in soln. strongly acidified with nitric acid. 
T. W, Richards and G. S. Forbes, W. L. Hardin, G. P* Baxter and G. Jones, and 

G. D. Buckner and G. A. Hulett have prepared salver nitrate of the highest degree 
of purity for at. wt. determinations, G. P. Baxter and G. Jones proceeded aa 
follows: 

Crude silver nitrate was reduced with ammonium formate^ made by passing ammonia 
gas wto redistilled formic acid. The redncod silver woe washed with the poreet water, 
until the wash-waters no longer gave a test for ammonia with Neraler's reagent, and was 
fused on sugar charcoal. The button* wore then scrubbed with sea-sand and thoroughly 
cleansed with ammonia and nitric acid- Thoy wore then dissolved in redistflled mine 
add* in a platinum dish. After the diver nitrate sola. had been evaporated cm a steam 
bath until sat,* an equal volume of redistilled nitrio acid was abided and the sola, was cooled. 
The precipitated silver nitrate was very completely drained m a centrifugal machine, pro¬ 
vided with platinum Gooch crucibles to retain the salt. A similar reorystsllizatianfollowed. 
The final product was preserved in Jena glass vessels under a bell-jar. 

G, D. Buckner and G, A. Hulett used quartz vessels; and they molted the 
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salt until the last trace of nitric acid was expelled. E. B Rosa, 0. W. Vinal, and 
A. S. McDaniel say the salt then contains but one or two parts of acid per 100,000 
parts of salt. 

The physical properties of silver nitrate.— Silver nitrate forms rhombic crystals 
which, according to H r X Brooke, 51 have the axial ratios a : b : cM) 9430 :1: P3697. 
A, Seacchi, F, M, Joger, C. F. Rammelsberg, etc,, have studied the crystallography 
of the salt. While M. L. Frankeuheim observed no change of form when the salt 
is heated up to its temp, of decomposition, O. Lehmanti found it to exist in two 
modifications ; the form stable below 159'4° is rhombic, and above that temp, the 
salt exists in rhomlwhedra belonging to the trigonal system, The rhombic form is the 
one obtained by crystallistation at ordinary temp,; the trigonal was obtained by 
the crystallization of the molten salt. According to B. Gossncr, the form stable at 
the higher temp, is inomorphous with trigonal sodium nitrate. It does not crystallize 
iflomorphoualy with the- nitrate of ammonium, potassium, rubidium, caesium, or 
thallium, but, according to J. W, Betters, it in isodimorphous with sodium nitrate 
since mixed soln, of the two suite furnish trigonal mixed crystals with up to 52'57 per 
cent, of silver nitrate, and rhombic crystals with up to 0'8 per cent, of sodium 
nitrate— infra. 

The reported values for the transition temperature are 159° by J. Quin chant, 4 
159'2° to 1G9 J 8° by W. Schwarz, J59'4° by P. W. Bridgman, and 159'8° by 

1), hT. Hiasink, P. W. Bridgman measured the 
effect of press, on the transition temp, and 
found the phase diagram, Fig, 23, to be quite 
different in character from those of the nitrates 
of ammonium, potassium, rubidium, caesium, 
or thallium. F. W. Bridgman was unable to 
trace the svidden increase of curvature with 
press, beyond G000 kgrms. |jt i r sq. cm. for press, 
up to 12,0flf) kgrms. per wp cm., at room temp, 
or at 200°. B. Jiineeke measured the transition 
points <m the heating and cooling curves from 
the changes in press., and found that in the 
former ease the transition occurred between 
159'2 n and 1598\ and in the latter case 
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Transition Point of Silver Nitrate. 


about 16° lower. 


The specific gravity of silver nitrate by C, J. B, Kurstcn 5 is 4 3554 ; L. Playfair 
and J. P, Joule gave 4'336 (3 h 9 G ); and IT, Schroder gave numbers ranging from 
4 238 to 4 328. L. Poincare gave 3'9 for the sp, gr. of the molten salt at 350° ; 
G, Schulze also gave the same numbers for the molten salt. If molten silver nitrate 
be allowed to cool in a test-tube, the sudden expansion of the solid, which occurs about 
160°j break* the tube. The expansion —about O G per cent.—is due to the trans¬ 
formation of the trigonal to the rhombic form. According to J. W. Betters, the 
sp. gr. of the stable form of silver nitrate is 4 35 at 19°/4° ; and for the labile trigonal 
form, 4T9, Ho also gave 39T for the molfiCular vtihima of the salt, Tho ratios 
of the specific solution vfliumo of a 25-millinormal soln. of silver nitrate at 156* and* 
2I8 D , were respectively 1096 and 1185; of a 50-milIinormal soln. at 306°, 1425; 
and of a 100-millinormal soln. at 156° and 218°, 1095 andl'182. The sp. gr. of soln. 
of silver nitrate has been determined by F. Koblranseh, H. Jahn, C. Chenoveau, 
A, J. Eabinowitech, and R. Wagner. The first named gives for the ap H gr, D of 
soln. containing upwards of 5 per cent, silver nitrate, and the second named for 
the soln, below 5 per cent, cone,, all at 18°: 


p „ , 0080 0-566 6 10 30 30 40 50 60 

D . . 0-0968 10074 10422 1 0893 11958 13213 14773 P6745 1U1&H 


F, F. Fitzgerald has measured the sp r gr, of soln. in liquid ammonia, in methylamine, 
in etbylamine, and in quinoline. 
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According to J. Wagner, 0 the specific viscosity of soln. of silver nitrate at 25° is * 

Watsr Ilf, JiV- tf-sriln. 

Viscosity . . 1 0000 1-0U4 i 0240 10401 Mlfitl 

A. J. Rabmowitsch meaaured the viscosities of those soln. According to 
A. Seachanoff, the cocff, of viscosity of sola. with 1'403, 2 788, 4852, and 
8 460 molfl per litre is OQ0990, 0'01134, 001451, and 0 l 0243& respectively. He 
also measured the viscosity in very cone, quinoline soln, F. F. Fitzgerald haa 
measured the viscosity of soln. of silver nitrate in liquid ammonia, and in methyl- 
amine, ethylamine, and quinoline. G. Zemplon measured the surface tension of 
soln. of silver nitrate. According to J, Thu vert, the coefficients of diflaeum at IT 
for soln. containing 0'02, 01, 0'D, and 3'9 mol per litre are respectively 1035, 0‘9fU>, 
0 88, and 0‘535, J. C. G. do Marignac and J. D, R. Scheffer also obtained values for 
this constant. 

E, Madelung and R, Fuchs 7 found the compressibility of silver nitrate to be 
3'67 X dynes per sq. cm, P. W. Bridgman measured the compressibility of the 
two modifications of silver nitrate. At low press, (high temp.) the form with the 
larger vol. in the more compressible, but, pacing along the transition curve to higher 
press, and lower temp., the difference becomes less and less, finally reversing its 
sign near the region of rapid curvature. Below 7Q C the modification stable at the 
higher temp, is the more compressible. The differences m the. thermal expansions 
Sa, the compressibilities Sj8, and the sp, hfcs, at constant press, BC P in kgrm.-cm. per 
grim, for press., p, expressed in kgrm. per sq. cm., am: 
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The change in sign of Sa occurs at a lower press, than S/3. The cause of the changes 
in sign is not known, ** it may be a compacting together under press, of the crystal 
framework of the low temp, form which mokes it less responsive to changes of temp, 
and press,” Silver nitrate readily fuses without loss of weight, and it solidifies, on 
cooling, to a white crystalline mass which is called lunar caustic. In his study, 
Wwr la decomposition du nitrate argentique sous Vinfluence dc la clialeur t J. J. Fcrsoz 
found that while in tranquil fusion, below 500°, bubbles of oxygen are evolved, and 
this is soon followed by red nitrous fumes. Tho product obtained by heating 
15 gnus, until 300 e.c. of oxygen had collected, was slightly yellow, and when 
extracted with boiling water gave a slight residue of silver. The crystallization 
of the soln. furnished long fine needles of silver nitrite, and the mother liquid 
contained uudecomposcd silver nitrate. This nitrite was formed during the 
heating of the salt, and not by tho action of the reduced silver on tho boiling 
soln, of the nitrate, Tho nitrate is stabilized by the presence of the nitrite. 
As indicated above, silver nitrate resists a temp, at which the cupric salt is 
decomposed, so that if a mixture of tho two salts he heated until the effervescence 
duo to the decomposition of tho cupric nitrate has ceased, silver nitrate can bo 
leached from the cold mass, and insoluble cupric oxide remains undissolved. 
Silver nitrate is also much more stable than load nitrate ; but it can be wholly 
reduced to metallic silver by heating it to dull redness—nitrogen, oxygen, and 
nitrogen oxide gases are evolved. According to E. Divers, there is an interme¬ 
diate formation of silver nitrite, and the salt begins to decompose “close to the 
m.p, of sulphur (444°))” for if tho yellow liquid he cooled, some nitrite can be 
detected. The nq. soln. of silver nitrate has a neutral reaction, but if the 
salt has been previously fused before it is dissolved in water, H. Pellat, and 
A, Vogel found that tho soln. reacts alkaline owing to the presence of silver 
oxide. According to G. Scarpa, not 2 per cent, of the salt is decomposed 
by heating it slowly to its m.p,, and A. Colson says that it can be heated 
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to 350° in a 3 mm, vacuum without appreciable decomposition E. B. Jtosa, 
G. W. Yinal, and A, S. McDaniel say that the decomposition on melting is less 
dependent on the temp, than on the amount of free add present. As the last trace 
of acid is removed, the molten salt begins to decompose into silver oxide and 
colloidal silver; the presence of so little as one or two pacts of acid in 100,000 parts 
of the solid salt hinders its decomposition. The reported melting point data range 
from J, J. Pobl's 198° to J. TV. Retgers* 224°, The mean of the more recently 
published values is 212°, 

J. Guinchant 8 found the coefficient of thermal expansion between 20° and 1150° 
is 0 000077 ; the contraction with rise of temp, at 159° is 017 per cent., and the 
expansion on cooling is 0 22 to 0'25 per cent. This is cq. to about 0'0004T c,c. per 
grm. if the sp, gr. be 4 3; P, W. Bridgman found 0'00250 c.c. per grm, at one atm. 
press., showing that the change in vol. during the transition does not take place 
equally in all directions. He also found a change in vol. of 0*00330 c,c. per grm, 
during the transition at a press, of 9770 kgrms. per eq, cm. P, W. Bridgman's 
measurements of the change in the expansion of the two forme of silver nitrate are 
indicated above. The difference in the expansion at different press, runs parallel 
with the difference of compressibility. At the low press, end of the curve, the high 
temp, phase is the leas expansible, but at the other end of the curve it becomes 
more expansible. H. V. Hegnault? found the specific heat of silver nitrate to be 
01435 between 15° and 99°. J. Guinchantgives01411 for the rhombic form between 
0° and 137 a ; O'1490 for the trigonal form between 0° and 188° ; and 0187 for the 
liquid between 208° and 281°. The high temp, phase has the greater sp. ht. The 
difference in sp. ht. between the rhombic and trigonal forms of silver nitrate was 
found by J. Guinchant to be 0 008 cal. per grm., and P. W, Bridgman obtained a 
similar result at atm. press., when calculated from the values of 8n and vide 
supra . The difference decreases at higher press,, but no change of sign was observed. 
J. Guinchant gives 17 l G to 17'9 cals, per grm. or 2 99 Cals, per mol for the heat ofl 
lotion ; H. M. Goodwin and H. T. Kalmus gave 1D‘2 cals, per grm. and 2 58 Cals, 
per mol. P. W, Bridgman found 49 cals, per gnu. for the heat of transition from 
the rhombic to the trigonal form. J. Guinchant found 3'4 cals. The former also 
found the latent heat of the transformation at atm, press, to be 1'422 kgrmmetres. 
per grm,, and at 5000 and 9000 kgrms, per sq. ran, press,, respectively 1*228 and 
O'254 kgnnmetres. per gnu. M. Berthelot 1 ^ gives for the heat of formation of the 
salt from its dements (Ag, 30, AT)=287 Cals.; J. Thomsen, 30 74 Cals.; and 
A. Colson, 287 Cals. J. Thomsen also gave Ag^G-j^HNO^aq,=2AgNOs+HjO 
+10'881 Cals. M. Berthelot gives —57 Cals, for the hint of solution of silver 
nitrate in water between 10° and 15 a for a mol of the salt in 470 to 940 mols of water. 
J. Thomsen found the heat of soln, at ordinary temp, to be —5'54 Cals. G, Brum 
and G. Levi give —5*30 Cals, for the heat of soln, of a mol in 1000 mols. of water, 
or —570 Cals, for a mol in 1600 mols, of water. 

According to W. Meyerhoffei, 11 the TOpOur pressure curve of a eat. solo, of silver 
nitrate has a maximum while the vap. press, at the two ends of the solubility curve— 
the cryohydrafce and the m.p.—approximate to zero: 

131* 135 th 150 s Iflfl* 107° 1?U* 1S5* J0L ? 

Vap, press. , . 700 600 060 1000 1015 1010 QQO 700 mm. 

There are therefore two sat. soln. which boil at atm, press,—one at 121° and the 
other at 191°, If the soln. at the second b,p, is cooled, the vap. press, rises, and salt 
crystallizes out; in this region, the heat of soln, is positive; it then passes through 
zero, and at a lower temp, it is negative, W, Meyerhoffer’s diagrammatic curve of 
the vap, press, of sola* of silver nitrate is shown in fig. 24. AC is the vap. press, of 
ice; BMB, the vap. press, of a soln, sat. with the rhombic salt; DENF t of a soln. 
sat. with the trigonal salt; OB, that of the rhombic salt; BF t that of the trigonal 
salt; FJ, that of the molten salt; and HOB, that of the rhombic and trigonal salts, 
and water vapour. P, M. Kaoult 14 found the difference between the vap. press. 
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of water vapour, and that of a sob* containing out) part of silver nitrate in 100 parte L 
of water tobeO'lGOxT'fimm. According to P. Eremers, a sat, soln, of silver nitrate 
boils at 135°. A, Smite, and L, Eahlenberg found that soln, with w grms. of salt 
per 100 gnus, of water had boiling points corresponding with : 

ttf O'BOiO 1-643 7-4940 35-08 80-43 130-36 

Rotating b.p. . , 0 044° 0087° 0-382® J-526* 3’143° 4-415° 

Mol. raising . - 0'93° 0-90“ 0-87° 0 730° 0-818° 0 550° 

The mol, raising of the b.p, thus gradually decreases as the cone, of the soln. 
increases. F. M, Raoult found the difference between the freezing point of water 
and of sob, containing one part of salt in 100 parts of water to he 0 h H&°. W, A. Roth 
has measured the lowering of the f.p. of soln. containing N mols of salt per litre: 

N O-0IO6O 0-02826 0-04046 0-05340 0-08119 013119 

Lowering f.p, . 0-0376° 06901° 0-1407° 0 1840° 0-2702° 0 4474° 

Mol. lowering , 3 67 3-51 348 3*385 3-33 3 265 



The mol. lowering of the f.p. thus gradually deecreases as the cone, of the soln, 
increases. 

J. Guinchant found the cryoscopic constant 
to be 2G4 ; and that with soln. of tho nitrates of 
lithium, potassium, thallium, and lead; silver 
sulphate; and with silver fluoride, chloride, 
iodide, and iodatc in molten silver nitrate, the 
molecular lowering is about normal, 

P. Werner and M. Stephani 13 found silver 
nitrate dissolved in benzonitrile has a molecular 
weight 176 corresponding with the formula AgNO a ; 

N. Castoro likewise found 173 for soln. in urethane ; 

G. Sehiilae, L, Kahlouberg, and W. Schmujloff 
found tho mol. wfc. in pyridine soln. to be normal; while P. Walden found the salt 
to bo polymerised in pyridine, aniline, liquid ammonia, and liquid sulphur dioxide, 
but the mol wt. becomes approximately normal with increasing dilution. Silver 
nitrate blackens when exposed to light, but not if organic matter he rigorously 
excluded. The crystals of silver nitrate have a positive double refraction. The 
index of retraction p of aq, sob. of silver nitrate was studied by E. Forster, 14 and 
P. Barbicr and L. Roux. At 17'5°, B, Wagner gave for sob. with p per cent, of 
salt; 


.FlO, 24,—Mayorhofler’s Vapour 
Pressure Curves of Solutions of 
Silver Nitrate. (Diagrammatic.) 


p . * . . 1 5 10 16 20 25 

p 1-33426 133808 1-34393 1-34S82 1-36363 1*36669 

K. Schaefer reports tho selective absorption spectrum in the ultra-violet spectrum 
is independent of tho degree of ionization; and W. N. Hartley that the specific 
absorption of silver does not influence that due to the nitrate-ions. 

W. N. Hartley, and K. Schaefer found that sob. of silver nitrate do not conform 
to Beer's law since cone, sob, have a proportionately greater absorption. For 
layers of liquid of depth l and cone. C, the spectrum is continuous to A x —and there 
is an absorption band between X x ~ 1 and \ 

l .. 10 10 «0 200 200 

V . , N* N~ 

A,- 1 . ♦ 3004 3002 3069 3069 3007 

A, -1 . — — 3635 — — 

W. N, Hartley found that the absorption spectrum of sob. of silver nitrate, unlike 
that of nitric arid or potassium nitrate, is not the same for sob. containing the same 
quantity of nitrate in sob. of different thickness (cone, variable) for the mote dil, 
sob. transmit rays more freely—20 to 50 times as great as sob. of normal cone. 
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although the same quantity of nitrate is contained in each corresponding soln. Thief 
difference is possibly due to the action of light on the sob. 

According to L, Poincar^, 15 the eq + electrical conductivity of molten silver 
nitrate is 0 0537 at 300°; and the specific conductivity of the molten salt at 8° is 
1'22O{1+O'OO272(0™35O)|, A. Leduc has studied the changes which occur in tho 
electrolysis of a soln. of AgNO^ The cq. conductivity, A, of oq. soln. has been 
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where * represents the temperature coefficient of the conductivity. H. Her wig 
found that increasing the pressure on soln. of silver nitrate did not affect the resist¬ 
ance ' r nor could E, CWhn detect any variation in the application of Faraday's 
law in the electrolysis of silver nitrate under press, ranging from t to 1+500 atm. 
According to J. Johnston, the eq, conductivity at infinite dilution at 1W° is 116'1 ; 
at +367 and at 15G°, 570. According to R. Abegg and U. Irmnerwahr, a 
normal soln. of silver nitrate is 58 per cent, ionized. The percentage degree ol 
ionization is represented above by a. W. A. Roth calculated a series of values for 
the ionization constant from the lowering of the f.p., and found 0*11, 0'23, and 0 32 
respectively for 0 U105JV-, 0GD214..V-, and 013691V-soln. J. H, vairt lloff found 
that the value of the ratio a—A r jX^ can be represented by a 3 /(l — ct) 2 u—Lll at 25°. 
The subject has been studied by G. N. Lewis and co-workers. M. Rudolphi found 
the beat ol ionization for a mol of the salt in 32 litres of water at 2&° to be ’-1878 
cols., and in 512 litres of water, —1725 cals, A. J. Rabinowitseh studied the 
anomalous ionization of soln. of silver nitrate. IV, J. Mather found tho transport 
number for the anions of silver nitrate to be respectively 0 538 and O'525 for 
G'G25i\f-Holn+ at 0 & and 45°; M. Lob and W, Nernst gave 0 041 for O’UV-soIn. at 0°; 
and W, Hittorf, for 2'3N-aoln. at 15°, 0 473. H. Jahn found 0 H 482 for the transport 
number of the cations of silver nitrate at 30°; A, A, Noyes and co-workers found 
for OOM-soIn. 0 401 at 0*; for 001 to (Vltf-solm at 18° 0471 ; for 001 to 
U 05N-sob. at 25 a , O'477 ; for 0 005 to U'5AT-soln, at 30°, 0 48L A. Leduc studied 
tho electrolysis of soln. of silver nitrate. 

The electrical conductivities of soln, of silver nitrate in methyl and ethyl alcohol* and in 
acetone havu been studied by H, 0. Jones, and he found that Iho ionisation increasos with 
dilution more rapidly tlian in water. The soln. in ethyl alcohol is pusitivc when tasted 
against an am soln., the soln. in methyl alcohol is weaker, and in acetone weaker still. A 
eolix in ethyf alcohol is negative towards one in methyl alcohol. Tho degree of ionizaliou 
in alcoholiq uoln. is less then in aq. soln., so that- it is assumed the soln. prana. of silver in 
alcohol ift le«& than in water, and U. Vollmer estimates that tho soln. press, is 42^4*i times an 
great in water as in alcohol, A + Roshdestwensky and W. C, McC. Lewis measured the 
eq. conductivity of aobi. of silver nitrate in acetone, and found tho transport number of tlie 
anions to be O-5IMH0 at 60° for 0Q2N- to O-UOTN-floln., and 0-50 for aoln. of less cone. 
C. A. Kraus and W. C. Bray, and A Ssachanoff have studied soln, in aniline; L, Kuhlenboig 
and 0. E. Kudorff, in amylsmine j E. C, Franklin and H. D. Gibbs, F* F. Fitzgerald, ana 
& C. Franklin and C. A. Kraus, soln. in methy lamina ; 0. Bodlitndor and W. Eberlein, 
soln. in taethylamine and ethylaroine; A, fo&cnanoftj in dimetliylaznino; A- SaachanoS 
and J. Prechoborowsky in o-toluidino and benzylamine; A T. Lincoln in pyddxuo, 
piperidine, quinoline, benzunitrile, and methyl and ethyl cyanoacct&tea ; and L. Ralilcn- 
berg, in acetonitrile and methyl thiocyanate. E. Cl Franklin and co-workers measured 
the conductivity, tho degree of ionization, and the transport numbers of soln, of silver 
nitrate in liquid ammonia. 

F. Streintz measured the electromotive force of solii. of silver and cupric nitrates. 
The e.m.f. of cone* cells Ag] AgNO^, | AgNC^i,,. | Ag have been measured by 
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J. Miesler, Nernst, W. Negbaur, A, 0. Gumming and R, Abegg, N. Cybulsky and 
J, Punin-Borko waky, A, A, Noyes and B, F, Brann, cte. J. M. Boll and A, L, Field 
found that the e.m.f. of cone, cells with &q, soln, at 25 11 are in agreement with 
Not riot’s formula with dil. soln. J?=|2w7(w+^)l(JWV»F)log (C?i/C 2 )/where C L and 
refer to the cone- of silver ions ; and it and v* to the migration ratios of Ag r and 
NO/, With cone, soln,, however, the calculated values are too great owing to the 
lowered velocities of the ions, E. Bichal and R. Blondlot found that the e.m.f. of 
the cell Pt [ AgNO^oin. I Ag was changed about Q'5 millivolt per 100 atm, press, 
W, K, Lewis investigated the e.m.f. of cone, cells. J, H. Wilson studied the e.m.f. 
of cone, cells Ag | y^W-AgNOg in alcohol \ ^tf-AgNGs in alcohol I Ag for methyl 
and ethyl alcohols. A* Roshdcstwcnaky and W. C, McG. Lewis found the e.m.f. 
of cone, cells, of silver nitrate dissolved in acetone, L. R, Ferguson could not 
confirm F. L. Hunt's observation that only in darkness does silver separate in a 
cell Pt|Kl, AgN0 3 jPfc, G. von Elissafoif studied the electrolytic valve action 
of aq. soln. and the fused salt, A. E. Oxley found soln. of silver nitrate show 
the Ball eflect 

Silver nitrate is very soluble in water; the solubility has been determined by 
I\ Kramers, 18 W. Middelberg, A. Etard, W. A. Tilden, W. A. Shensfconc, J. Schnauw, 
etc, The average data for the weights of silver nitrate in grnis, per 100 grins, of 
sobi. arc when the solid phase is the rhombic form : 

o n iu* m\ B 30 * 40* bo* no* so 4 ino* iflu* 

S ♦ . 53 02 OH 73-5 77 30 8HW7 00 1 03-6 

According to D. J. Hissink, with it;o as the solid phase the solubility is .34 2 per cent, 
at “3 6°; and, according to W. Middclberg, the eutectic is at —7 h 3° with a solubility 
of 71 percent. Tho solubility at the m,p, is infinite, for the salt and water then mix 
together in all proportions. The addition of nitric acid to an aq, soln. of silver nitrate 
lowers tho solubility as noted by L, SchwciggereScidal, C, J, H. Warden, etc. 
0. Schulta found that 100 gnus, of cone, nitric acid dissolved 0 2 grim of silver 
nitrate, and an acid 2HN(^+3H s O dissolved 3 33 grins, at 20 a , and IG‘6 grms, at 
100°, J t I. O. Masson found that if D denotes tho sp. gr. of tho soln., n the number 
of mols of nitric acid, per litre of soln,, and b tho number of mols of silver nitrate 
per litre of soliv-all at 30°: 

J) , . 2-3921 22754 21243 11*402 l 7052 14930 1-4195 13313 1-3&70 

a , , 00000 0-4042 0 902 1698 2334 4 497 5-992 834 12-53 

b . , 10 31 0-3fl 80S fl-54 4-523 2-590 1098 0343 0 347 

R, Engel’s empirical rule, tliat the introduction of an acid into a sat, soln, of a salt 
precipitates a chemically eq. quantity of salt, holds approximately for some acids of 
moderate cone,, but it fails completely in other oases. J, I, O, Masson represents 
the results by : 

~S ■ »'<o+<Mo“i «i >! 

where B is the value of h when # is zero. Silver nitrate is readily soluble in alcohol. 
According to G\ A. L. de Bruyn, 100 parts of absolute mtfhyl alcohol at 19° dissolve 
3'72 parts of silver nitrate; and ethyl alcohol, 31 parts of the salt; J. M, Eder gives 
for the solubility S in gems. of the salt per 100 gnus, of p per cent, alcohol at IS 0 ; 

Alcohol, p . ,8-5 24-7 33-4 42G 52-5 62-5 73 ft 

AgNG„ S , ,158 73"7 fifl-4 3GH 30 5 121 10-3 

He also gives data at C0° and at 75°— e.g. the solubilities in 1G‘3 per cent, alcohol at 
15% SO 5 , and 75° are respectively 107, 214, and 340; and. in 92'5 per cent, alcohol, 
respectively 3‘8, 7 3, and 18'3. W. Kuriloff has also investigated the same subject, 
and, F. A, H. Schreinemakers studied the ternary system: water—alcohol—silver 
vol hi. 2 H 
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nitrate- D. J. Hissmck studied the mutual solubility of silver nitrate and sodium 
nitrate in a<p soln, of alcohol. In addition to finding silver nitrate to be soluble in 
methyl and ethyl alcohols, W- G. Wilcox found it to dissolve readily in isol/utyl alcohol, 

& von Lnzczynsky found 100 parts of absolute acetone both at If and at fifl* dissolve O SA 
part of the salt; W. G. Wilcox also found this salt to bo soluble in acetone, chloroform, and 
carbon tetrachloride, A. Naumann says 0’44 part at 18® C. E. Lmebarger found lOOp&rta 
of benzene at dlasolves 0 22 part of salt, and 0 44 at 40 P. Womer says tho salt is 
surprisingly, soluble in btnzonitrtk; K. Scholl and W- SteinSojd find it to be aolubfe in 
acetonitrile ; F. L. Shinn, and F. R Fitzgerald found silver nitrate dissolves 
and tfAyiomiuf, with tho development of heat, forming clear colourless aoln, H. D. Gibbs 
found that the very high solubility of iho salt in this menstruum ie connected with the forma¬ 
tion of a double salt AgNO^CHjNK,, R F, Fitzgerald found that a soln. with 09'2 gnus, 
of the wit in 100 c.n, is not eat. hetwem —38° and If! 0 , and the smallest, trace of moisture 
leads to the Reparation of a blank precipitate. It is also soluble in amyfominc. E. O. Franklin 
and C. A- Kraus* and F. M. G. Johnson and N. T- M, Wilsmore studied the solubility in 
liquid ammonia t but its solubility is not as great as might have been anticipated from its 
solubility in water and in ethyJammo. According to E. H* Biiehtier, silver nitrate is 
insoluble in liquid carbon dioxide; R Jtaznld found the salt to he insoluble in methyl 
acetate. 

The chemical properties of silver nitrate —J. R. Glauber i* noted that a soln. of 
silver nitrate blackens in contact with organic matter, A soln. of silver nitrate 
gradually decomposes on exposure to light- According to F. Liebert, the reaction 
continues until all the organic matter has reacted, for if the soln. bo then filtered 
through asbestos, a stable soln. is obtained which was kept for more than a year in a 
clear glass bottle in full daylight without change. In 1794, Mrs. Fulhame noted 
the reduction of silver nitrate when a piece of silk wetted with a soln. of that salt is 
exposed to tiie action of hjdrogcn gas in the dark. If, however, moisture is excluded 
the salt is not reduced- C, Brunner reported that he obtained a light grey 
precipitate by passing purified hydrogen gas through an aq, soln. of that salt 
for several hours \ but the greater part of the salt remained unchanged after 
a week's exposure to the action of the gas, B. Renault, mi cantmirc, maintained 
that the observed reduction is due to the contamination of the hydrogen 
with small quantities of silicane, stibine, arsine, or phosphine, although Swedish filter 
paper moistened with a soln. of the salt is immediately blackened, J. AV, Russell, 
again, maintained that although no action appears when purified hydrogen is passed 
into a cone, soln, of the salt, after the lapse of about half an hour, metallic silver is 
precipitated which acts upon the liberated acid: 2AgNQg-fH a =2Ag-f2HNO^, 
forming silver nitrite ; but with a very dil. aoln. of tho salt, metallic silver is obtained 
because the resulting acid is not sufficiently cone, to act on the metal- H. Pellet 
contradicted Russell's statement that silver nitrite is formed, and claimed that that 
salt cannot exist in the presence of nitric acid especially in a hot soln. H. Pellet 
* continued that hydrogen, purified by scrubbing with soln. of sodium hydroxide and 
silver nitrate (1:33), has no action on a neutral soln. of silver nitrate at ordinary 
temp., a light grey precipitate is formed when hydrogen is first introduced at 80 c , 
and after filtration no further change occurs. He also found that a cold or hot eolm 
of fused silver nitrate, which has an alkaline reaction owing to the presence of a 
little silver oxide, is attacked by hydrogen only so far as to reduce the oxide of silver 
in soln. j if the soln, he acidulated with nitric acid, no silver is precipitated, 
N. N. Boketoff found that silver is precipitated from a neutral soln. of silver nitrate 
only when the operation is continued for a long time ; that the silver precipitated is 
eq. to the hydrogen absorbed, and the soln- then has an acid reaction. A. R. Leeds 
found a soln- of silver nitrate becomes acid and is reduced to silver and silver nitrite 
by the action of hydrogen scrubbed with an acid soln. of ferrous sulphate, cone, 
sulphuric acid, solid potassium hydroxide, and a 20-ft, column of pumice-stone and 
asbestos soaked with a soln, of silver nitrate, M, Faucke also says that crystals of 
this salt, as well as neutral and acid soln,, are reduced to the metal by hydrogen gas, 
but that an ommoniacal soln. of the salt is not reduced. T. Poleck and K, Thtimmel 
say that acid sain, are not reduced and that in very cone, soln., ammonia is formed. 
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The evidence os to the action of hydrogen at ordinary press, and temp* on a suln, of 
silver nitrate, is therefore somewhat discordant* J* B. Senderens found that a 
boiling soln, of silver nitrate is readily reduced by hydrogen, and this the more 
the more cone* the soln. N, N, Bckctoff also found that hydrogen under press, pro¬ 
duces a film of silver on a soln, of silver nitrate. J, Donau says that a flame of 
hydrogen is coloured yellow by playing on a soln. of silver nitrate* 

As indicated previously, silver nitrate, prepared by crystallisation from its aq. 
sola,* has a neutral reaction* and hence there is no evidence of hydrolysis* but 
E, B, Rosa* 1 ® G. W, Vinal, and A. S". McDaniel claim that by the repeated crystalllza* 
tion of the salt from aq* soln.* a basic silver nitrate is formed. Judging from the early 
observations of C. H. Pfaff* and A. Vogel* water vapour exerts a reducing action 
on soln* of silver nitrate. According to A, Mailfert* ozone with a soln. of silver 
nitrate gives a bluish-black flocculent precipitate of silver peroxide* and when the 
Noln. is agitated, silver nitrate is again formed. E t Mulder found that silver nitrate 
accelerates tho decomposition of hydrogen peroxide* without undergoing any change. 
H. Kwasnik reduced a soln, of silver nitrate to the metal by tho action of b&rium 
dioxide. F, Wohler 1Sf found that when silver is immersed in a com;, solo, of silver 
nitrate overlaid with water, metallic silver of dendritic form grows from a few 
scattered points on the surface of the metal. It is assumed that silver dissolves in 
the soln. of silver nitrate* and is re-deposited therefrom* According to K. Bose, 
a warm aq. soln. of silver nitrate dissolves metallic silver* forming silver suhnitr&to ; 
the metal is precipitated again when the soln. cools. K. Eisenreich also obtained a 
soln. of the aubnitrate by the electrolysis of a soln* of silver nitrate with a silver 
anode. 

According to H. Moissan, 20 fluorine does not attack cold silver nitrate* but at a 
dull red heat* yellow silver fluoride is formed. H. St. C. Dcville found that when dried 
chlorine is passed over dried silver nitrate, between 55 y and 6tT* silver chloride, 
nitric anhydride, and oxygen, gas are formed, M. Odet and M. Vignon say tho 
reaction occurs in two phases* first the formation of nitroxyl chloride, NO^Ol* which 
then reacts with silver nitrate. According to A. J. Balard and A. Naquet, when 
chlorine gas is passed into an aq. soln. of silver nitrate* silver chloride and hypo- 
chlorous add are formed, whereas C. Weltden found that with chlorine water, silver 
Hi bride and chlorate are formed. W, Dancer utilized the action of bromine on 
silver nitrate to prepare hypohromous acid, R t E, Hughes found that if moisture 
be excluded, hydrogen chloride has no action on dry silver nitrate. The action of 
hydrochloric add and of the soluble chlorides on soln, of silver salt* has been 
previously described. Similar results are obtained with hydrobromic odd and the 
Hobble bromides, or with hydriodic add and tho soluble iodides. 

According to E. 0. Franklin and C t A. Kraus, slightly soluble silver chloride is 
precipitated by amnumium chloride, from a soln. of silver nitrate in liquid ammonia; 
very little bromide is precipitated by ammonium bromide; and no iodide by 
ammonium iodide* J. Breuss found that when dry silver nitrate is triturated with 
iodine, silver iodide* periodic acid* and nitric acid are formed. According to 
W, Pawloff and S. Schein, iodine acts on an excess of silver nitrate as symbolized 
by the equation : 6AgNQ3+3l a +3H a O=liAgI-|-AgIO a +6HN0 3 ; and if the iodine 
be in excess: 5AgNO^-j-3Ia-j-3H Ji O=5AgLf5HNQ a +HIO a . In alcoholic soln, 
C. WelUien found iodine to react in accord with the first of these two equations. 

According to J, Kablukoff, 21 if an alkali halide bo dissolved in molten silver 
nitrate: AgNQ 8 +K^Ag l +KN0 3 . Tho homogeneous mass gradually separates 
into two layers; tho lower layer is silver halide. The m t p, of silver nitrate was 
depressed with increasing proportions of silver chloride from 207 2° for the pure 
soft down to 179'8 C when 14'99 per cent, of silver chloride had been added. 
With mixtures of silver bromide and nitrate there is a eutectic near 163 l 5 D with 
20 2 per cent. AgBr, With mixtures of silver iodide and nitrate G. Scarpa obtained 
a eutectic at 80 D with G5 per cent. AgL According to J, Schnauss* P. Kremers* 
K. Risse, and H, Debray* silver chloride dissolves in hot soln. of silver nitrate and 
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crystallizes out again on cooling* K. Hell wig found that 100 c,e, of & 3JV*goln* 
of silver nitrate dissolves 0 08 grm. of silver chloride ; and when the soln. is diluted, 
the solubility sinks very rapidly* No double salt could bo made from the soln. of 
silver chloride in the nitrate. G, Reichert claimed to have made silver chlorottitratep 
AgCJ.AgNOj, by dissolving the chloride in nitric acid. The colourless prismatic 
crystals which separated from the sola* wore washed with equal parts of alcohol 
and ether. The crystals are only slowly blackened in Ijght; they melt at 160°; 
and are decomposed rapidly in water, slowly by commercial alcohol, and are not 
affected by a mixture of alcohol and ether* 

The solubility of the bromide decreases rapidly as the sola, of silver nitrate is 
diluted. H. Risse, and K* Hell wig found that fine aciculur crystals of silver hromo* 
nitrate, AgBr*AgNOg, separate out on cooling the sola, of silver bromide in a hot cone, 
soln. of the silver nitrate, P. Kremers and J. Schnauss failed to make the salt by the 
wet process, but P* Kremers prepared the double salt by fusing cq. amounts of the 
component salts; the double salt prepared by the dry process melts at 182°; the 
salt obtained by the wet process melts at 172°* The crystals are decomposed by 
water or alcohol. Silver iodide is far more soluble than either of the other two 
halides in an aq. soln. of silver nitrate, K. Hell wig found at 'ITf ; 

AgNOj . * 0 20 0'4U 0 70 1-215 2 54 375 fi-P mola per litre. 

Agl. . 0 06S 0107 (P85 3-0B 101 332 85-0 gm „ 

The results are indicated in Fig, 25 along with the three solid phases. The solubility 
is augmented by raising the temp. J. Schnauss found a cold soln. of silver nitrate 

eat, at 11°, dissolves 2 3 parte of silver 
iodide, and 12 3 parts when boiling* 
J. Breuss (1839) observed that a 
crystalline compound of silver iodide 
and nitrate is deposited from a soln. 
of silver iodide in a cone, soln. of 
silver nitrate, or from a soln. of 
silver iodide and oxide in nitric acid* 
The product is silver iodouitrate, 
Agl.AgNOj, and it was prepared by 
th Stiirenburg by cooling a boiling 
cone, soln* of silver nitrate sat, with 
silver iodide, K, Hell wig used a 
similar process. The clear ucicular 
crystals arc said to belong to the 
euhic system, and to melt at 72 c ; 
P, P, von Weimarn says 05 \ 
J + Schnauss says the compound 
a ' Gnmimh A K Ho,prr litre 3 ‘ rapidly blackens in daylight. 

Fra. 25.—Solubility of Sflvar Iodide in Solution. R ’*> i™™*- 

of Silver Nitrate* rive to light* According to P. Kramers, 

the crystals dissolve in a little water 
without decomposition, but they arc decomposed with o larger proportion of water, 

J, Schnausa says that silver iodide is formed when the crystals are treated with water, 
and C* Stiironberg added that the silver iodide is dissolved when the soln, is heated, and 
on cooling, crystals of iHtot lododinitrato, AgI.2AgN0^, appear. According to 
J. Schnauss, Agl.AgNC^ is not decomposed nor dissolved by hot alcohol, C t Stiiren- 
berg prepared the iododinitrate by-coolingahotconc* soln. of silver nitrate which was 
not completely sat, with the iodide, and by adding alcohol to a solm of Agl.AgNGj in 
silver nitrate. H, ftisee melted proportions of the component salts, and boiled the 
cold cake with water. The soln. deposited crystals of iododi nitrate on slow cooling, 
E. Fante prejiared the salt by passing carbon dioxide charged with vapour of methyl 
iodide^into a soln, of silver nitrate. A. Riche, C, Weltzien, and K, Hellwig also 
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prepared the salt* It forms colourless needle-like crystal* which F, AL Jager found 
to be rhombic bipyramids with axial ratios a : b: c=0 6638 : 1 :0'3123, H, Riaso 
says the crystals blacken rapidly in light, while R. Fan to found the blackening only 
occurs in moist air; in dry air, the crystals arc almost insensitive to light, H. Risse 
found tlio salt melts at 105°, and exhibits under cooling phenomena* R. Fanto 
gives 119° for the imp., and F. M, Jagor, 1191°. The crystals are decomposed with 
water and alcohol, but, according to H. Risso, & protective skin of silver iodide may be 
produced by the treatment, so that decomposition appears to be incomplete, other¬ 
wise the decomposition by water is complete* K. Hellwig found that the b*p. 
determinations correspond with the existence of complex salts in aq. solm; the salt 
is soluble in a cone* soln. of silver nitrate with ionization ; during electrolysis, the 
silver iodide collects about the cathode ; the ionization of silver iododinitrate, 
Ag;jT(N 0 3 ) Zj is not ; but rather Aggl^NQgJa^AgjRNQgJ* 

+NQ /; and AggRNOg) — Agyl"-[-N0 3 '; and Ag 3 r -- 2 Ag'^Agl; as well as 
Ag 3 I{NQg) ~AgI-[-Ag-l-AgNC^. The salt also dissolves sparingly in boiling water. 
K* Hellwig obtained evidence of still higher nitrates-^.< 7 . sifoer iodotdranitratc, 
Agl,4AgNQ t . A. W. Hofmann, and P, Kramers also obtained products with higher 
proportions than Agl: AgN(lj=i : 2, but the 1 : 2 -compound may have been 
contaminated with silver nitrate* G, Scarpa obtained evidence of the formation 
of 3AgNO ;S .2AgJ. Jy, Hellwig also prepared silwir ctfanodwiitfftff 1 , Ag 3 Cy(N0 3 )g ; 
and sihw thiociftimlwlitulriitPs A^CySfNOjJy ; and 0 . StiirrnbiTg triple salts of lead 
and silver nitrates and silver iodide* 

N. W. Fischer 22 found a mixture of silver nitrate and sulphur detonates slightly 
when struck with a hammer, if a warm r une, soln* of silver nitrate be digested with 
sulphur, T, Poleck and K r T hummel found that the salt is decomposed and a carmine - 
red amorphous powder, AgJS.AgSC^, is formed. According to R* Fanto, the first 
stage in the action of hydrogen sulphide on a soln. of silver nitrate is the forma¬ 
tion of silver thianitrate, Ag^.AgNOg, and with the continued, action of the gas, 
silver sulphide is formed. 1\ Poleck and K. Thiiinmel prepared silver thionitrafce 
as a greenish-yellow precipitate by pausing hydrogen sulphide into a cone, soln. of 
silver nitrate ; and also by treating silver sulphide with fuming nitric acid, The 
product blackens when washed with water or alcohol, owing to its decomposition: 
Ag*;S,AgNftj->Ag s S-f AgN0 3 , but it is not changed by dil. nitric acid. The air- 
dried product loses very little in weight when heated to 180° ; but when heated to 
redness, it give* off sulphur dioxide, etc., and leaves metallic silver. It is sensitive 
to light. Galena* copper pyrites, and the lower iron and copper sulphides were 
found by \V. Skey to precipitate metallic silver ; the reduction of ammoniacal soln, 
by cuprous sulphide occurs only when warm* 11. Schneider also found that silver 
is precipitated by cuprous sulphide: j-4AgN(^-SCufNOaJa^Ag^SdSAg* 

■T. Myers found that when crystals of silver nitrate are in contact with a soln. of 
potassium sulphide* a crust of silver sulphide is formed and underneath this a thin 
film of metallic silver. According to E* C* Franklin and G, A. Kraus, ammonium 
sulphide gives a precipitate in a soln, of silver nitrate in liquid ammonia* According 
to H. Rose, and 8 . Kern, Sulphur diosdde precipitates silver sulphite completely from 
an aq* soln, of silver nitrate, and while the precipitate is insoluble in aq* sulphurous 
acid, it is soluble in aq. ammonia or alkali sulphite, C, Geitner found that by 
beating silver or silver nitrate with sulphurous acid iu a sealed tube at 1200 °, micro- 
scop us crystals of silver sulphide are formed resembling the native sulphide* 
According to H. Baubigny, an excess of sodium sulphite, at 100 °, forms over 96 per 
cent, of sodium dithiouutc, Na-jS^Og, with the separation of silver; for the action of 
potassium and ammonium sulphites* see tho precipitation of silver from the soln. 
of its salts. 

Silver nitrate was found by H. Marshall to be slowly converted by potassium 
persulphate into black silver peroxide, etc*; J. Girard found sodium thiosulphate 
converts silver nitrate into the sulphide with the evolution of 23 Cals, when an 
eq. of each salt is dissolved in 2 litres of water at 15°. J. Fogh showed that silver 
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thiosulphate is first forint with the development of 2 6 Cak T, E, Thorpe 
found emlphuryl chloride, S0 2 C1 2> is without action on silver nitrate, indeed, 
the former can be distilled from the latter without perceptible decomposition ■ 
thienyl chloride, SOCI 2t reacte rapidly with silver nitrate forming silver chloride 
and nitrosulphuric chloride, Cl.SO a ,NO E ; and dllorosulphonic add, Q.SGa-OH, 
acts violently, forming silver chloride and nitrosulphuric acid, H0*SQ E ,NCk 
E. Bamberger obtained oaonized oxygen by heating pitsulphuric acid withsilver 
nitrate. 

T. Parkman found that red selenium is blackened in a soln. of silver nitrate, 
flakes of selenious acid are formed as well as a black powder, probably a compound 
of selenium and silver, Ag 2 Se, from analogy with analysis on the corresponding 
reaction with cupric nitrate. R. D. Hall and V, Lenher have shown that the 
" flakes of selenious acid ” wore probably silver selenite. J. B, Senderena found 
that Selenium reacts readily with a boiling dil. or cone. soln. of silver nitrate, form¬ 
ing silver eelenide and selenious acid : 4AgN{^+3Sc+3H 2 0—aAgaSe-fHsScQg 
-J-4HN(^ ; ii the mixture be heated in a sealed tube some silver selenite, Ag 2 SeQj, 
is formed. N, W. Fischer observed that tellurium acts on a soln. of silver nitrate 
producing a black compound of tellurium and silver which docs not acquire a metallic 
lustre under press., but he obtained lio reduction with selenium, T, Parkmau 
regarded the black powder as having the composition Ag 2 Te, from ajialogy with 
analysis on the corresponding compound with copper nitrate* According to 
J. B, Sendcrens, at 1TX) & the reaction lAgNOj-f 3Te4-3H 2 0=2Ag a Te4-H^TeO a 
+4HNQa is faster than with the analogue selenium, and the reaction with both 
elements proceeds slowly but completely at ordinary temp. K. D. Hall and 
V. Lenher represents the reaction 4AgNd t -f-3Te=2Ag 1! Te'|-Te(NCtj) 4 , 

According to E, Divers, 23 silver nitrate decomposes at a much lower temp, in an 
atm, of nitric Glide than when heated in air. The decomposition is marked at the 
m.p. of the salt, and at the b,p. of mercury the decomjiosition is slow but complete. 
At first, the products arc silver nitrite and nitric peroxide, AgN(Vk^O=AgNO ; 
+NO a , but very little silver is liberated, the nitrite being almost wholly preserved 
for a long time, through combination with the undecomposed nitrate. But when, 
as the nitrate Iwcomee decomposed, the nitrite is no longer protected, it suffers 
decomposition, as usual, into sdver and nitric j^roxide ; finally nothing but silver 
remains. Theoretically it is quite probable that nitric oxido does not, after all, act 
directly on silver nitrate- Assuming the first action is 2AgN0^-^2AgNO 2 +O^, 
and that the nitric oxide reacts with the oxygen to form nitrogen tetroxide, silver 
nitrate is not actually decomposed by nitric oxide, but only decomposes more 
rapidly in its presence in consequence of its interaction with one of the products of 
decomposition. E. Divers and T. Haga say that ftydroxylaminA gives a black 
precipitate of silver oxide when it reacts with a aoln r of silver nitrate. The action 
of ammonia is treated in the next section. According to N, W, Fischer 24 a mixture 
of silver nitrate and phosphorus detonates violently when struck with a hamiuor* 
M. Mander also stated that a mixture of sublimed arsenic triturated with ten 
times its weight of silver nitrate takes fire immediately when shaken out on paper. 
The action of phosphorus, arsenic, and antimony have been discussed in connection 
with the metallic precipitation of silver. 

According to H. Rose 25 phosphine produces a brown precipitate in soln. of silver 
nitrate, D, Vital! showed that the first action results in the formation of BilW 
nitratophoephide* Agj,P,3AgN0 3l an unstable yellow compound studied by T- Foleck 
and K, Timmmel. This compound is very unstable and soon decomposes, and if the 
soln. of silver nitrate is dll., it is only formed momentarily: CAgNGj-bPHj 
^PAgj.SAgNQa-kSHNQj. When the nitratophosphido is treated with water, or 
when formed in dil, sob., it gives off nitrogen tetroxide and black silver phosphide, 
A^P, and this then decomposes into silver and phosphorous acid: AgaP,3AgNfy 
d-SH^O=6Ag+3flN(^-|-H 3 P(V The nitric acid formed during the latter reaction 
-jansionns the phosphorous acid into phosphoric acid. Hence, silver, silver phosphide, 
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and silver nitratophoephide may be produced by the action of phosphine on silver 
nitrate sofa*, the proportions depend on the cone, of the silver nitrate, Hence, 

T* Thomson, and G* Landgrobe could say that silver phosphide is formed by the 
action of phosphine on silver nitrate ; P, Kulisoh, a mixture of silver and silver 
phosphide ; and H, Rose, that metallic silver is formed which, according to 
R, Presenilis and H, Neubaucr, contains phosphorus. If purified phosphine is passed 
into a cone* soln. of silvt^ nitrate, each bubble of gas is attended by inflammation; 
indeed, D. Vital! obtained an explosion by passing the purified gas rapidly into a 
cone, soln. of silver nitrate. It is therefore best to dilute the gas with carbon dioxide. 

E, Soubeiran observed the deposition of elemental silver when ai&in 6 is passed into 
an aq. soln, of silver nitrate* J* L. Lassaignc showed that the precipitated silver 
contains a little arsenic which can be removed by allowing the precipitate to stand in 
contact with the acidulated liquid* According to K Reicbardt, orsenious and 
arsenic acids, H a As0 3 and H 3 Ae0 4t are formed* J. L. Lsssaigno gives the equation; 
SAsHa+lSAgNOg-l-^HaO^AsaOa-l-^Ag-l-lSHKOa* L, Marehlewsky’s objection 
that J* L, Lassaigne’s equation cannot be right because finely-divided silver is 
attacked by 0 4 per cent, nitric acid—a product of tho reaction—is invalid, since 
T. Poleck and K. Thiimmel have pointed out that silver is not dissolved by nitric 
acid when no nitrous acid is present. According to G. Lockemann and H, Beckleben, 
tho reaction docs not always furnish end-products in accord with the equation since 
in acidified soln, too little silver is produced ; only in alkaline soln. is tho theoretical 
proportion obtained. The reaction has also been studied by J. A. Wanklyu, 

J. B. Senderens, D. Vital], J. P. Simon, A. W. Hofmann, etc. K, Preis and 
B* Rayman eay that in neutral solo.* arsenious oxide (or silver arsenite) is produced, 
and in ammoniacal soln., arsenic oxide. J. L. Lassaigne stated that in a soln. of 
silver acetate, a bubble of arsine produces black flecks of silver, and some yellow 
silver arsenito which is decomposed by further contact with the gas. According to 
T* Poleck and K, Thiimmel, the reaction is quite analogous to that which obtained 
with phosphine. Silver nitrate which has been fused is coloured by arsine first yellow 
and then black. A soln. of silver nitrate, in less than twice its weight of water, 
gives a citron-yellow coloration, and becomes acidic when treated with hydrogen 
mixed with a little arsine* Tho yellow liquid may be mixed with a little nitric acid, 
and it can be kept one or two days. Silver then separates out, arsemous and arsenic 
oxides are formed ; the liquid becomes turbid and loses its colour. If the soln* be 
diluted, warmed, or treated with an excess of arsine, the changes occur more quickly. 
When the cone, soln*, cooled below 0 D , is treated with a rapid current of gas, it forms 
an egg-yellow crystalline mass, which rapidly blackens with the separation of silver 
when the temp, is allowed to rise. If the aq, soln, of silver nitrate bo mixed with 
one-fourth its vol. of absolute alcohol, yellow crystals are formed during the passage 
of the arsine; these crystals decompose when pressed and dried. The yellow 
substance obtained with cone* soln. of silver nitrate is Silver mtr&toars&nide, 
AgjAfl.SAgNOg, which is decomposed by water into nitric acid, silver, and arsenious 
oxide* Tho first stage of the reaction is then represented: AsH^-f BAgNO^ 

—AsAgj.SAgNO^d-SHNOg, and in dil. soln, tho yellow mtratonrsemdc is im¬ 
mediately decomposed: aiAggAs.SAgNC^Jd-SHaO^lSAg-l-AsaQa+GflNQj. Accord¬ 
ing to Z* Pozzi, and H. Reekie ben, G. Lockemann, and A. Eckardt the action Is more 
complex than T, Poleck and K, Thiimmel suppose, for besides the reaction repre* 
sented by J, L, Lassaiune*B equation, there occurs in neutral soln* : AsH 3 +3AgNQj 
=Ag s As+3HN^, ana this the more cone, tho soln. The silver arsenide so formed 
reacts: Ag a As+ 3 AgNO a =AggAs, 3 AgNC^ J or else: AggAs-HiAgNt^+SHaO 
— 6 Ag+As(OH) a -t- 3 HH 0 ^ftU depends on tho cone, of tho soln. and the duration 
of the action* In alkaline soln,, in addition, there is the reaction : As(OH) 3 +2AgNO a 
-bH^O = 2Ag + H 3 As0 4 + 2HN0a; or AsH* + 6 AgNO* + 3H 2 0 - GAg + H^AsQa 
-b 6 HNQj or AsH 3 +8AgN0h+4H 3 O=8Ag+H 3 As0 4 -|“8HNOb* The reaction last 

Z mholized is completed when the liquid is boiled. In ammoniacat soln, therefore : 
iHa-i-BAgNQj-HlNHg+iHaO^fNH^AsOiH-SAg-fflXHiNOa, 
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The reaction between arsine and silver nitrate has been recommended a* a tost by 
H> Hager, etc., and H< Gutzeil’s test is based on the formation of the yellow nitrato- 
phosphide. This test has been studied by E. Dowaand, F, C. J. Bird, H, Strauss, A. H. Gott* 
hell* oto, A pioco of filter paper, spotted with a eoln. of silver nitrate, and exposed to 
anrijie, gives a citron-yellow spot with a brown or black periphery whirh slowly broadens 
towards the centre until the whole spot is blackened. When the yellow spot ia wetted with 
water, it blackens all ovei-OQGS ipgrm. may be so detected in Jfi-20 mins. Htihine under 
similar conditions gives a grey or uncolonttd spot with brownish-rod or black edges. The 
yellow spots with phosphine or hydrogen sulphide may bo distinguished, tho former by 
oxidation with chlorine or bromine, the lattor by iodine. The action of silver nitrate tm 
amine hoa also been utilized for removing the hitter from giuQous mixtures. According to 
E. Keichnrdt., the absorption of arsine from a current of the gun mixed with much hydrogen, 
by a neutral or ammoniacal noln. of silver nitrate, is incomplete* but if the silver nitrate 
soln. he acidified with nitric add—eay one part of silver nitrate dissolved in 24 partfl of 
water; mixed with an equal vol. of nitric acid of up. gr. 1 -3d ; and the whole diluted with 
4-5 times its vol. of water—the arsine is completely absorbed, 


When fftibioft ia passed into a divide sdn. of silver nitrate, the gas ia completely 
decomposed, and a black precipitate is formed which rapidly settles. The super¬ 
natant liquid has an acid reaction, arid contains very little antimony. The reaction 
lias been investigated by 0. H. Pfuff, A. lfouzeau, 'J 1 , Humped J. W, Russell, 
K Schobig, etc. The black precipitate was supposed by J. L. Lassaignc to be silver 
antimonide, Ag a Sb, or a mix turn of this compound with silver. T. Poleck and 
X. Thiiinmel, R Bartcta and h\ Jones obtained a ratio nearer tfh : Ag—1 : b. The 
reducing effect of any hydrogen accompanying the atibiuu has been shown by 
K. Bartels, and T. Poleck and X. Thiimmel to be negligibly small. D. Vitali 
represents the reaction; (iAgXtXjH 2SbH a -^SbAga-bfiHNt^. J, X pinion, and 
R Bartels have shown that tho product of the reaction is but slightly attacked by 
cold hydrochloric acid, the hot acid forms silver and. antimonious chlorides; it is 
slowly dissolved by nitric aeid; when boiled with a soln. of nickel, cobalt, or 
manganous chloride, antimony passes into soln. and the residue is free from niekel, 
cobalt, or manganese; and a boiling soln. of silver nitrate dissolves some of tho 
antimony, F, Jones found that both silver and antimony are dissolved when the 
precipitate ia digested with a cone. sob. of sodium chloride. A. W. Hofmann 
dissolved all the antimony from the precipitate by means of tartaric acid. With a 
concaved soln. of silver nitrate, say one part of the salt to 0 7 part of water, a 
greenish-yellow coloration ia developed and the soln. reacts acid; if the atibine is 
diluted with a large excess of hydrogen, the greenish-yellow colour does not appear, 
or it becomes grey owing to the formation of metallic silver, R. Bartels believes that 
the yellow compound has a similar constitution to silver monamminochloridc, 
Ag(WII 3 )Cl, and represents it as an addition product: SbH J -f'AgNQj"Ag(SbH 3 )N0 3 , 
and he says that it acU as a reducing agent on the excess of silver nitrate present 
in the floln.; AgtSb^NOa+SAgNO^-f^^O^HaSbOiH-bAg-f fiHNOg. The 
yellow compound cannot be isolated; and from T. Poleck and K. Thummers analyses, 
ltfl composition agrees with that of silver wtratoantimonide, SbAgg.SAgNQg, and its 
mode of formation and properties resemble those of the corresponding products 
obtained with arsine and phosphine, SbH 3 +t5AgN0 3 =Ag 3 Sb.3AgNt^+3HX0i J 
followed by 

According to A, Wurtz,^ hy^jphosphoroua add* H 3 PO a , reduces silver nitrate 
sob, in the cold, without the evolution of hydrogen; and E. J. Bartlett and 
W. F t Rice said that if the acid bo in excess, silver hydride is formed ; C. F. Rammels- 
berg symbolized the reaction with barium hypophosphitc : Ba{H 2 P0£) 2 +6AgNQ a 
+4H 2 O^2H3p0 4 -b4HNQ3+Ba(NO3)*H-H 2 +eAg, and he represented tho action 
of pboopbaroiui add on silver nitrate by the equation: aHjI^+SAgNC^-bSHgO 
^2H 3 P0 4 +2HNC^-b2Ag-J-H a ; while H. Rose observed that dil. phosphorous 
acid does not at first render silver nitrate turbid, but forms first a brown then a black 
precipitate of etfoer sutomde; the reaction proceeds more rapidly when heated, 
and silver may then be deposited. According to A. Sanger, hypopho&phoric aeid 
is formed when ammonia, and silver nitrate are added to a cold soln. of phosphorous 
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acid, but the silver oxide which results from this reaction oxidizes some of the 
hypophosphoric acid to orthophosphoric acid. The white crystalline precipitate 
which is produced on the addition of silver nitrate to phosphorous acid 4 hae di tlie' 
composition Ag 2 HPOa, silver phosphite, U. J, J. le Vender obtained'ajmixturc of 
silver phosphate and phosphide by the action of phoephoTOUS ffuboxiae on silver 
nitrate. T. E, Thorpe and S. Dyson found tliat thiophoephoryl chloride, VSCl a , 
reacts with silver nitrate in the cold : iAgN^-hl’SGls^AgjPGi+AgQd-SQs 
+2N0(h-pN i; 0 4l Liquid phosphorous Sulphide with silver nitrate gives an olive^ 
green non-metaUic ]>owder. The notion of soln.. of ammonium arsenite on am- 
moniacal silver nitrate was studied by H. Reekie hen, G. Lockemann, and A. Eckardt; 
and of sodium thioarsenate, Na 3 AaS 4 , by K. Freis and B. Rayman. 

H, Moissan - 7 found that boron precipitates crystals of silver from a aoln, of silver 
nitrate ; C. Winkler, and P. Sabatier obtained a brown precipitate by the action of 
boron hydride* CL Buchner, and T. Poleck and K. Thummel, found silicon hydride 
—SiH 4 or RijjHfi-precipitates silver from a soln. of silver nitrate. N. W. Fischer 28 
found that a mixture of charcoal and silver nitrate takes fire without detonation 
when struck with a hammer. If a piece of charcoal be allowed to stand In an aq. 
soln. of silver nitrate for a Ion# time, its surface becomes studded with bright spangles 
of silver. J. Percy, M. Lazowsky, C. F. Chandler, said that the reduction is probably 
due to the hydrogen of the charcoal, for when the charcoal has been strongly heated, 
there is but a slight separation of the metal M. Lazowsky added : ££ The parts 
of the t liareoal oil which certain metals are preferentially deposited are the extremi¬ 
ties, whilst other metals cover equally all the surface of the reducing body ; at other 
times the metal appears in very brilliant crystals disseminated on the periphery of 
the charcoal," L r F. Bock says that C0&1 docs not precipitate silver from boiling 
soln. of silver nitrate, (L Gore could detect no reaction when a mixture of carbon 
monoxide ami carbon dioxide is passed into a soln. of silver nitrate, hut coal BBS 
gives a precipitate after acting about 14 days, and, according to A. Vogel and 
(j. lbuschauer, the minute crystals which am deposited behave like silver acetylido 

(v^b 

The action of the metals bn soln. of silver nitrate has been discussed in con¬ 
nection with the metallic precipitation of silver ’ likewise also the action of cuprous, 
ferrous, stannous, and manganous salts ; cuprous oxido and sulphide ; brown silver 
oxide is precipitated from soln. of silver nitrate by potassium and sodium hydroxide: 
2AgNGj-]-2KOH^2KNO ;S |-H a O-j Ag^O ; the precipitate is insoluble in an excess 
of the precipitant, hut readily soluble in nitric arid and ammonia. The ammoniacal 
soln., on standing, deposits black fulminating silver, Ag^NH^/L According to 
W. Biltz and F. 2immerman, 2y the freshly prepared hydroxides of beryllium, 
aluminium, indium, zirconium, tin{ic), antimony, and bismuth have no action 
on “/V-AgNOs ; while magnesium hydroxide is coloured brownish-yellow. Bine 
hydroxide, dark brown, cadmium hydroxide* brownish-ydlow, and lead 
hydroxide* violet-brown, owing to the absorption of silver oxide, AguO, According 
tu O. Tamiliann, and V. Kohlachutter and A. d’Almendra, a soln. of silver nitrate 
acidified with acetic acid deposits a film of silver in contact with zinc oxide* 
mercuric oxide* bismuth oxide, lead oxide* hut not with acidic oxide*, like silica 
or stannic oxide. 

Wliite silver carbonate is precipitated when sodium carbonate is added to a soln. 
of silver nitrate: 2AgN0 a +Na J! C0 3 =2NaNQ 3 -lAg JJ C0^ \ and when the mixture 
is boiled the silver carbonate becomes yellow owing to a slight decomposition : 
Ag 2 CO^=Ag s o+CQ 2 j ammonium carbonate produces the same precipitate which 
is soluble in an excess of the precipitant. According to M. Grager, the addition of a 
cream-like slip of caldum carbonate to an aq. soln. of silver and cupric nitrates so 
long as effervescence ensues, at 70°, results in the precipitation of the whole of the 
copper as green carbonate while thu silver remains in soln. R, Giie&sbach studied 
the equilibria between silver nitrate and sodium, barium, or lanthanum acetate. 

According to C, de Filifere, 3 ® crystals of silver nitrate wrapped up in paper arc 



474 


INORGANIC AND THEORETICAL CHEMISTRY 


gradually reduced to silver N. W. Fischer found that alcohol under the influence 
of light slowly reduces silver nitrate ■ sugar reduce* it more rapidly; Starch and 
' gum act in a similar way, A. Vogel found sugar gives a mixture of silver and silver 
oxide. E. Salkowsky says that cane sugar does not reduce aq. or ammoniacal solm, 
but it does readily if some alkali hydroxide bo present. Count Rumford found that 
ether and volatile oils reduce silver nitrate rapidly in light, or at the boiling temp. 
R, Braudes and L. Reunann have studied the oxidhsing action of silver nitrate on 
organic compounds ; R. E. Lieacgang, the action of silver nitrate on photographic 
developers ; and A, Naum&nn* the reactions of silver nitrate in non-aq, soln*— 
pyridine, acetone, etc. Silver nitrate forms complexes with ammonia aspara- 
gine> carbamide, urethane, leucine, and other ammino-derivatives (N. Castoro); 
with aldehyde (A. Reyohler) , etc. According to N. Dhar, silver nitrate undergoes 
ft practically no reduction ” when boiled with organic adds—malic, tartaric, citric, 
malcnic, and lactic acid—but in the presence of an oxidising agent like potassium 
permanganate reduction quickly occurs* 

Silver nitrate has* a bitter metallic taste. Dil. nuhi. of the aaJt have an antiseptic action. 81 
Id inter the designation, lunar caustic, silver nitrate has long been used as one of the host 
caustics where a limited action is required on any particular part, and an extensive deep 
action is not required— e.y, warty, bitoe, etc. A dil, aq. fiehi. i» also used as a lotion on 
account of its combining an irritant stimulating effect with an astringent action. It is 
not used no much for internal application as was formerly the cose, although it is uaud in 
eliecking severe diarrluea. Long continued uao may cause blackening of the lips, inside 
tlie cheeks, gums, nostrils, oyolkte* and later the skin-argyria, The coloration is thought 
to ho duo to the deposition of minute granules of metallic tuJ ver in the parts affected. 
Chronic silver poisoning is accompanied by many oi tho symptoms characteristic of lead 
poisoning. Acute silver poisoning is accompanied by severe vomiting and convulsions. 8 * 
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§ 22, Silver AnuninodiitnitCB: Dooblo or Complex Nitrates 

Three silver ammino-Ditratoe have hcen reported vith AgNO^: NHg as 111, 
1 ; 2, and 1 : 3* The existence of stiver rmmmmifu>-nitraie was reported hy A, Rey- 
chler 1 in 1883 as being obtained by treating a soln. of silver nitrate ’with aq. ammonia 
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until a precipitate appeared, and evaporating the filtrate on a water-bath. A T Joan- 
nis and M. Crosier also reported the formation of this salt, but 'W. Kurilofi showed 
J that Rey chiefs salt is a solid soln. of silver nitrate and diammino-nitrate. This 
view was later accepted by A. Reychler, According to H. Rose, dry silvor nitrate 
rapidly absorbs ammonia gas, at the same time the rise of temp, may suffice to fuse 
the salt. The analysis of the white mass so obtained corresponded approximately 
with that required for silver triwnmino-nitrate , AgN(^ r 3HJd 3 , II, Lay and G, Wieg- 
ner, and W. Peters studied this reaction. The product is completely soluble in water. 
When heated to a higher temp,, ammonia is given off. According to A. Joannis 
ami M. Croizior, the salt dissociates at about 63° under normal press. ; and it is very 
soluble in Liquid ammonia below —10°. 

0. G. Mitscherlich found that crystals of an ammino-salt are readily separated 
from an aq. soln. of silver nitrate supersaturated with ammonia; their analysis 
corresponded with silver diammino-nitrate, Ag(NH 3 ) 2 NQa. G. Wetzlar showed 
that the first drop of ammonia added to a soln. of silver nitrate produces no pre¬ 
cipitate but it renders the liquid alkaline, without imparting to it the smell of 
ummonia, A soln. supersaturated with ammonia gives off the excess on evaporation 
and deposits crystals of this salt; and lie obtained the same compound by dissolving 
silver oxide in a soln. of ammonium nitrate, or, according to H, N. Draper, in an 
aminonioral soln. of ammonia nitrate. N. Castoro obtained crystals of the salt by 
adding absolute alcohol to a cone, ummoniacal soln. of silver nitrate, or an amor¬ 
phous precipitate by adding ether. A. Hantzsch precipitated silver diammino- 
nitrate by passing ammonia into a benzonitrile soln, of silver nitrate. 

According to J. C. G. de Marignac, and C. F, Rammelsberg, the crystals belong 
to the rhombic system, and they have the axial ratios a: b : c=0'7f>67 :1:0‘594fi. 

C. G. Mitscherlich noticed the crystals blacken in light. H. N. Draper said that the 
crystals are stable in air, while N. Castoro found them to turn brown rapidly when 
exposed to air, owing to the separation of silver, hut if suspended in alcohol, they 
can be preserved some days. According to R. Kane, and H. Iff, Draper, the salt melts 
when heated, losing nitrogen, ammonia, and ammonium nitrate, and leaving behind 
metallic silver. J. C. G. do Marignac said the crystals do not lose in weight when 
heated to 100°, but A. Joannis and M. Croizier found them to dissociate irregularly 
at about 170°. M. Berfchelot and M. Delepbo found the heat of formation from 
a mol of silver nitrate in two litres of water and two niolsof ammonia in two litres, 
forming AgNO^.i2NH 3 aq. is 12'25 Cals. G. Brum and G. Levi gave the heat of 
formation (AgN0 3 , SNH^)—33 64 Gala., in sob,, 12 68 Cals.; and the heat of soln. 
per mol as —$ 05 Cals. As C. G, Mitscherlich first observed, the crystals are soluble 
in water. A. Reyehler investigated the electrical conductivity and lowering of the 
f.p. of ammoniacal soln. of silver nitrate—vide silver hydroxide. Y. Kohlschiittor 
and E. Fischmann measured the potential difference of aiumoniacal sob. against 
aq. sob. of silver nitrate. A, A. Blanchard measured the viscosity of these soln. 

D. Konowaloff found the solubility of ammonia in aq. sob. of silver nitrate, and 
A. B. Prescott noted that approximately two mols of ammonia are required for the 
sob. of a mol of silver nitrate in aq. ammonia, and W. Herz studied the same re¬ 
action. W. Kuriloff reported alcohol dissolves 0 0383 mol of silver diammino* 
nitrate per litre. 

The aq. sob. of silver diammmo-nitrate was reported by G. Wetzlar to have an 
alkaline reaction. C. Welfcrien found hydrogen peroxide reduces a cone, sob. of 
the salt, forming white granular silver, The complex silver diammmo-nitrate 
dissociates to some extent in aq. sob., and accordingly it was found by N, Cast-ore 
to give a white precipitate of silver chbride with chlorides, and also Nessler’s reaction. 
F. W, Schmidt jbund that a very dil. aq. sob, of iodine gives a white 0occulent 
precipitate of silver hypoiodite, which when dried becomes yellow owing to the 
formation of silver iodide ; an alcoholic sob, of iodine forma silver tri-iodide. Ac¬ 
cording to H. Debus, the pentathionates give an intense biown coloration and 
silver sulphide is slowly precipitated; the trithionates and tetrathionates, dil. sob. 
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of ammonium sulphite, or potassium thiosulphate have no action, J\ J, Berzelius 
found phosphorous sulphide precipitated silver sulphide. N. W. Fischer found that 
silver is quickly and completely reduced from the ammoniacal soln, of the nitrate 
hy zinc, cadmium, copper, and arsenic ; slowly by cobalt, mercury, and antimony ; 
and not at all by iron, manganese, nickel, or bismuth. H. Recklebon, <4. Lockcmann, 
and A, Eckhardt found that when boiled with arsenic, silver is quantitatively pre¬ 
cipitated; tiro action of > arsine on ammoniacal soln. of silver nitrate has been 
previously discussed. "Wool and silk were found by L. Cramer to be stained a deep 
brown by ammoniacal soln. of silver nitrate. Ethyl iodide was found by A. Reychler 
to react: Ag(NH 3 ) 2 N(VbC 2 HGl=AgI+(^H fi N()^-f 2 NFT as and this behaviour is said 
to be incompatible with the view that the diammino-nitrato is an argentoammonium 
nitrate. Q. Brum and G. Levi prepared silver triammuio-ilitrate, A^NH^NGg, 
and found the heat of formation {AgNQa, 3NHa)=4294 Oak, and the mol, heat 
of soln., —10 44 Cals. It is assumed that only the diammines exist in soln., and that 
the triamminca, which exhibit considerable heats of formation in the solid state, 
are completely decomposed in soln. into the corresponding diamunnos and ammonia. 
Measurements of the e.m.f. indicate the existence in soln. of tho complex 
and of this alone. 


W. J. Russell and N. 9. Maskelync s prepared crystals of ammonium silver 
mtrate, NH.jNO^AgNCk by evaporating a soln, containing eq. proportions of the 


component salts, A. Ditte also 
made the crystals in an analo¬ 
gous manner, J\ W. Rctgors 

says the rectangular or six- 
sided plates so formed arc 
biaxial, and probably belong to 
tho rhombic system. The 

crystals arc very hygroscopic, 
and fuse at 97°. j, von 2a- 
wadsky, and F, Flawitzky have 
studied the f.p. curves of mix¬ 
tures of the two salts. The 
results arc shown in Fig. 26. 
The transition points of the 

fo ur different fo rms of am¬ 

monium nitrate complicate the 
diagram. The region of sta¬ 
bility of the double salts is 



represented by the portion AB. 
F. A. H. Schreincmakers and 


Km, J3U. —lAmiun Curves of the Binary System, 
AgtfOj—NH*NO, (J. von Zawndsky), 


W. C. de Boat studied tho 


ternary systems H 2 0—NH 4 NO 3 —AgNO^ and C 2 H 6 OH—NH^NOar-AgNO^, as 
well as the quaternary system, H 2 0 —C a H fl OH—AgNOg—NH 4 NQ S ; and 
J. W. Retgers investigated mixed crystals of the component salts, F, A, H, Schreine- 
makers and W, C, do Baat's diagram is shown in Fig, 27. The region HMZ 
includes cubic ammonium nitrate; 6LSMH, rhomhohedral ammonium nitrate; 
FKLO and AOKF respectively, a-rhombic and 0 -rhombic ammonium nitrate; 
GKLSRDj the double-salt AgNOj.NHiNQaj PNX, rhomhohedral silver nitrate; 
and BDRPN, rhombic silver nitrate. The linos represent the corresponding two- 
phase system, and the points of intersection of three cmves represent three-phase 
systems. The curve BDCA is a solubility curve at 30°, the other regions arc 
diagrammatic for temp, ranging up to the m.p. of the respective salts. 

Neither A, Ditto ® nor W. J. Russell and N. 9. Maskelyne could obtaiA crystals 
of a lithium silver nitrate by the evaporation of mixed soln. of tho component salts. 
The mixed crystals show iso dimorphism. H. Rose evaporated a jGuxed soln. of 
sodium and silver nitrates and obtained first rhombic crystals of the latter and then 
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rhombic crystals of the radium salt. Mixed crystals of fcho two salts can be formed 
but no double salt, iwfrum silver nitrate , According to G. Tammann, mixed crystals 
of silver and sodium nitrates, prepared by slow cooling of the molten salts, give up 
more silver nitrate to a sat, solii. of sodium nitrate than mixed crystals prepared by 
slowly cooling a soln, of the two salts fn aq. alcohol. W. J. Russell and N. 8. Maske- 
lyne, J, W. Retgcrs, A, Dittc, and E. Mauuicno have also studied the subject, 

D, J. Hissinjr found the m.p. of mix- 
zf J teres of the two salts steadily rise from 

/\ that of pure silver nitrate to that of 

h / — radium nitrate, as illustrated by the 
A A- curves. Fig. 28. There are two scries 

/ \X/\ of mixed crystals. The series with 

A 7\ silver nitrate predominating have a 

/ \>y \ / \s transition temp, from hexagonal (higher 

.- Y temp.) to rhombic (lower temp.) be* 

/ YY \ tween 161 & and 138°; the series with 

/ . . A 1 the sodium salt predominant are 

/\ /\w"/T f\ i/\ rhoinbohedraL Mixed crystals a and 

A \/ h/ K/ Y\P A P with predominating silver nitrate 

^ A f \\\~ “~ and a* with sodium nitrate predoim- 

Fin. 27.—Ternary System, natin o °. ccut ** shown in the diagram, 

NHiN'0. l —AgXOa—H a O (Diagrammatic). The region between the liquidus and 

solidus curves corresponds with Rooze- 
boonTs type IV. N, S, Kurnakoff and P. P. Eiler 4 have studied the f.p, of 
mixtures of the two salts. A. Benrath investigated the electrical conductivity of 
the mixtures. 

According to H. Rose, silver and potassium nitrates crystallize together from 
aq. soln, in all proportions; if but a small proportion of silver nitrate is present, 

pure potassium nitrate separates 


I 1 



Tmt-t-n- 

O 10 10 30 10 59 60 70 

f0Q Jfl, 50 7Q SO 59 10 JO 

ffot per cent 


Fiu. 28,—Fusion Curves of the Binary System, 
NaNO,—AgNDj (D + J, Hiaeiiik). 


from the rain.; if a large propor¬ 
tion of the silver salt is present, 
crystals of the form of potassium 
nitrate containing the silver salt 
are obtained. J. W. Rctgcrs, how¬ 
ever, did not succeed in getting 
mixed crystals of the two salts in 
nArtfQ proportions—up to 0 3 per cent. 

J of potassium nitrate from mixed 
crystals of the potassium nitrate 
type ; and up to 0 5 per cent, of 
/MfWj silver nitrate from crystals of the 
silver nitrate type. By evaporat¬ 
ing soln. with an excess of 
silver nitrate, W, J. Russell and 
N. S. Maskclyne obtained crystals 
of the double salt, potassium silver 
nitrate, KNQg.AgNC^ ; if the solo, 
contains equi-molecular propor- 
^ESipj tions of the component salts, 
potassium nitrate alone crystallizes 
stem, out; and, according to A. Ditte, 
when the soln* has 3 mols of 


so mAttfOi 

to 


silver nitrate to one of the 
potassium salt, the double salt is obtained, P. Friedknder, and J. W. Returns 
found the crystals of the double salt belong to the monoclinic system, with axial 
ratios a i b : £=^'8200 : 1: 0 h 6&63, and /J=&7° 47 y , J. W, Retgers gives 3*219 for 
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the sp. gr.; and at 125° for tho m,p.,but A. UseofiE flays tho double salt hae not a 
well-defined m.p, J. G, L, Stern found silver nitrate to be but feebly ionized in 
eoln. in molten potassium nitrate. N. 8. Kumakofi and P. P, Eiler, and A, Ussofi 
studied the f.p. of mixtures of the 
component salts; E. Maumeno the 
m.p.; L. Poincares the electrical 
conductivity; and L> J, Spencer, 

B, Uossuer, and J. W. Ritgers, tho 
crystallographic relations of the 
mixed crystals. A. Ussoff a curves 
arc shown in Pig. 20, where AD is 
the m.p. curve of silver nitrate 
with additions of increasing amounts 
of potassium nitrate; at G> a-AgNGj 
passes on cooling to tho jS-salt; 

BE is the m,p. curve of the double 
salt but there is no hylotropic m.p.; 

E upwards is the m.p. curve of 
potassium nitrate with decreasing 
proportions of the silver salt. E ia 
il transformation point; D is a 
eutectic. K. A. H. Hehreiiiemakers 
lias studied the ternary systeins, 

KN O3- -AgNGj—II a 0 at 30°; and 

K N 0;*—AgN0 3 - 0 a 11 & OH at 30* ; M percent. 

as well as the quaternary system, Fro, 2&- Fusion Curves of (be Binary Sy&tcin, 
KNO.J—AgNfV-liN0—f ^HrjOH at KNO,-AgNO a [A. UasofT). 

the same temp. 

A. Ditto j ire pared line crystals of rubidium silver nitrate, RbN0 3 .A^N0 3 , and of 
caesium silver nitrate, CsNQj.AgNO^, analogous to the corresponding potassium 
salt. P. Sabatier re period the formation of microscopic needles of a basic cupric 
silver nitrate, SCuO.AgaO.NaO^.aHaO, or aCutOHJ^.aAgNQj,, by tho action 
of silver oxide on a soln. of cupric nitrate, or of cupric hydroxide on a soln, of silver 
nitrate. 
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§ 23, Silver Peroxynitrate and Peroxysulphate 

In 18U4, J. W, Ritter 1 observed that a black crystalline deposit is formed on 
the anode when an aq* soln. of silver nitrate is electrolyzed between platinum 
electrodes. A silver cathode and platinum anode may be used. During the electro¬ 
lysis, silver is deposited on the cathode and the black crystals on the anode, and 
there is a simultaneous formation of nitric acid. Both solid deposits are crystalline, 
and grow rapidly towards one another in arborescent crystals, so that the anode 
deposit, aa F* Mahla, and M. J, Brown have observed, is a good electrical conductor* 

O. tSulu recommended using a platinum ditdi a*a cathode and ua anodEs a pieutj of platinum 
foil cut m the form of a comb and rolled up. A 16 jier cent, solo, of silver nitrate wau used 
os electrolyte, with a current of U Ob amp. and a current demdty at the cathode of 0 0033 
amp. per aq. cm. The electrolysis continued 3-4 hra, when the soln. became contaminated 
with about 4 per cent, of free nitric acid. The electi-olyte wan tlien renewed, end the 
elect roly di# continued* The crystal]me deposit on the anode was brushed off with a glaaa 
rod, and washed with water until the iimmu^d gave no opaleueenco with hydrochloric acid. 
The product was dried over calciiun chloride. 


M. J. Brown showed that the losses due to thu decomposition of the black crystals 
breaking away from the anode is avoided if the crystals are kept in electrical contact 
with the anode, for the crystals are not then attacked by the nitric acid simultane¬ 
ously formed; E. Mulder and J. Heringn* and E. R. Watson found that the 
product is the same when soln. of different cone. (5 to 15 per cent.) are electro¬ 
lyzed, and when the current varies from 013 to 112 amp., and the current 
density varies from 0 015 to 0 14 amp. per sq. cm. V. Novak, 0. KiihUng, 
S. Tanatar, R, liottgar, and others have likewise prepared the same product. 
According to H. C. V. Weber, the soln. of silver nitrate being electrolyzed contains 
1&-26 per cent, of nitric acid, there is no deposit, but a brown soln, is formed* 
According to E. Wallquist, the deposit forms block octohedra united in a series 
of prisms and needles, and, according to 0, J, D. von Grot thug, the crystals arc 
tetrahedra. According to F* Mahla, the sp* gr, of the crystals is 5'474, and 
according to 0. Sulc, 5'65. 

The black deposit waH thought to be a peroxide, Ag 2 G 2 , and E. Wallquist's 
analyses (1842) corresponded with this assumption. N. W. Fischer, however, 
showed that the product always contains nitric acid, and that the analogous product 
obtained by the electrolysis of silver sulphate also contains sulphuric acid; while the 
electrolysis of silver hypophosphate, or of silver acetate, does not yield the peroxi- 
dized product, N, W. Fischer's analysis (1842) corresponded with AgtOf.AgNO^, 
or with 2Ag E 0 2 .AgN0^.H 2 0; F. Mahla's (1852) with DAg^Oa-SAgNO^.I^O; M* Ber- 
thelot's (1881) with 4Ag £ 0^*2AgNQ s .H a O; W, Hampers (1890) with Ag 2 Qa.2AgNGg; 
and 0. Sulo’s (1896), 3Ag4O A .2AgN0>a, E. Mulder and J. Seringa's analysis 
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(1896) gave 3Ag a 0 2 .AgN0 a , or 2Aga04,AgN0a, which is eq, to Ag 7 NOn ; S. Tana- 
tar (1901) } 0, Sulc (1900)) E. R. Watson (1906), M. J. Brown (1916)) obtained similar 
results. 

While these workers consider that silver nitrate is an essential constituent of 
the product, others like E. Wallquist believe that silver nitrate is either adsorbed 
or in solid soln. with silver peroxide. Indeed, M. Bose made no analysis of her 
products because she considered it impossible to get accurate results, and added : 

When one remembers how many chemically prepared compounds can be washed five 
from tha adhering mother liquid only with great difficulty* and how often crystals contain 
enclosed mother liquid, it ie net surprising that the crystals, formed by etactrolyeiB emd 
precipitated very rapidly, should contain some of the bo In. in which they grow. 

She obtained only one break in the current-voltage curve for a soln. of silver nitrate 
or silver sulphate-in the former case 1573 volts, and 153 in the latter—and 
considered that the two values ore the same, and hence concluded that the precipitate 
is the same and consequently cannot contain either silver nitrate or silver sulphate. 
As a matter of fact, the difference between 1573 and 153 volts is nothing like os 
Urge as the changes found by J. A. Wilkinson and H. W. Grillett in the decom¬ 
position voltage of soln. of silver nitrate of varying cone, and with varying amounts 
of nitric acid. R. Luther and F. Pokorny also determined the voltage-current curve 
of a silver anode in soln. of sodium hydroxide, and they obtained one break corre¬ 
sponding with silver oxide, Ag a 0, and another with silver peroxide, Ag fl O s . They 
prepared E. Mulder’s peroxynitrate and peroxysulphate, washed them with a dil, 
aolm of sodium hydroxide, and reduced them at constant current in tf-NaOH 
soln. They obtained three definite potentials, P57, 1 41, and 117 volts, and they 
believe that these correspond respectively with Ag 2 t^, Ag 2 O a , and Ag 2 G. Similar 
results were obtained with both tlic peroxynitratea and peroxysulpkates, and hence 
the same conclusion was drawn that neither silver sulphate nor silver nitrate is an 
integral part of the compound, which is therefore an impure silver oxide, Ag B Q^ 
B. Brauner and B. Kuzma (1907) likewise believe the compound to be silver peroxide, 
or AgsjG.AgsQa ; and G. Baborovsky and B, Kuzma (1909), Ag 3 0 4 . 

0. Sale’s investigations on the action of heat and oxidizing properties [vide infra ); 
E. R. Watson’s observation that a definite crystalline product is obtained by varying 
the current density and cone, of the soln. \ and M. J. Brown’s woik on the coulometer 
ratio of the compound to copper, show that the deposit is probably impure 
(Ag 3 0 4 ) 2 AgNQ 3 . In the latter case it was found that no silver peroxide or hydrated 
oxide can give the observed ratio of silver contents of anode deposit to copper 
deposited in the coulometer. The values calculated for (AggOJ^AgNOij agree with 
the observed. It required ten farads to precipitate a mol of Ag ? NO n , For some 
soln. the low valued of the coulometer ratio may be explained by the possible 
presence of AgsOg.AgNQ) or (Ag^0 4 ) 2 .H 2 0 ; or to the dissolution of the anode 
deposit. H. C. P. Weber suggested two probable formulas for the oxido part of 
the salt—Ag 2 Ag0 4 analogous to red lead, and Ag(Ag0 2 ) a analogous to magnetic 
oxide of iron—but transference experiments show that one-third the silver is 
cathodic and bivalent, and two-thirds is anodic and tervalent. This leads to 
the formula Ag(AgG 2 ) 2 , making the oxido portion of the peroxynitrate to be the 
silver salt of an unstable argentic acid* HAgQ a . 

According to E. Wallquist, the product decrepitates in the dame of a candle ; 
and, according to N. W. Fischer, the product obtained with silver sulphate does not 
decrepitate in the flame of a candle. When the dried product is heated gently in a 
flask, it gives off nitrous fumes, and cold water extracts silver nitrate from the 
residue. According to F, Mohla, it loses oxygen at 110*, leaving a residue of silver 
and silver nitrate; M* Sohucht says that the crystals detonate feebly at 110° with 
the evolution of oxygen. The speed of decomposition is moderate at 60°, but rapid 
between 9Q a and 100°. W. Hampe also records the spontaneous explosion of a sealed 
tube containing this product. At lB0°-160 o , 0, Buie found that oxygen is given off 
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and. a dark brown voluminous powder is formed ; when heated to redness, reddish- 
brown fumes are evolved, and metallic silver remains, M, Berthelot says that the 
crystals are not stable at ordinary temp., but 0, Sule found them to be fairly stable 
in air, and to decompose only after keeping them some months. JS. Mulder and 
J. Heringa, E. R. Watson, and 0, Sulc found oxygen to be evolved in the proportion 
corresponding to the equation ; 2Ag 7 NO n =2(3Ag 2 O*AgNOb)-|-&0j ! . They believed 
that three out of the five atoms of oxygen liberated per mol of Ag 7 NO n are different 
from the other two because only these three take part in die reaction with ammonia 
anti probably oxalic acid ; and it is probably these three atoms which give the 
substance the properties of a peroxide as evidenced by the energetic oxidizing 
properties. The powdered crystals arc slowly decomposed when in contact with 
watff at ordinary temp, with the evolution of oxygen. The change is completed 
in an hour when the water is boiled, and a greyish-black powder of silver peroxide, 
Ag^Qa, of sp. gr. 7 44, remains : Ag 7 NO i;i —AgNO^-f 3Ag a 0 2 -J-0 2 . According to 
0, Sulc, the salt is decomposed very slowly by water at ordinary temp, and silver 
nitrate passes into soln.; but when boiled with water for about 36 hrs. silver is 
deposited as a mirror on the flask. 

F, Maljla observed no action when hydrogen is passed over the cold salt, but 
when heated, a feeble explosion occurs and the aalt is reduced. It, Bottger also 
noted that hydrogen sulphide is inHamed by the salt ■ and when triturated with 
antimony pentasulphide inflammation occurs. C. J. D. von (jrotthus says that 
the compound detonates when struck in contact with sulphur or phosphorus. Ac¬ 
cording to H. Rose, and E. R. Watson, cone, sulphuric acid forma a greenish-black 
or olive-green soln, which slowly decomposes at ordinary temp., and the oxygen 
which in evolved smells of ozone ; N. W. Fischer, E. Wallcjuist, and F, Mahla also 
noted that oxygen is evolved when the wait is treated with sulphuric acid, ami like¬ 
wise also with phosphoric acid -with syrupy phosphoric acid, H, Rose noted that 
the product is not dissolved at ordinary temp,, but when wanned a colourless liquid 
is formed with the evolution of oxygen. N. W. Fischer said that the salt dissolves 
unchanged in nitric ftCid ; and F. Mahla obtained a port-wine coloured liquid with 
nitric acid of asp.gr. 1*2, and the soln. became colourless with the evolution of oxygen 
when warmed. With cold cone, nitric acid, E. R, Watson obtained a brown soln,, 
which cunnot be distinguished from the soln. obtained similarly with silver peroxide* 
It is assumed that the coloured soln, contains silver peroxynitrale in the ease of nitric 
acid, and silver 'perozysulphatti in the case of sulphuric acid. The presence of salts 
is the cause of the coloration. These peroxy-s&lts gradually decompose at ordi¬ 
nary temp., more quickly when heated ; or when diluted with water. No hydrogen 
peroxide has been detected during the decomposition. E. R. Watson found the rate 
of decomposition of the coloured nitric acid soln. is proportional to the cone. % of 
the coloured salt, or d$jdl—kx. This docs not agree with, the assumption that the 
coloured compound is AgfNOaJa, although the formula [Ag(NQ 3 ) 2 ] 4 satisfies the 
condition that the decomposition is a urnmoleeular reaction: Ag 4 (NQj)a+ 2 H 2 G 
=4AgN0j |-4NHO a -h^ i the same condition is satisfied by Ago(N0 4 ) 2 - ^AgNCtj 
H-0 2 , Attempts to isolate the peroxy-aalts have not been successful. G. A. Bar- 
bicri believes the bruwn nitric acid soln. of silver peroxynitrate, like that of silver 
peroxide, contains silver dinilrtste, A^NO^, with silver bivalent. 

Silver peroxy nitrate, said J. W. Ritter, is converted by hydrochloric add into 
silver chloride with the evolution of chlorine ; A* J* Balard found that with hypo- 
chlorous add, silver chloride, oxygen, and a little chlorine are formed. N, W* Fischor 
and B. Tanatar say that a cold soln. of sodium chloride has no action, but a boiling 
soln* gives off a gas, and forms silver chloride and sodium hydroxide ; the last- 
named also found that a soln* of potassium iodide forms silver iodide and potassium 
iodatc. N, W. Fischer also found that with ammonium chloride soln., a gas is 
evolved and silver chloride is formed—partly in. soln. and paridy precipitated* 
H* Rose said that if the nitric add sob. be poured into a dil soln. of potassium 
hydroxide! an alkali peroxide and yellowish-brown silver oxide are formed; with 
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sodium carbonate, sodium phosphate, or potassium chromate, precipitate of silver 
carbonate, phosphate, or chromate are respectively produced. 0. Kiihliug found 
that manganous salts arc converted into permanganates. According to 0. J. D, von 
Grotthuss, and 0. Sulc, the salt dissolves in aq, ammonia and is completely decom¬ 
posed with the evolution of nitrogen, and the formation of silver ammino-oxido ; and, 
according to 0. Sulc, two mols of ammonia are oxidized by three of the oxygen 
atomw of the peroxynitrate, Ag 7 NO n , H* Rose says that when the nitric acid soln. 
of the salt is dropped into very dih aq. ammonia, a peroxide in first formed, and this 
soon passes into soln, R. Kempf has shown that silver peroxynitrate acts as an 
oxidizing agent on organic compounds. F. Mahla and 0, Sulc found that it is 
completely decomposed by oxalic acid with the evolution of carbon dioxide ; alcohol 
is converted into aldehyde with the simultaneous deposition of a silver mirror; 
oil ol Cloves, and similar compounds, are inflamed (R. BdttgeT), and it is decom¬ 
posed by filter paper (E, R. Watson). 
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§ 24. Silver Phosphates 

According to G. Wetalar, 1 silver oxide reacts with an aq. aoln. of phosphoric 
acid or disodinm hydrophoaplmte, forming normal silver orthophosphate, AgaRC^; * 
and, according to J. J. Berzelius and B. MitHcbcrlich, the same salt is pirseipitated 
when diammonium, dipotassium, or disodium hydro|ihospliate is added to a soln. 
of silver nitrate, and the supernatant liquid contains free nitric acid ; hut, according 
to T. Graham, the liquor is neutral if normal sodium orthophosphate be employed 
as precipitant; NaflFOi-E'^AgNC^^SNaNQj-j-ApaPO^ In ail cases also, 
T* Graham found that the precipitate carries down a little silver nitrate which 
cannot be completely removed by washing, and consequently nitrous fumes are 
evolved when the salt is heated. It was also remarked that sparingly soluble 
orthophosphates— e.g, the calcium or magnesium salts—arc coloured yellow whan 
moistened with a soln. of silver nitrate owing to the formation of silver phosphate. 

It is not feasible to purify normal silver orthophosphate by recrystallization, and 
the conditions of precipitation must be so chosen that a pure product ia obtained 
at once, G, P. Baxter and G, Jones did not obtain satisfactory results with 
disodium ammonium phosphate or with trisodium phosphate as precipitant, but the 
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precipitates with disodium hydrophosphate, disodiiun ammonium phosphate, and 
sodium ammonium hydrbphosphate had very nearly the same composition. 

A 0 3jV-sqIti. of one of these salts was slowly poured into a 0 + 3tf*«olu. of silver nitrate- 
the precipitate was washed by decantation with water and allowed to stand in contact with 
water for 24 hrs. in order to allow all soluble matters to bo leached cut. The precipitate 
was drained in a centrifugal machine, and then dried in a current of air for several 
hears, first at 90° and then at 100°. All tho operation* were conducted in a dark room. 
The excess of silver in soln, prevents the none, of the phasplfate from exceeding a small 
value, and the soln. can neither become alkaline by hydrolysis, nor dissolve an appreciable 
amount oi ncid phosphate. The addition also prevents the formation or occlusion of acid 
phosphate*. 

F. Stroinoyer found the suit contained no water, J. J. Berzelius observed about 
half per cent,, and G. P. Baxter and (1 Jones ascertained that the salt can be com¬ 
pletely dried, without fusion, by heating it to about 400° in a current of dry air 
for about 7 W 

The reaction between disodium orthophosphate and silver nitrate is usually 
represented * Na 2 HP0 < H-3AgNO 3 -Ag 3 PO 4 -h2NaNO a -{ HN0 3 , but W, Ostwald 
gave 2 Na 3 HP 0 i+ 3 AgN 0 3 ™Ag a P 04 +NiiH 2 PQ i d- 3 NaN 0 3 as more in accord 
with observations, but added that “it no doubt fails to express all that goes 
on.” W, R. Lang and W, P. Kaufmann liave shown that the reaction takes 
place in several distinct stages : Na 2 HPO t -(-AgNO^H-HNO a = 2 NaNO^d-AgH 1 ;P 04 ; 
AgHsPOj+AgNOfe-AgsHFOi+HNQs; and Ag 2 HP0 4 -f AgNO a --■=■ Ag 3 F0 4 +HN(V 
The filtrate contains both phosphoric and nitric acids, and this is accounted 
for by the equation, 4 Na 2 HP 0 4 + 9 AgN 0 a =- 3 Ag 3 P 0 4 +&NflN 0 J +HNQ 3 +H 3 P 04 . 
The composition of the precipitate approaches that of A^P0 4 , but more usually is 
nearer Ag 3 H(P0 4 ) 2 , or Ag s P0 4 +Ag 2 HP0 4 , According to M. Berthelot, when 
disodium hydiophosphate is employed os precipitant, the normal silver phosphate 
is contaminated with the disilver orthophosphate, and a double silver disodium 
orthophosphate. The relative quantities of these three salts in the precipitate is 
determined by the composition of the mother liquid, and the equilibrium conditions 
have been studied by Y. Osaka, 

A. Lottermoser 2 prepared colloidal silver orthophosphate by mixing 0 05 N- 
AgNO a with an excess of OO&N-normal sodium phosphate, or disodium hydro- 
phosphate. C, Paal and F, Voss added silver nitrate to a soln. of disodium 
hydrophosphate and sodium lysalbinate or protalbinate. 

Precipitated silver orthophosphate is a yellow amorphous powder which 
t J* J, Berzelius, and A, Joly found can be recrystallized from orthophosphorio acid 
(38 per cent, P 2 0fi), H, Dufet says tho crystals belong to the cubic system, 

F. Stromeyer found the specific gravity to be 7'321 at 7 5°; G, P, Baxter and 

G. Jones, 6 37 at 2&7^°* The salt becomes reddish-brown when heated, and, 
according to J, J. Berzelius, it melts like silver chloride at a red heat. T. Carnelley 

* places the melting point at about 849°, According to F, Stromeyer, the molten 
salt is coloured dark brown, and, on cooling, solidifies to a yellow mass; if the 
salt be kept fused for a long time, it is partly reduced, and becomes paler and 
more fusible, owing to the formation of the pyrophosphate. The salt blackens 
on exposure to light. Silver orthophosphate is sparingly soluble in water; 
R, Bottger found the solubility in water at 19'3 a to l>e G'5xl0“3 grins, per 
litre. According to J, F, H, Suerseu, the salt dissolves readily in on aq, orlAo- 
phosphoric add. A. Joly observed that the soln, of the salt m phosphoric acid 
with less than 80 per cent. P 3 0$, sat. at 80°, deposits pale yellow crystals of 
normal silver phosphate, AggPO*, on cooling, but if tho soln. contains about 
40 per cent. P 2 0 & , colourless crystals of disilver hydrophosphate, Agj;HPG 4 , are 
produced. According to J. F, H, Suersen, normal silver phosphate is readily 
soluble in nitric add. The soln. in nitric acid yields crystals of silver nitrate. 
J. F. H. Suerscn also found silver phosphate to be readily soluble in acetic add, 
and, according to W, Skey, crystals of the normal phosphate separate from the 
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rain. J. F, H. Suereen also found the normal phosphate to dissolve readily in 
aq. ammonia or ammonium carbonate; it is less readily soluble in an aq. rain, of 
ammonium nitrate or ammonium succinate ; and still less soluble in an aq. sola, of 
ammonium sulphate. 

E. C. Franklin and 0, A. Kraus ascertained that normal silver phosphate is 
insoluble in liquid ammonia; F. Bezold* that it is insoluble in methyl acetate, and 
M> Hamers, in ethyl acetate. 

A. Colson found th&fc hydrogen reduces normal silver phosphate by an irre¬ 
versible reaction! and the speed of absorption is accelerated by a rise of temp, or 
press. J. B. Senderens observed that when boiled with sulphur and water, silver 
sulphide and phosphoric and sulphuric acids arc formed. J. L. Lassaigne found 
that freshly prepared silver phosphate is decomposed when digested with a rain, of 
sodium, calcium, or magnesium chloride, silver chloride being produced. A sole, 
of calcium or magnesium nitrate is not decomposed. 

0. Widmann found that if ammonia gas be parsed over dry normal silver phos¬ 
phate, until the solid has a constant weight, the eq. of three mole of ammonia are 
absorbed per mol of silver phosphate, and A. Roychler found between 3 and 4 mols 
of gas are absorbed. 0, Widmann also reported that if a soln. of normal silver 
phosphate in aq. ammonia be cone, in a desiccator, over quicklime mixed with 
ammonium chloride, colourless prismatic needles of Silver tettfUnmino-ortho- 
phosphate, AgaPQ 4 .4NH 3 , are formed. 0. Widmann found the crystals are rapidly 
coloured yellow on exposure to air, and lose all their ammonia in a desiccator over 
sulphuric acid. Neither A. Reychlor nor A. Tcrrcil could get a product of constant 
composition by this procedure. The latter reported that the rain, rapidly becomes 
brown, and finally deposits a browniah-hlack substance resembling silver fulminate. 

Disilver hydrophosphate, Ag 2 HP0 4 .—J. J. Berzelius found that the evaporation 
of a soln. of normal silver phosphate in phosphoric acid at first deposits the same 
salt, but as the soln. is allowed to evaporate spontaneously, white feathery crystals 
assumed to be disilver hydrophosphate are formed. Similar results were obtained by 
L, Hurtzig and A. Ge other, and A. Joly —vide supra ^-who ascertained the conditions 
under which each salt is produced, J. J. Berzelius also obtained crystals of this 
salt by evaporating at a gentle heat, a mixture of silver nitrate with a largo excess 
of orthophosphoric acid. A. Schwarzunberg did not succeed in preparing crystals 
of this salt by Berzelius 1 process, but he evaporated the rain. of silver phosphate 
in phosphoric acid to a syrupy consistence, and mixed it with ether, much heat 
was evolved, and a white crystalline powder was obtained which after washing 
with absolute alcohol to remove us much adherent phosphoric acid as jjossible, and 
drying at 100°, hod a composition corresponding with disilver hydrophosphate. 
A, Joly found that the salt is not altered by washing with ether, and the excess of 
phosphoric acid can be washed from the crystals by that menstruum. According 
to H. Dufcfc, and 0. Mugge, the colourless prismatic crystals of this &alt belong to 
the hexagonal or trigonal system, and have the axial ratio a i c=l: 0 7297. They 
are quickly reduced by exposure to light. A. Sehwarzenberg found the crystals 
lost no water at 100°, but at 170°, 2 87 per cent, of water was given off, and silver 
pyrophosphate was formed -A. Joly reported that the last-named change occurs 
between 110° and IWf. The crystals are blackened on exposure to light, and 
arc immediately converted into the normal silver phosphate and free phosphoric 
acid by contact with water. Alcohol and ether have no action on the salt. The 
primary salt, silver dthydrophosphaie, AgH 2 P0 4> has not been isolated. 

Normal silver pyrophosphate, Ag^Oj— T, Clark 3 prepared this salt, in 1827* 
by precipitation when a sob. of sodium pyrophosphate is added to one of silver 
nitrate ; the filtrate from the white precipitate is neutral. F. Stromeycr observed 
that if a sob. of silver nitrate be added to a mixture of sodium orthophosphate 
and pyrophosphate, yellow normal silver orthophosphate is first precipitated, and 
afterwards the white pyrophosphate ; and he added that at the first instant of the 
precipitation, white silver pyrophosphate appears to he hydrated but soon parts 
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with the combined water. A* Joly'u and A, Schwarzenberg’s production of this 
salt by heating disodimn hydro-orthophosphate has already been indicated. 

According to F. Stromcyer, the white pulverulent normal silver pyrophosphate 
has a sp. gr. 5 + flG6, and it fuses below a red heat, without decomposition, forming 
a dark-brown liquid, which on cooling solidifies to a white mass of radiating crystals. 
T, Camel ley gave 585° for the m.p, F* Stromcyer added that the salt acquires a 
reddish tint on exposure to light. When silver pyrophosphate is boiled with a soln. 
of disodium hydrophosphatc, It is decomposed into yeilow normal silver ortho¬ 
phosphate, and a soln, of sodium pyrophosphate. The salt is soluble in cold dil, 
nitric acid, but when boiled with either nitric acid or sulphuric acid, it is converted 
into ordinary silver phosphate which is precipitated when the acid is neutralized with 
the alkalies or ammonia ; it is converted by hydrochloric acid into silver rhlorido 
and free phosphoric acid. It readily dissolves in aq. ammonia, and is re-preeipitated 
hy acids ; it is insoluble in acetic acid, and is not affected by boiling water* 
A. Schwaraenberg continued that the salt is slightly soluble in a Bob, of silver 
nitrate, and insoluble in a soln. of the pyrophosphates. 

Disilver dihydropyrophosphate, Ag 3 H 2 P 2 G 7 *—This salt was prepared in 1859 
by L. Hurtzig and A, Gcnther, by heating a soln, of normal silver pyrophosphate 
to 180° for 14 days. The crystals are washed free from the syrupy mother liquid 
first with ether, and then with alcohol. J. Cavalier heated a mixture of 40 grms. 
of normal silver pyrophosphate with 200 grms. of jiyrophosphoric acid until the 
liquid was clear; it was then dissolved in half a litre of water at 0°, and precipitated 
by the addition of alcohol or ether. 

The white crystalline powder softens at I5(i'; melts at *235 Q ; and decomposes 
at 240 D , L, Hurtzig and Genther say that the suit loses 2 19 per cent, of water 
at 225° when it melts to a dirty green glass ; and at a red heat, 1!>5 per cent, more 
water is given off, A. Cavalier found the salt is decomposed by cold water, forming 
pj r ro phosphoric acid and normal silver pyrophosphate ■ it reacts with a soln. of 
disodium hydrophosphatc to form normal silver phosphate and pyrophosphoric 
acid ; and it reacts with alkali iodides to form silver iodide, and the alkyl esters of 
pyrophosphoric acid. L. Hurtzig and A. Geuthor believed that they also obtained 
a compound of silver dihydropyrophosphate with metaphosphorie arid, viz., 
2 Ag 2 H^r a 0 7 .KP0 3 . 

M, Stungc reported the formation of sodium trisilver pyrophosphate, 
NaAgjF^Ovr, with about 0 4 mol part of water by gradually mixing in d ark ness 
a cold sat soln. of 20 parts of normal sodium pyrophosphate, and 50 c.c. of a 2'5 per 
rent soln. of silver nitrate. The white crystals arc washed, and dried on a porous 
tile. They are changed in light, and when heated to drive ofl the water, the crystals 
blacken,and when heated more strongly they decompose into normal silver phosphate 
and sodium metaphosphate. 

Silver dimetaphosphate, Ag^P 2 0((.—T. Fleitmann 4 added an excess of silver 
nitrate to a cone, soln* of alkali dimctapliosphate, and obtained a crystalline pre¬ 
cipitate ; the crystals which separate when a dil, soln, is allowed to stand for some 
time are similar to silver trimeta phosphate, but arc much less soluble in water, 
F, "Warsohauer dropped a soln. of sodium tetramotaphosphate into a If) per cent, 
soln, of silver nitrate, and J. Muller stirred sodium metaphospliato with a cone, 
sob. of silver nitrate at 50*. Silver dimetaphosphate is gradually formed. 
K, Langheld emphasized that those methods of preparation are not free from 
objections. The crystals melt at an incipient red heat, forming a clear glass in¬ 
soluble in water, and which cannot be distinguished from the hexanietaphosphate. 
The air-dried salt does not lose any noteworthy quantity of water when heated 
to redness. The salt is sparingly soluble in water. G, Tammann obtained mono- 
hydrated silver ditftet<ij}hosj}hate f Ag 2 Ps0(j.H 2 0, by adding lithium dwodium mota- 
phosphate or potassium disodium metaphosphate to a soln, of silver nitrate; the same 
salt waa obtained by adding a soln, in hot water of freshly precipitated ammonium 
metaphosphate to an excess of a soln. of silver nitrate. K. Langheld, F. Oppmann, 
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and E. Meyer dissolved 35 grins, of silver nitrate in a little water and poured the 
sola. into one of 20 grins, of sodium dimetaphosphate. The crystallization of the 
salt begins after some time. The octahedral crystals lose their water when exposed 
in vacuo to 150°. 

Silver trimetaphosphate, Ag 3 Pg(V—'T. Fleitmann and W. Henneberg, and 
C. G. Lindbom obtained the anhydrous salt by heating disUverdihydropyrophosphate 
to its m.p. ; and mowohydrated Silver trimetaph&sphate : AgsTgO^HaO, by miring 
the cone. soln. of sodium irimetaphoaphate with silver nitrate. Crystallization sets 
in immediately, and continues some days, C. G, Lindbom recommended a great 
excess of sodium trimetaphosphate, and A, Weislcr used 5 gnus. of sodium tri- 
metapfeosphate and 15 grms. of silver nitrate. The crystals are probably mono- 
clinic, Tf an excess of the sodium salt is used, the crystals are much larger than if 
an exiess of the silver salt is used, but they are then contaminated with up to about 
Li'3 per cent, of soda. The crystals do not lose weight when confined over sulphuric 
acid. The solid does not alter very much in daylight. The hydrated salt loses 
about half its combined water at 100° ; the product absorbs over 3 per cent, of 
moisture from the atm., and this is not lost by re heating the salt to 10U°. When 
the hydrated salt is melted, the loss of water is attended by bubbling. C. G. Lindbom 
found that the clear glass ultimately obtained by fusion is easily soluble in nitric 
acid ; HXJ parts of cold water dissolve 167 parts of the salt. C. G. Lindbom 
found the aq, soln. changes when warmed. The salt is easily soluble in nitric acid, 
and crystallizes from soln, in cone, nitric acid. 

Silver hexametaphosphate, Ag fl P fi O I8 .—J. J. Berzelius made this salt by mixing 
silver nitrate with an aq. soln. of freshly ignited phosphoric acid in icc-cold water. 
The salt separates out in white gelatinous flukes. T. Graham obtained it by 
adding silver nitrate to a soln, of sodium hexnmetaphosphatc—the filtrate was 
noticed by IT, Rose to have an acid reaction. According to H, Liidert, it is l>est made 
by pouring a soln. of the sodium salt slowly and with constant stirring into a soln. 
of silver nitrate containing four times the calculated quantity of that salt. The 
mixture is rapidly washed with a small quantity of cold water, and dried on a porous 
tile. (L Tammsinn used a similar process. T, Fleitmann melted silver oxide with 
an excess of phosphoric acid so as to form a clear glass, and found shining crystalline 
scales of this same salt separate as the mixture cools. 

The white powder prepared by J. J. Berzelius became soft and viscid at 100°; 
and at a rather higher temp,, it fused to a transparent colourless liquid which on 
cooling formed a crystalline mass which shattered to fragments ; cold water extracted 
part of the acid, and boiling water resolved it into an acid soln, and silver tetra- 
phosphate, GAg^OAPiiO^ or Ag n lV) 13 . T. Graham's product dissolved in aq. 
ammonia, in nitric acid, and in a large excess of a soln. of the sodium salt. When 
boiled with water it fuses to a grey viscid mass capable of being drawn out into 
threads. T. Floitmann’s crystals are insoluble in water, and when treated with 
sodium sulphide, they yield ordinary deliquescent sodium hexametaphosphato. 

G. Tammann prepared crystals of sodium pentasilver hexaroetaphosphate, 
NaAg^POata and disodium tefrasilver hexametaphosphate, Na 2 Ag 4 (PQg) fl , by the 
action of silver nitrate on sodium hexametaphosphate. He also obtained dipotas- 
Bimn tetrarilver hexametaphosphate, K 2 Ag 4 {PGa)<j, in a similar manner, G, Tam- 
mann believed that he could prepare silver decametaphasphate, AgioPitAo-tiHaO, 
by the action of silver nitrate on T, Meitmaim's sparingly soluble sodium dimota- 
phesphate. 

According to J, J. Berzelius, if freshly precipitated and moist silver huxameta^ 
phosphate is introduced into cold water which is gradually raised to the b.p. T the 
salt melts into a grey viscid maos capable of being drawn ont into threads. The 
hot water when poured out and evaporated, gives silver hexametaphosphate, and 
the solid can be washed with cold water. Borne silver hexametaphosphate in the 
interior of the mass remains undecomposed. T. Fleitmann ana W. Henneborg 
consider this salt to be silver tetraphosphate, OAgaGAPA, or AB*P 4 O l3f or silver 
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A&PsO^A&PsOa, identical with that made by the action of 
silver nitrate on the sodium salt; if the latter be in excess, the precipitate will he 
contaminated therewith. The salt rapidly prepared and dried at 100 5 contains 
veiy little water. The salt ia decomposed by the prolonged action of boiling water, 
and phosphoric is set free. Hence H. Uelsm&nn’e analysis of the salt is rather high 
in silver oxide, owing to his preparations having been partially decomposed by 
washing. T. Fleitmann prepared what he regarded as silver decaphGSflhate, 
6Ag a 0.5P 2 O e , or Ag 13 P 10 Qa 2 * by the action of silver niflrate on the corresponding 
sodium salt. The product is soluble in an excess of the last-named salt. 

In normal silver metaphosphate, the ratio Ag a G; P,0, is 1:1. A, V, Kroll has 
reported a series <yf what he calls sllnr ultraphoaphlta with the ratio Ag a G : P a 0 4 = 1; 2 
and 1 : 3, Silver triphosphate, Ag s On3P t O^ wan obtained by the action of phosphorus 
peatoxide on silver ut a high tamp, when a yellow glass in formed which dissolves in water 
to a ruby-red soln., containing colloidal silver. If the glass is somewhat overheated, a 
silver ruby glass is obtained. This has net yet been found to occur with silicates or phos¬ 
phates, The fused product is almost colourless, but yields the red colloidal aoln. with water. 
The aq» soln. contain? an acid silver metaphqsphatc, ft yields a brown precipitate with 
sodium orthophosphate. 

Hydrated Silver diphosphate, Ag 2 0,2P 2 0 B .H 2 0, was obtained by the notion of an 
excess of metaphosphorio acid on AfoO.SPaOjj. 
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CHAPTER XXIII 

GOLD 

5 1. The Occurrences and Distribution ol Gold 

Gold occurs in this bowels of the earth native, pn&ftoHHjr]^ a complete metallic form 
although in general the small particles of it. are so interspersed with various matrices that 
thoy arc entirely invisible,—T, Bkbqmanm (178(1). 

Golu is rather widely distributed in nature, generally in quantities too small to be 
profitably extracted. Deep sea water from the Atlantic Ocean has 0 015 to U'2fi7 
part of gold per million of liquid ; water from the dhristianiu Fjord, Norway, 
0 005 to O*0OG ; from the coast of New South Woles, l>-032 to O'OtJG ; and from the 
coast of New Zealand, 0 005 part of metal per million parts of liquid. 1 According 
to L. Wagoner, granites from California and Nevada had about 0 37 part of gold 
per million ; sandstone, 0*03; and limestones, 0'007 part per million. Gold also 
occurs in small quantities in clays, coni, rock salt, pyrites, and in almost all silver, 
copper, bismuth, lead, tellurium, zinc, and antimony ores. 2 Gravels which need 
not be crushed can sometimes be profitably treated for gold—alluvial gold -if but 
12 to 3 grains p^r ton be present, that is, about one part of gold per million parts of 
worthless material. The mean of the returns for the Rand is something less than 
half an ounce of gold per ton of material treated. The gold and silver in copper 
arid lead ores can usually be protitablv extracled, indeed, a comparatively large 
proportion of the world’s output of gold is obtained us a kind of by-product from 
lead and copper ores. 

Gold is found native in irregular masses, sometimes of microscopic size, in 
crystals, in veins of quartz or quartzite in rocks—Mel gold —In metalliferous veins 
along with metal sulphides—chiclly iron pyrites; and in alluvial gravels and sands 
as alluvial Off placer gold. The alluvial drifts represent the d&hm from the weathering 
of auriferous rocks which has been washed into river beds, etc. Large nuggets 
are occasionally found—one in California weighed over ]!X) lbs,, and one in Victoria, 
183 lbs. The presence of large well-formed crystals of gold with unworn edges, 
sometimes found in alluvial drifts, is quoted in support of the hypothesis that gold 
y can grow *n niiu in these deposits--presumably carried in snln. by percolating waters. 
As N, Lemery 3 expressed it in 1075: l< Seeing that gold as well as silver is drawn 
Irotn mines surrounded with waters, it is very probable that these Waters bring 
along with them some saline principles that congeal and mix with earths of a par¬ 
ticular composition.” The largest and most perfect crystals have been found in 
alluvial deposits; and the finest specimens hitherto recorded ate from the gravels 
of Victoria, Filiform gold, gold filaments or mre gold, and other dendritic forms 
represent incipient stages of crystallization. The gold disseminated in quarts 
rocks is also supposed to have been introduced by percolating solm along with silica, 
for gold is soluble in alkali silicate soln ,; 4 in alkali sulphides, 5 and possibly also 
in alkali tellurides,** J. R, Don showed that m the rocks in the neighbourhood of 
Ballarat, the gold occurs in the vicinity of pyrites ; where the sulphide is abundant, 
gold is abundant, and where a small quantity of pyrites is present, there is a paucity 
of gold. 7 Gobi is also soluble in ferric chloride soln. and in waters containing free 
chlorine, 8 
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There is rather an extensive literature on the geographical distribution of gold,® 
Fig, 1 gives a general idea of the leading gold fields. 
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Fiff. 1.—Thu General Distribution of tho Auriferous Provinces, 


In Europe, the principal gold mines? are along tho inner arc of the Carpathian Mountain* 
in Hungary, anti Transylvania. Gold mining at SuhemniLz has been traced back to the 
pre-Christian era. 'Hie gold at Bosnia wo* also mined by tho .Romans, Most of tho gold 
extracted in Germany is derived from metallic ores—galena* pyrites* nine blonde, etc. 
Gold has been obtained in Bavaria, Thuringia* and Sitasia. Most of tho Rhino workable 
gold wfts exhausted long Ago* Gold has been worked in tho British Isles on a small scale 
from the time of tha Romans* and probably earlier, sinco gold ornament* were worn by the 
ancient Britons. Small quantitioM were once obtained in Cornwall, Devon, North Wales, 
Lanarkshire (Lead IilII*), Sutherland, Perthshire anti Wicklow in Ireland. The Pbrnnioinns 
and tho Roman* obtained gddfmrn Spam* but the supply hseeinn now io bo tiimos hr'charted. 
In Pliny T s time, tho gold mines of Austria wore eon aide reel to bn the richest in tho world. 
In Franco, tho stnoarns in the departments uf Ariege, Garonne* Tam, Heiault, ArdcuuOSf, and 
Meurtho-ot'Mosello have gold-bearing sand*, hut tlwy vav not of much imj>orlanoe. Pliny 
mentions tho gold mine* of Northern Piedmont m Italy, and Ihoso mines ait) also mentioned 
by Strabo, Moat of tho tributarily of the To Imvo auriferous sand*, and there mo also 
auriferous veins on tho Woatem Alpa. Norway, Sweden* Finland* tho Ural Mountains of 
Russia, and tho streams of tho Caucasus-tho land of iho golden ili'cao of the Argonaut 
expedition—have some auriferous deposits. In Asia gold is obtained from Siberia—cast 
and went. Them am gold fields in Borneo, Sumatra* and several of tho ftast Indian Islands ; 
in New Guinea, tho Phdippjneg, and tlio Malay poninsula. Gold is also obtained from 
China, Corea* Japan* Color (Mysore), and the presidencies of Madras and Bombay. Gold 
is widely distributed in Africa —Bgypt., Soudan* Abyssinia, the Gold Coast, Msdagasep, 
and Rhodesia, The discovery of the auriferous conglomerate* in the De Kaap district 
of tho Transvaal in 1884* has converted that district into one of the most important of tho 
gold-producing countries. Tim United States, America, is one of tho worlds laigest 
producers of gold. Marshall 1 * discovery of gold at Coloma (Cab) on January J9* 1S48, 
started the rush of gold-seeker* to the Pacific coast of America, and numerous deposits 
were discovered in various American States shortly afterwards. Quartz mining com¬ 
menced in the States about 1850. The most important gold fields are in Colorado, 
California, Alaska, South Dakota, Montana, Arizona, Utah* Nevada* Idaho* Oregon, 
Washington, New Mexico, and some of tho smaller amounts from a number of other States, 
The more important Canadian gold fields are in Klondyko [Yukon), British Columbia, 
Nova Scotia, and Ontario. Gold is also found in Mexico, various smaller States of 
Central America, Brazil, Chili* Peru* Bolivia, etc. Gold is found in all the colonies of 
Australasia. Kalgoorlio (Western Australia) is perhaps tho most prolific* and there are 
mines at Kimberley* Pilharm* Murchison, Coolgarcuo, etc*, in Western Australia; at Teetulpa* 
Mount Pleasant, etc,, in South Australia; Mount Morgan, Charters To worn, Gy mpio* 
Croyden* etc., in Queensland : Clarence, Richmond* Bathurst* Albert, Mudgeo, etc., in 
New South Wales; Bendigo, Ballarat, Caetjemaine, Maryborough, Arorot, Uippaland, 
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etc., in Victoria ; B(*aeonFifiold, Waterhouse, etc., in Tasmania j Otago, Westland, Nelson, 
and Auckland, in New Zealand. Count Sti-zoU'cki 11 is said to liave discovered gold in 
Now South Wales in 1839, but the discovery was kopt hoc rot in deference to tho wishes of 
the Governor of the then penal colony. It is possible that a surveyor named UTiricn 
discovered tho metal sixteen years earlier, hut there aro doubts oh to whether or not OTirien’s 
samples were mica or pyrites, and not gold. The gold was rediscovered in the colony by 
W. Clark in 1841, and the value of tho deposits was not realised until again diHfovered 
by K, H. Hargreaves in J851, The Thames gold field in Auckland was discovered in 1807, 
t 

The worlds production of gold 11 in troy uzs* Jins been estimated as: 

1493-1520 1001-1020 1710-1720 1U(I J —1810 l87(Ul88fi J89G-1900 

180,470 263,918 422,103 500,572 5,304,085 5,130,(173 


The values for J918 were : 


Austria-Hungary . 

Troy yz*. 
K.70U 

Brazil, 

Troy tutf 

J 35,400 

France 

]20 

Colombia 

335,440 

38,700 

Italy ♦ 

J,l00 

Ecuador 

Hussion cuuntnra 

8:*u,ooo 

Peru , 

57,045 

Sweden . . . . 

482 

Uruguay 

484 

Belgian Cungu 

123,049 

Venezuela , 

22,800 

French W. Africa 

2,000 

Butch Guiana 

15,590 

Madagascar 

22,990 

French Guiana 

45,781 

Poi lugucso K Africa . 

5,592 

China . 

J 74,000 

('tail raf America , 

194,500 

hJujum 

431,800 

Mojtieo 

813,700 

liuicii Ko*t Indies 

95,518 

L'liilvd Statu* and UclomcK , 

3,320,784 

AiiHtralu.Mii , 

. 10,000,000 

Argentina . 

104 

South Africa 

, 1,053,200 

Chile , 

3M40 




On the whole, the world's output is still increasing, although, only a small 
advance has been made in recent ^ears. The expansion is attributed to the 
increased attention to the gold-mining industry. The output of tho principal 
gold-producing countries in 1920 were: South Africa, about 47 per cent, of the 
world's supply; the United States, 10 5 per cent.; Australasia, 8 per cent,; 
and Russia, 2 per cent. The price of gold is roughly inversely equivalent to 
the measure of the adverse exchange against that country; and the price of 
gold fluctuates accordingly. Some European countries accumulated large debts 
in the United Stale* while the severest stages of the Great War were being 
fought, and large stocks of gold were accordingly transferred to the United States 
from those countries. As a result it is estimated that the United States holds 
about 35 per cent, of the world’s total, A curious feature occurred in 1U20 
when the Soviet Government of Russia made earnest but largely ineffectual 
attempts to dispose of the so-called Soviet gold which had formerly figured in the 
reserves of the Russian State. “Accustomed ns the London market has always 
been to deal in gold by the ounce, the offer of gold in terms of a dozen tons at a 
time was regarded as a quaint innovation,” 

Native gold nearly always contains silver. Gold from Sclinabrowsky has 0T(i 
tier cent, of silver, and a sain pic from Siranowsk, 38'38 per cent,, 12 and there arc 
numerous intermediate proportions in sample* from different parts of the world. 
According to 11, van Furman, a sample from Cripple Creel; (Colorado) contained 99 0 
per cent, of gold, and represents the purest native gold which has been found. Gold 
from the Californian placer deposits assayed 88 4 per cent, of gold; Australian 
gold averages 95 0 per cent.; Japanese placer gold, 620 to 90'4 per cent,; and 
Japanese vein gold, 566 to 92 6 per cent, gold. Native gold also contains a little 
copper, and occasionally iron. Palladium has been found in Brazilian gold; 
rhodium in Mexican gold; and bismuth in Victorian gold. Although some of the 
native binary alloys of gold with other metals have been stated as if they were real 
chemical compounds, their chemical individuality is not accepted on the results 
of chemical analysis alone. Pliny’s feloctniUl, named from ?/AcKTpor, which in 
Homer's time was the term used for amber, w T as a native alloy of gold and silver 
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of the same yellow colour as amber, and which contained one-fifth of its weight of 
silver —ubicuvque qvinla argmti portio cji, dectrum vomlur. The term ia now some¬ 
times used for the alloys with other proportions of silver and which range in colour 
from white to pale yellow. The ep. gr. ranges from 12 5 to 15 5 according to the 
proportion of silver. Mol proportions of the two elements are sometimes present, 
^and J* B. J. D. Bouesingault ^ thought these proportions corresponded with 
2, 3, 5, 6, &, and 12 gram-atoms of gold per gram-atom pf silver, but G. Rose said 
that dw Verbindung von Gold und Siiber nock bestimnden Proportions gar nick zu 
denken otherwise expressed, there is nothing to justify the assumption that a 
chemical compound is formed. The two elements form a aeries of isomorphous 
mixtures. 

An alloy of bismuth and gold containing from 34 to 356 per cent, of bismuth wfle dis¬ 
covered by G. H, F. Uhlrich, 1- and called maldoivlte from Moldon (Victoria)* wlioro it was 
found C* U. Shepard ab*o reported what he called bismutbaurite, m some palladium 
grains of North Carolina ; tbo sp. gr. ia stated to bo 12 44 to 12 00* Some consider that 
a mistake lias been made and tiiat the alleged biftmuthaurite ia an artificial product. 
Similar remarks apply to tbo rhodlte of M. Adam, 1 * which ia supped to be a rhodium-gold 
alloy described by A. del Ilio m JS25 as un atliage dV obtained from tho mint at Apartado 
(Mexico). A native alloy of palladium and gold containing C to 10 per cent, of tho lattor 
metal has boon named propellte. There is nothing to show that a compound Au fl Fd is 
formed as w’aa once supposed, for the two metals form a continuous series of mixed crystals. 
A sample of the mineral from Taguaril (Brazil) had 8 21 pur cent* of palladium. Specimens 
have teen obtained from Minas Geraee province (Brazil) and in the Caucasus near Batonm. 11 
Gold amalgam is an alloy of gold with varying amounts of moreniy j a sample from 
Mariposa (California) contained 31 per cent, of mercury, and one from Columbia, 57-4 per 
cunt. lT Some amalgams are of secondary origin, and are thought to be derived from tho 
mercury lost by tho old miners. The so called gold telluridee form a group of minerals 
tho first specimen of which—from Zolathna (Transylvania)—was described by M, H. Klap- 
roth 18 in 1802, and many varieties from other localities have been described. The 
tellurium deposits at Cripple Creek (Colorado], and at Kalgoorlic (Western Australia) are 
the most important from an economic point of view. The telluride ores seem to have been 
deposited fromaq. soln. in zones or belts. Tho mineral caUverlte from Calaveras County 
(Cal.) was described by F. A. Gcnth 11 in 1868; and largo deposits occur at Cripple Creek 
and K&lgoorlie. Analysts have reported from 57 3 to GO 3 per cent, of tellurium, 33 if to 
42*1) per cent, of gold, and up to 5 per cent, of silver, with smaller amounts of copper, zinc* 
iron, nickel, lend, sulphur, and selenium. Calaverite is supposed to be a compound with 
the formula AuT'o 9 , and the supposition is probably correct. Colnveritc has a pale bronze 
colour. A related telluride with silver as well os gold contains from 507 to 02 0 j*sr cent, 
of tellurium, 2fH to 28 fi per cant, of gold, and 1)7 to 13 0 per cent, of silver, with smaller 
quantities of copper, Jeao, iron, nickel, antimony, selenium* and sulphur. This mineral 
has boon represented by the formula AuTa^AgTej, or AuAgToj* and ealled sylnnlte, or 
graphic tellurium, because tlic crystals are sometimes arranged in a manner which recalls 
written characters. Sylvonite occurs in monoclinic crystals varying from a steel-grey to 
a silver-white or brass-yellow. Another variety called multarlne has crystals varying from 
a brass-yellow to white in colour, and it contains larger proportions of antimony and lead 
than sylvauitB proper. 81 KTULUBflto is similar to sylvonite, 11 but crystallizes in the 
rhombic system. When massive* the two forms are said to be mdiBLinguiishable. Another 
telluride of silver and gold, called pelzfte, does not occur in crystals. Its colour ia steel 
or iron-grey. Its composition corresponds approximately with AgjAuTo*, A silver 
telluride called faeuite* Ag,To, crystallizes in the cubic Hyatem* and it may contain up to 
25'0 per cent* of gold. KkigaarUt* and coDlgardlte are different names for a variety found 
at Kalgoorlie. The mineral ia almost block m colour* and it may contain 4 to Id per cent, 
of mercury. It has been regarded os a mixture of caLoradoite (mercury telluride, HgTe) 
and petzite—may bo with calaverite and sylvonite as welL ss Nigyagite is a telluride of 
lead and gold with more or lass eulphideu, Samples have been reported with from 17 '5 to 
30 1 5 per cent, of tellurium, 8 0 to 12 l 3 per cent, ol sulphur* 3 U to 7 5 percent, of antimony* 
GO-3 to 00 3 per cent, at lead, and. 5 0 to 0 0 per cent, of gold with smaller quantities of 
silver* copper* selenium, and iron* It crystallizes in the rhombic system. It has been 
called foliated tellurium because it also occurs foliated like graphite, The so-called tJObtUAe 
and FhylllngUfiz are varieties. There are no definite gold sulphide, saUuida* chloride, or 
silicate minerals, although many gold minerals contain sulphur* selenium, and chlorine. 
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§ 2. The Uining and Extraction of Gold -Amalgamation Process 

The amount oi gold in a ton of ore is usually bo small that even if the ore be 
cone, by washing* there is a loss of the finer particles of gold, and it is generally quite 
impracticable to smelt the ore so as to collect the precious metal in lead or copper, 
and afterwards remove the base metal by cupellation or some other process. The 
cost in fuel and fluxes is usually too great . 1 When gold occurs scattered as grains 
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or nuggets jn alluvial sand or gravel, hand picking, dry-blowing* winnowing, or simple 
sifting may suffice to separate much of the precious metal. The melting of the 
collected fragments together is a comparatively simple operation. The sand may 
also be washed over smooth sloping rocks by running water, when the particles of 
gold have a tendency to sink; to the bottom of the stream owing to their high density. 
The rock carvings of Upper Egypt give several pictorial representations of the art 
of washing auriferous sands by stirring them up with w^r in hollow stone basins, 
followed by the melting of the gold in simple furnaces heated by mouth blowpipes, 
as shown in Fig. 4, Cap. I. The oldest of these carvings dates back about 2500 B,a 2 
In his Ocograpfria (S. 2), written near the beginning of the CJiristian era, the old 
historian Strabo says that the ancients washed gold from the hills by torrents of 
water, and the gold was caught and entangled in the hair on the skins of animals 
spread, on the rocks over which the water flowed. In some of the primitive mines 
even to-day, a similar plan is employed, although woollen blankets or pieces of 
plush ore generally preferred. The legend of the quest of the golden 11ee(;c, by the 
Argonauts under Jason, is considered to describe a piratical expedition to Armenia 
to steal the gold obtained by the natives from streams of water by the aid of sheep¬ 
skins. 

The so-called placer deposits comprise sands, gravels, and earthy beds containing 
gold. The shallow or recent deposits are usually near river-beds, and have not 
been covered by much debris t while the deep-seated or ancient placer beds were 
formed by rivers which have since been deflected into other channels by more or 
less extensive changes in the physical geography of the district, and they are usually 
covered by more or less compact tZefrm. In panning or pan washing, the auriferous 
sand or gravel is agitated with water in pans, troughs, or cradles of various forms, 
and the rooky matters are floated off, while the free particles of gold remain on the 
bottoms of the cradle or pan as gold-dust. The primitive methods of extracting 
gold by individual workers, more or less on the principle of hit of miss, are successful 
in dealing with comparatively rich beds, and with them, gold-mining is more or less 
a gambler’s lottery. To-day, with large companies, gold-mining is a carefully 
organized industry with approximately the same output from day to day. 

In the simplest form of placer mining, the sand or gravel is shovelled into a 
jJwwEjFig. 2, that is, in long a flume or trough with transverse elects, riffles, or obstruc¬ 
tions along the bottom, and through which a stream of water Hows. The water 
sweeps along the sand, and the heavier gold collects in the crevices on the bottoms 
of the sluice. 3 Dredging ie also used to convey auriferous sands, etc., on river 
bottoms into the sluices. In hydraulic mining, water under high press, is directed 
against the earth containing the gold* The water is conveyed from a reservoir 
in the hills across the country, by means of flumes or aqueducts, to a largo wooden 
tank near the placer deposit. The tank is provided with valves and thick iron pipes 
which lead to a cast-iron chamber, with valved apertures at the sides to which a 
number of flexible hose-pipes can be attached by means of union joint**. The 
opposite end of a hose-pipe terminates in a bronze nozzle which enables a powerful 
jet of water to be directed against the bank of auriferous earth and gravel. As a 
result the bank is rapidly disintegrated and washed into sluices. Some idea of the 
method will be obtained from the sketch, Fig. 3. The head of water is sometimes 
up to GOO ft., and the nozzles are sometimes up to II ins. in diameter. The sluices 
with both placer or hydraulic mining may have wooden or stone riffles or obstruc¬ 
tions of various kinds cliarged with mercury which amalgamates with the gold. 
Blankets or pieces of plush may be spread in the sluices to catch the lighter spangles 
of the precious metal. When a clean-up is desired, the riffles are taken out, and 
clean water is run along the sluices. The mercury amalgam is washed down to 
some convenient spot, and ladled into bags of canvas or leather. The amalgam in 
the bags is squeezed bo that the excess of mercury, as Fliny expressed it about 
77 A + D,—^xrr guas sudor w vice deflwt —exudes through the bags as a kind of per¬ 
spiration. The pasty amalgam containing about one-third of its weight of gold is 
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heated in suitable retorts. The mercury distils over, and the gold remains behind. 
This is then fused and cost into ingots to bo subsequently refined,' 1 



It will be observed that the process of separating the gold from sands is dependent 
upon two principles— (i) the greater density of the previous metal \ and (ii) the 
attraction which mercury lma for gold, which, as 
Pliny said about 77 a,u, t enables the mercury 
to attract the gold to itself, and to reject the 
associated imparities. The gold is miscible 
with mercury in all proportions, and the small 
particles of the liquid amalgam in the slniees 
coak^e into larger globules which collect in 
the inequalities in the bottom of the sluices, 

When the richest of the placer deposits 
liave been worked out in a country, attention 
is naturally directed to the extraction of geld 
from quart/ rocks. In vein or reel mining, 
the auriferous quart/ is mined by blasting. 

Holes are bored in the fticr, of quart/ up to the 
depth of four feet, into which sticks of gelignite 
or other explosives arc placed and fired* The 
quart/ is thus loosened and convoyed to the 
batteries where the conveyor trucks are tipped 
into a series of crushers, the quart/ is broken 
into fragments about the size of a hen’s egg. An 
endless belt carries the quartz which drops from the crushers to the stamps. Each 
stamp is a block of steel weighing say 1200 lbs,, worked up and down by two- 
toothed cogs* About 300 stamps will pulverise 500 tons of quartz per day. The 
powder from the stamper mitt is screened through a 40-mesh sieve ; agitated with 
water; and elevated to a series of conduits, where it is conveyed to the so-called tube 
or ball miUs —that is, in revolving cylinders lined with quartz, and containing lumps 
vol, in. 2' K 
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of quarts, flint pebble*, or steel balls^-whew it is ground still finer. The powder is 
floated with water as pulp in a thin stream, about a quarter of an inch deep, over 
slightly inclined plates amalgamated with mercury, and kept in a gentle pulsating 
motion— amalgam tables. The fine particles of gold amalgamate with the mercury. 
After some time, the plates are scraped, the excess of mercury squeezed from the 
scrapings, and the gold is separated from the mercury by distillation, as indicated 
above. Instead of the amalgam table, a pulsafar table about 10X4 ft. is colored 
with linoleum, and rills, or narrow strips of wood, attacked length-wise. The 
table is set on rollers arranged so that it can be set at any angle, and given a gentle 
sea-saw motion. The supply pipe sends a stream of water and pulp over the top 
of the table, and the heavy gold is caught by the rills. The pulp with which a little 
lime is mixed to facilitate the sedimentation of the gold—is washed over the 
upper edge of the table. The l< muddy ” water still containing recoverable gold is 
run along conduits or jlums to the settling tanks. The “ free gold J> from the rills 
is conveyed to the concentrate tube mills and ground still finer, whence it is trans- 
]>orted to the cyanide tanks. The auriferous mud from the roller tables, after 
settling, is freed from the excess of water and also conveyed to the cyanide tanks. 

Diodorus (vide supra) described the Egyptian process for mining quartz for gold. 
The rock was crushed to a coarse powder, and finely ground in hand mills. The 
further treatment of the ore resembled the process employed for washing auriferous 
sand. It is thought that P. Grommestcrrer 5 first used the stamp mill in 1519, 
and in his De re metallica (Basel, 155fi), G. Agrioola described the treatment of 
auriferous quartz in Germany, and it is virtually the very process which is employed 
in Transylvania and Tyrol at the present day. A considerable number of im¬ 
provements in the mechanical preparation of auriferous quartz have been intro¬ 
duced since Agricola’s time. The amalgamated copper plates were used in California 
in 165C, although the actual date of their introduction is unknown,* The process 
was probably suggested as a result of experience derived from the working of the 
Cazo process for the extraction of the precious metals. It was noticed, even as 
early as 178G, 7 that the thickness of the layer of amalgam on the inside of the copper 
kettle daily increases by slow and gradual opposition, and ultimately becomes so 
thick that the crust often falls off by its own weight. 

J. A t Edman counted over 300 particles of gold, varying from ’—th to of 

an inch in size, by the examination of a piece of auriferous quartz ^-th of an inch 
in size, and magnified about 50 diameters. A still greater number of particles of 
gold were counted under a higher magnification. The gold in this extremely fine 
state of subdivision is apt to float away with the tailings and escape the amalgamated 
copper plates, particularly when the gold is intimately associated with metal sul¬ 
phides which prevent the particles amalgamating with the mercury \ the mercury 
is also apt to flour or sicken by contact with the sulphides of arsenic, antimony, 
copper, zinc, lead, and bismuth, and it then fails to adhere to the amalgamation 
plates. Indeed, many ores are not worked by the amalgamation process because 
so little gold is recovered from the ores, and this even with comparatively rich ores. 
Ores which yield up their gold to the amalgamation process are called free milling 
ores ; and those in which gold does not amalgamate with the mercury are called 
refractory ores. Even with free milling ores, the tailings from the amalgamation 
process usually contain one-third, often one-half, their total gold content. Tailings 
from the amalgamation process, and refractory ores, can usually be profitably treated 
by the chlorination or cyanide process. 
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§ 3, The Chlorination and Cyanide Processes lor the Extraction of Gold 

Chlorine, or rather chlorine water slowly, attacks gold, and in 181B, J. Percy 1 
attempted to apply this agent for the extraction of gold from its ores, and simultane¬ 
ously, C* F, Piattncr proposed the method for treating the residues obtained after 
the ore at Reichcnstein had been treated for arsenic. A, Dufios investigated 
PlattneFa proposal, and he obtained the same experimental results by allowing 
chlorine water to percolate through the ore in a stationary vat, and bv tins agitation 
of the ore with chlorine water in a barrel. V. von Lange followed up the work 
and found that better results could be obtained by acting on the moist ore with 
chlorine gas than by leaching it with chlorine water. Chlorine has a vigorous action 
on sulphides, and to avoid the great waste of gas which would be involved by the 
presence of sulphides in the ore, the ore is first roosted. 

The chlorination process is applied on a large scale in one of three difife rent ways ; 

(1) Tho moist ore is treated with chlorine gas in closed vats for a couple of days. 
The actual solvent is a sat. soln, of chlorine water. The soluble salts arc washed 
away from the ore by water, the tailings are rejected, and the gold is precipitated 
from soln* by ferrous sulphide, hydrogen sulphide, or other suitable agent. The 
particles of precious metal a re allowed to settle, and then dried and melted down. 

(2) In order to prevent local action and to ensure that every particle of the ore is 
exposed equally to the action of chlorine, a revolving barrel containing a super¬ 
saturated soln, of chlorine in water is used in place of the stationary vat. The gas 
is kept in soln. by keeping the press, inside the barrel a few pounds per sq t in r - 

(3) W* Munkbell leached the roasted ore with hot <liL hydrochloric or sulphuric acid 
to remove iron and copper, and then treated the residue in a vat wifchaU'6 to 0 7 
per cent. soln. of chloride of lime, mixed with an equal volume of dih sulphuric or 
hydrochloric acid (sp. gr. 1'002-1'003}. A. fitard 3 recommended treating the ore 
with a soln, containing about 45 lbs, of commercial hydrochloric scid and 12 oes, 
of potassium permanganate. In H. R* Caascl's process a soln. of common salt is 
electrolyzed, and the chlorine which is generated attacks the gold in the ore. The 
soln. of gold chloride so obtained is simultaneously dccompr>sed, and the metal is 
deposited on the cathode. 

Bromine has been recommended in place of chlorine. It is claimed fchut bromine 
acts more rapidly on gold; gives a higher percentage extraction with a less 
proportion of base metals; and is more readily handled. 4 Both the bromination 
and chlorination processes fail to deal with the silver of gold-siIvor ores, and attempts 
to extract, say, the silver cldoride by subsequently leaching the tailing from the 
chlorine process with sodium hyposulpbate soln. have not been satisfactory. The 
chlorination process has been gradually displaced by the oyanidc process of extrac¬ 
tion. The latter was first used to supplement the recovery of gold from the tailings 
of the plate amalgamation process; but with the introduction of improved grinding, 
and filtration, it has become so formidable a rival that the chlorination process ia 
almost obsolete. 

The alchemists of the eighteenth century knew that gold is soluble in an aq. 
soln* of potassium cyanide, and the ewly jewellers probably utilised the fact in 
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gilding. C t W, Scheele, in his memoir, Be mtrteria tingevte c&rulri Berolinensis 
(17S3)j noted the solvent action of aq, soln. of the alkali cyanides on gold, silver, 
copper, etc. In 1843, P. Bagration 5 showed that gold —victallorum rex —which 
resists attack by the strongest acids, dissolves quietly and quickly in an alkaline 
soln, of potassium or sodium cyanide, and less rapidly in soln. of alkali ferrocyanides* 
He also noticed that the action is more rapid in warm soln., and that the free cir¬ 
culation of air accelerated the speed of dissolution. 

The facts are illustrated by placing a fragment of gold-leaf hi each of two vessels con¬ 
taining a one per cent* soln. of potassium cyanide. Agitate one by stirring with a gkts 
rod, and bubble a current of air through tho other flOlm In about 1ft minutes, the gold in 
the latter vessel will be dissolved, and scarcely attacked in tho other. A piece of gold-leaf 
submerged in dil. edu. of potassium cyanide also dissolves less rapidly than a ffifflffar piece 
of gold-leaf Heating on the surface of tho solo. 

The solubility of metals, etc., m aqueous potassium cyanide.— Other metals 
are dissolved by the potassium cyanide soln.—jncroury and platinum are attacked 
very slowly if at ah. Silver sulphide, arsenate, antimoniate, and chloride are 
dissolved by the menstruum. According to G. Gore's experiments, the amount of 
metal, expressed in mgrm., dissolved per sq. cm, of surface by a 186 per cent. soln. 
of potassium cyanide, is indicated in Table I. This shows that the rate of disso- 
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lution of gold is increased nearly twenty-five-fold by raising tho temp, about 
56°. Tho numbers for aluminium are probably rather high—possibly owing 
to the potassium cyanide being contaminated with some potassium hydroxide. 
W. A. Caldecott 0 found that the cyanide eoln. is more active in light than in 
darkness, and M. Berthelot showed that thin is probably due. to the increasing 
rate at which oxygen is absorbed by potassium cyanide soln. exposed to light. 

In 1846, L. Eisner 7 showed that the presence of oxygen—cither free or in soln.—- 
is necessary for the dissolution of gold in potassium cyanide soln., and the reaction 
is said to occur in accord with the equation : 4AuH-8KCy-f-Q 2 -t-2H 2 0=*4KAuOy a 
-{-4K0H, L. Eisner also obtained colourless octahedral crystals of potassium 
aurocyanide, KAutyg, by the evaporation of tho soln. The necessary oxygen was 
stated by L. Eisner to be obtained, from the water by the metals iron, copper, anc, 
and nickel, and hydrogen was liberated; while the metals gold, silver, and cadmium 
were stated to get the required oxygon from the air, and to dissolve only when oxygen 
had access to the sob, W. A. Dixon gave a similar equation to that employed by 
L. Eisner. In confirmation of L. Eisner’s Equation, W. Skcy, and J T SJ, Maclaurin 
proved that for every 130 parts of potassium cyanide, & parts of oxygen suffice for 
the dissolution of 196 8 parts of gold ; and therefore, the amount of oxygen normally 
dissolved in liquids, and adhering to the surface of a solid, is sufficient for the 
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dissolution of relatively large amounts of gold, J. S, Macarthur cited experiments 
to show that gold can be dissolved by the alkali cyanide in the absence of oxygen— 
e,g> if the crushed ore contain* basic ferric sulphates which can form ferricyanide— 
and it has been suggested by L, Jan in that the reaction should accordingly be repre¬ 
sented by the equation: 2H a O+2Au 4-4KCv = 2 KAuCy 2 -|- 2 KOH-|-H 2 ; but it 
is very doubtful if this equation can be correct because free hydrogen has not been 
detected, although it might be formed and immediately unite with the oxygen in 
solo, producing hydrogen peroxide. According to G. Bodliinder, the chemical action 
should be represented by the equation: 2H^0+2Au-[-4KCy+0 2 ^2KAuCy i! 
-p2K0H-j-H a 0 3f and he was able to detect as much as 72'3 per cent, of a substance 
acting like hydrogen peroxide as an intermediate product when gold is nip idly 
dissolved in aerated cyanide lye. The hydrogen peroxide leads to the dissolution 
of more gold by a reaction symbolized;' 4 Kl!y-[-lf 20 2 H- 2 Aii= 2 KAiiOy ; i-l" 2 lvOH. 
The result of these two reactions is etj. to the one represented by L, Manor's equation. 
IrY. Bcttel considers that potassium aurieyanido, KAuC} 4 , not hydrogen peroxide, 
is the intermediate product, and ho represents the reaction: 2 H 2 O-p 2 Au-l- 0 2 -j-flKOy 
--KAiiGyo+KAuCy 4 d- 4 KOH, followed by KAuCy 4 +2Au-|-2KCy— 3KAuCy 2 . 
The equation given by J\ S, Mucarthur and R. W. and W. Forrest; Au+4KOy 
-i 2 Hl.O—TCA uCy^bSKOH l-JL, cannot be right because no hydrogen is evolved 
during the reaction, and the fundamental part played by oxygen is not explained. 
D. Reichinstein assumed that the oxygen slowly unites with the gold, and the 
cyanide ions then react quickly on the product. 

The action of cyanide lye on pyrites is rather complex. According to 
W. A. Taldecott, the roasted py rites contains undi com posed py rites, FeS s ; ferrous 
sulphide, FeS, and sulphur; ferrous sulphate. FeSQ 4 , and sulphuric acid, ILSO 4 ; 
ferric sulphate, Fcjp(!30j)g, or basic ferric sulphates ; and ferric oxide, Fivdl-j. The 
sulphuric acid liberates hydrogen cyanide, 2KGy4-IT a S0 4 - Ki>S0 4 +2HCy ; the 
ferrous sulphate forms ferrous (cyanide, FeOy £ , which reacts with potansium cyanide, 
forming potassium ferroevanide, K 4 Fe0y 6 , and this may react with more ferrous 
sulphate, forming a pale blue precipitate, K^Fe^Cy^, which is oxidized by air tn 
Prussian blue, 3Ft;Cy 2 ,lFcCy [ j—both these precipitates are decomposed by potash, 
forming potassium fermuyamde and ferrous hydroxide, Fe(0H) 2 , in the former 
case, and ferric hydroxide, Fc(()H) M , in the latter. The ferric sulphates arc decom¬ 
posed by potassium cyanide, forming hydrogen cyanide and ferric hydroxide. 
Ferrous hydroxide, not ferric hydroxide, is decomposed by potassium cyanide ; 
Fe( Oil) 2 -f- G K (?y a K 4 FeCy 0 -J-2K0 H, With roasted c i ip rifero ua pyri tee, cop] >er 
sulphate forms cuprous cyanide, CuCy, a precipitate soluble in excess of potassium 
cyanide, forming an unstable compound, KmCuX^. 

Application to the extraction of sold and silver from their ores,— The solvent 
action of potassium or sodium cyanide has been skilfully applied by metallurgists 
to the extraction of finely divided gold or silver from their ores. It has been stated * 
that A. Farkes applied for a patent in 1840 for “ the separation of gold or silver 
from their ores by digestion with a 3 to G per corit, solm of cyanide of sodium, 
potassium, or ammonium for 3 days at 150° F. to 13b* F t ” It was proposed to 
recover the gold by fusing the residue obtained by the evaporation of the soln. 
This process would involve the loss of a large proportion of the cyanide soln. T ami 
the recovery of the gold would be expensive. J. H, Rae , 0 in 18G7, patented a 
process for extracting gold and silver from their ores by digestion with suitable 
chemicals, such as potassium cyanide, and simultaneously precipitating the dis¬ 
solved gold on copjier plates by means of an electric current; J. W + Simpson 
patented a process for removing gold, silver, and copper from their ores by 
leaching them with an nq t soln t containing 3 per cent, of potassium cyanide, and 
0T9 per cent, of ammonium carbonate. Tbo gold was subsequently precipitated 
by metallic zinc. J. Vf. Simpson appears to have believed that the cyanide soln, 
in J t H + Rae*s process did its work only when stimulated by the electric current, 
and that the addition of ammonium carbonate rendered the electric current 
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unnecessary. Neither J* H. Rae'a nor J. W* Simpson's process appears to have 
been employed on a large scale- Several other patents were obtained by inventors 
working along similar lines, but it is entirely due to the enterprise and skill of 
J. S- Macarthur and R. and W. Forrest of Glasgow that the practical success 
of the cyanide process for extracting gold from its ores was assured. J, S. Macarthur 
and R. W. and W. Forrest did not like the chlorine process because of the preferential 
action of chlorine on the sulphides of the base metals, apd its unsuitability for the 
extraction of solver. They tried a number of solvents --ferric chloride, ferric 
broniide, etc.—and finally decided that a dil, soln, of potassium cyanide possessed 
advantages over all the other solvents because it exercises “ a selective actiori ” on 
gold and silver in preference to sulphides and other compounds of the base metals. 
They emphasized the use of a very dil- cyanide soln., ** containing cyanogen in the 
proportion not exceeding 8 parts of cyanogen to 1O0O parts of water,” because the 
solvent action is then confined more to the precious metals ; cone. soln. act also in 
the base metals. J. S. Maelaurin (1893) and J. J. Andre j elf (1908) showed that the 
rate of dissolution of gold increases with decreasing cone, fcu a maximum rate with 
a O'25 per cent, soln., and thereafter decreases with decreasing cone. According 
to S. B, Christy, the solvent action of potassium cyanide in 1)00060 per cent, 
soln, is virtually nil, and for all practical purposes ceases when the cone, falls below 
0 001 per cent, of potassium cyanide. 

The precipitation of gold bom cyanide solutions-Some time after J. S. Mac- 
arfchur and R, W. and W. Forrest’s patent was issued, further patents were issued 
to them for the use of zinc, preferably filiform or thread-like, as a precipitating 
agent; and for the use of caustic alkalies or lime for neutralizing ores containing 
acids or acid salts which caused undue losses by the decomposition of the cyanide. 
It is said that a patent is very easy to obtain, but very difficult to retain if a powerful 
company wants to appropriate an idea, and the valfdity of the Maearthur-Forrest 
patents has been the subject of much litigation. .T. 8. Macarthur once quoted 
sympathetically Isaac Newton’s remark : 

If J free of this present business, I will resolutely bid wlii'ii to it etumfllly, except 
wUat I do for my private satisfaction or Ioavo to come out aftor mo ; for I st?i i a man must 
either te'hoIvc to put out nothing now or to become u slave to dofeuri it. 

A. J 1 . Frice (1883), and J. W. Simpson (1835) had previously used zinc as a pre¬ 
cipitation agent, but J. S. Macarthur and R, W- and W- Forrest found that sheet 
zinc is not nearly so efficient as zinc filaments or load in conjunction with zinc—the 
lead zinc couple. The zinc precipitation is represented by the equation : SJKAuCya 
+Zn“-K 2 7JiCy4-b2Au, There are also side reactions due to the direct action of 
the cyanide soln. on the zinc, resulting in the evolution of hydrogen and the forma¬ 
tion of potassium zincate. If an excess of potassium cyanide be not present, a 
layer of zinc cyanide, zinc hydroxide, or potassium zinc ferrocyauidc may be formed 
on the surface of the metal preventing further action. 10 Zinc-dust or zinc fume 
has been recommended by H. L. Sulman and used for the purpose in some plants, 11 
Instead of precipitating the gold from the cyanide soln. by zinc, E. W. von Siemens 
and J, G. Halske 13 recommended electrolysis; W. Moldenhauer, aluminium; and 
W. D. Johnston, charcoal. According to G. Gore, 13 the voltaic order of the metals 
in aq. soln. of potassium cyanide is that indicated in Table II. The position of 
the metals in the table represents their relative tendency to dissolve under the 
■^conditions of the experiments; and when two metals are in contact, the metal 
on the negative side accelerates the soln. of the more positive metal, and is itself 
protected from dissolution by the latter. A metal tends to precipitate from soln. 
another metal which is on the negative side, and to replace it in soln. 

According to G, Engler and J. Weissherg, 11 the dissolution of the gold i a 
attended by the formation of gold peroxide as an intermediate product. Feebly 
ozonized oxygen was found by J. J. Andiejeff to increase the speed of the dissolution, 
and this from about one and a quarter to one and three-quarter times the observed 
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rates in air. Increasing the proportion of ozone in the air accelerated the action. 
The gold plate gradually acquires a brick-red film which slows down the solvent 
action of the cyanide. Hydrogen peroxide was found to act in a similar manner. 
Lead or manganese dioxide exert very little influence on the speed of the action, but 
they favour the action of hydrogen peroxide. J, Miohajlenko and M, Meechtecherja- 
koff found that oxidation agents accelerate the rate of dissolution of the gold, and 
that OH'-ions retard, and H*-ions stop the action. Among the accelerating agents 
he includes potassium perchlorate, periodate, permanganate, sulphate, femeyanide, 
and carbonate \ sodium sulphate and peroxide ; ammonium sulphate; and bromine 
—the moat marked action occurs with potassium or sodium sulphate, sodium 
peroxide, and potassium ferricyanidc* Thu speed of dissolution increases with 
increasing cone, of the oxidizing agent up to a certain limiting value. Scarcely any 
acceleration was observed with potassium chlorate, bromate, or iodato, or sodium 
stannate ; while no appreciable change occurs with sodium, cobalt, cupric chloride, 
or with mercuric cyanjdc. E. Noelting and G, Forel also noted that ammonium 
persulphate accelerates the action, while potassium nitrite and ammonium vanadate 
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am indifferent; they found that many organic substances with oxidizing properties 
raise the solvent action of alkali cyanide on gold —e<g, nitroso-^-naphthol, nitro¬ 
benzene, cj-nitrophenol, or picric acid, 

A t Parkes patented a mixture of bromine or a bromide with potassium cyanide, 
potassium dichromate, and sulphuric acid ; W, H, Gaze and W. E. Field patented a 
haloid cyanide ; and H. L. Sulman and F< L, Teed patented the use of a .small 
quantity of a haloid cyanide, say,cyanogen bromide, BrCy, with the aoln.of potassium 
cyanide in order to give greater activity to the solvent, and to reduce the loss due 
to the decomposition of the cyanide. It is supposed that the reaction was 
symbolized: 3K0y-|-2Au+BrCy—2KAuCy a +KBr. The haloid cyanide acts as 
a mild oxidizing agent possibly : 2BrCy+3KCy-|-2H s 0=2KBr-i-K0Cy-b4HCy+0, 
and hence accelerates the cyanidation of ores. It therefore offers advantages 
with sulpho-teUurides and certain other ores where a rapid dissolution of the gold 
is necessary in order that other associated minerals may not have time to destroy 
the solvent. In most oases, however, the improvements which have attended the 
development of cheap and efficient processes for roasting of otherwise refractory 
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ores, mechanical agitation and aeration, and fine grinding of raw ores, have 
eliminated the need for special accelerators. Several attempts have been made 
to hasten the rate of dissolution of the gold by the addition of oxidizing agents, 
J, Michajlenko and M, Mesehtschorjakoff recommended ozone ; J. (J, Montgomerie* 
and J t It Burfcind, sodium peroxide * E. Sobering, and W, Gorlich and A, Wich- 
mann, pumulphates; AY, H, James and co-workers, S. B t Christy, and (t, Gopncr, 
hydrogen peroxide ; anti W. Moldenlmuer, chromates, permanganate, ferrieys.nTdes, 
chlorine, bromine, or iodine. Artificial oxidation, however, is employed only when 
some substance soluble sulphide-—in present in the on: or in the water and 
which acts as a reducing agent by the absorption of oxygen. It was formerly 
supposed that oxygen and potassium cyanide could not remain together in solm 
without the immediate formation of potassium cyanate ; observations have shown 
that the oxidation of cyanide to cyanate is a relatively slow process. 

The work Of ft cyanide plant, —The application of the cyanide process comprises 
in general four operations although there are numerous modifications 15 at various 
stages of the proem. A diagrammatic sketch of the process is given in Fig, 4; 
tho dissolving and solution tanks A and B for preparing the cyanide lyc of the 
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required cone., arc 1 , if practicable placed so that the liquid rims by gravitation 
through the leaching vat C provided with false bottoms, and containing the ore 
to be treated ; from the leaching or percolating vat to the settling tank i) for 
the soln, of gold in the cyanide, the zinc extractors /£, and thence to a sump F 
below the floor level, whence the lye is pumped back either to the storage tanks or 
directly into the leaching vats. If the plant has to be built on level ground more 
pumping and elevating appliances are needed than when the soln. can circulate in 
one direction wholly by gravity, 

(1) The prqxuration of the. ore. The tailings from the amalgamation process 
may be treated directly. If the ore is not already crushed line enough* it must be 
reduced to a fine enough state of subdivision. Tf the particles of gold ant coarse, 
they would occupy too long a period to dissolve in the cyanide lye, and a preliminary 
amalgamation may be advisable. Ores containing tellurides, arsenides, or anti- 
monidcs may require a preliminary roasting ; acidic ores are mixed with lime ; and 
ores containing reducing agents are treated with oxidizing agents- potassium 
ferricyanide or permanganate* peroxides, bromine, etc. The object is to prevent 
losses in the cyanide by secondary reactions. The consumption of cyanide witb 
ores containing sulphide, oxide, or carbonate of copper is so great that even if but 
a small proportion is present, the process may be impracticable. The ore for the 
leaching vats is sometimes washed with alkali lyc and water to remove organic 
matters, acid salts, etc. 

(2) The hacking vfthe prepared ore with the cyanide lye ^The ore is first leached 
with a 0T5 to 0'05 per cent, soln, followed by a 0*05 to GTO per cent, lye repeated 
as often as may be economically necessary. In one plant, the leaching of the ore 
with the more cone, soln, occupies 8 to 16 firs,, and each of four teachings with the 
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dil, soln, occupies about 4 lira. The ore is then washed with water—8 hrs. The 
object of using the diL soln, and water is to make sure that no dissolved gold isfMt 
in the vat The soln H <|f gold in tho cyanide lye ia run into vats, and allowed to 
settle. The clear liquid is decanted or filtered. The filtration is effected by lowering 
canvas-covcred wire frames into the lye, and when suction is applied, the mud is 
sucked free from the cyanide fsoln., whic h passes to the storage tank. The frame is 
then raised from the tank, and the suction is continued until the cake is dry. The 
cake soon breaks up and falls into the vat, where it is sluiced by water from a dis¬ 
charge door in the side of the vat, and the vats are recharged with ore. The cyanide 
lye is then run to the zinc boxes. 

(3} The precipitation of the dissolved grdd. -The zinc boxes art' wooden or iron 
vats capable of treating (50 to lfiO tons of sola. per diem ; the zinc boxes are divided 
into about ten compartments by partitions ; eight of the compartment* are packed 
with trays containing zinc shavings, or lead-coated /inc shavings — lead-zinc couple— 
and so arranged that the soln. flows upwards through the shavings. The first and 
last compartments have a sand filter to clarify the soln. on entering and leaving the 
,£ precipitation boxes/’ The cone, and dih soln. arc treated separately. As tho 
cyanide lyes percolate through the masses of zinc shavings or filaments, the gold is 
precipitated as a fine powder. The soln. pass into the sumps and a large proportion 
of their cyanide is available for more extractions. A clean-up of the black mud 
(precipitated gold) in the zinc boxes is made every week, fortnight, or month. A 
current of water is passed through the zinc extractors to remove tins cyanide soln. 
The coarse fragments of zinc are picked out, and the residual slime is pumped into 
filter presses. 

(4) The crump*don of the jurripifoted f/oM into ituflio v?,- -The solid re&iduc is 
finally collected and roasted at a reel boat. It is then treated with hydrochloric 
add to dissolve the zinc, washed, dried, and mixed with a Hux—say, a mixture of 
sodium carbonate, glass, borax, fluorspar, and sand - and fused in a graphite crucible. 
The metal is re-melted, mid coat into ingots of about U)00 ozs. each* The bullion 
so obtained ia sold to the refiners. In P, S. Tavener’s process, 16 the alimos arc 
mixed with fluxes and litharge, and smelted in a reverberatory furnace. The 
product is cupelled, melted in graphite crucibles, and cast into ingots. 

A. Gocrz estimated that in the Transvaal, prior to the introduction of the 
cyanide process, 50 per cent, of the theoretical yield of gold was obtained by the 
amalgamation process, J3 to 10 per cent, was recovered by treating the tailings 
by Vlattncr’fl chlorination process, and tho remaining 40 per cent, was h>at in the 
tailings. No economical process for extracting the gold was then known. To-day, 
tho cyanide process enables at least 90 per cent, of the gold to be profitably 
extracted from the tailings. J. S* Macarthur estimated that the cyanide process 
has directly added 2(1 per cent, to the world’s output of gold, and indirectly enabled 
gold mining and amalgamation to be carried on muln'r conditions where without 
this auxiliary they would not have yielded enough profit to stand alone. 
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§ 4. The Purification and Refining ol Gold 

The crude bullion is not commonly suited for use m fc^a arts* and the bullion 
is therefore redned to bring it up to the standard degree of purity. Gold retorted 
from the amalgamation process contains 2 ot 3 per cent, of copper, iron, mercury, 
and other base metals. More or less silver may also be present. Most gold is brittle 
before it is refined, and in refineries, the removal of impurities from gold and silver 
is called toughening the metal, and the term refining is reserved for the parting or 
separation of gold from silver. When cupellation is not practised, the bullion may 
he toughened by a preliminary treatment to remove the bawe metals. A large 
proportion of the more volatile metals tan be removed by merely melting the 
bullion, and this the more the higher the temp,, and the longest the time the metal 
is heated. Traces of the volatile metals, however, still remain after this treatment. 

Refining by oxidation* A large proportion of the base metals can be oxidised, 
say, by directing a blast of air over or below the surface of the bullion melted in a 
crucible ; the oxidized metals form a scum on the surface, and can be skimmed off. 
Other oxidizing agents have been used -nitre, manganese dioxide, cupric oxide, 
potassium permanganate, etc. 1 

Refining by Bulphurization. —The base metals have also been sulphurized 
instead of oxidized—particularly when iron is the chief impurity. This is done by 
sprinkling sulphur on the surface of the metal melted in a graphite crucible, and 
then stirring with a graphite rod. The gold is not affected, iron and silver form 
sulphides, and can be separated an matte when tlm contents of the crucible are 
allowed to cool. The silver does not sulphurize very much until the iron has all 
been converted into sulphide. Stirring the molten metal with an iron rod for a 
few minutes has been recommended to remove arsenic, antimony, sulphur, etc., 
since arsenides, anturiomdes, sulphides, etc., axe Formed, and these can be removed 
by skimming. Melting the metal under charcoal removes oxygen. 

Refining by cupellatian.-”ln refining by cupellation, the bullion is alloyed with 
an easily oxidizable metal like lead. The ahoy of lead and gold is heated in a stream 
of air in a furnace with a shallow hearth made of bone ash. The lead is oxidized 
to litharge, TbO, and the base metal impurities am simultaneously oxidized. The 
oxides are then partly blown from the surface of the molten metal, and partly 
absorbed by the bone ash. Finally, when the gold appears as a bright disc, the 
operation is stopped, and the gold removed. If silver be present, the two metals 
remain alloyed after the cupellation, and they must be parted by some other process. 

Refining by chlorination- -In 1838, L. Thompson * stated that "it has long 
been known to chemists that not only has gold no affinity for chlorine at a red heat, 
but it actually parts with it at that temp, although previously combined. This is 
not tlie case with those metals with which it is usually alloyed. ... It therefore 
offers at once an easy and certain means of separation/’ About thirty years later, 
1H7U, F. B. Miller applied this property of chlorine to the separation of gold and 
silver on a large scale at the Sydney Mint ; the process was well suited to the local 
conditions)—high price of sulphuric acid, and the absence of auriferous silver suited 
for parting. The gold is melted in crucibles, and chlorine (from liquid chlorine in 
cylinders or otherwise prepared) is forced through clay tubes dipping in the molten 
metal. The gas is absorbed by the base metals and" silver, their chlorides rise to 
the surface and are skimmed off. These chlorides are not appreciably decomposed 
at this temp. "The process yields gold of a high degree of purity—99'5 per cent, 
gold. Instead of chlorine gas, alternate additions of nitre and sal ammoniac have 
been used in former times; and in another old process, frequent additions of cor¬ 
rosive sublimate* HgCJ^, were mode in small quantities at a time. 

The electrolytic process ot refining.— The anode is the alloy to be purified; 
the electrolyte a eoln. of gold chloride in hydrochloric acid ; and the cathode, a 
sheet of pure gold. On electrolysis fairly pure gold is deposited on the cathode, 



608 INORGANIC AND THEORETICAL CHEMISTRY 

> 

silver forma silver chloride which remains as a deposit about the anode. This 
process was brought out by E. WoblwilI, a in 1874. If the gold has a large pro¬ 
portion of silver, B. Mobiuft’ 1 process by electrolysis with silver nitrate as tho 
electrolyte is used. The main objection to the electrolytic process is the length of 
time required for the treatment, and this involves interest on the metal lying idle. 
Tho advantages are : absence of acid fumes, platinum and palladium are easily 
recovered from the anode mud. The working cost of the process is said to be about 
Id, or ljd per ounce of gold. Metal to the value of about £15,Q(X),(}00 is said to be 
treated annually by electrolysis. 

The separation or parting of gold and silver,— During the operation, the base 
metals are removed from both the precious metals, but to avoid the waste of acids, 
etc., the base metals are first removed by refining or toughening. In Pliny’s tune, 
the granulated metal was heated with a mixture of salt and brick dust for about 
36 hours. The alloy was not incited. The silver was converted into chloride. 
The silver chloride, brick-dust, etc., were separated from the gold by washing, and 
the silver recovered by amalgamation. This method of parting is sometimes 
called the cutnuntution process* Melting the alloy of silver and gold with sulphur or 
antimony sulphide are old and obsolete methcxls called sulphurizulion processes. 
In both cases, silver sulphide is formed as a seuui; with antimony sulphide an 
alloy of antimony and gold is simultaneously formed, and the antimony subsequently 
removed by oxidation. The chlorine and electrolytic processes of refining can also 
be used for parting. 

In the thirteenth century, Alhertus Magnus mentioned the parting of silver and 
gold by nitric acid t and the process was described by V. Biriugueeio in his De la 
frirotecnien (Venice, 1540), and by G. Agricola in his De re meUtUixiti (Basil, 1556). 
It was used in the Paris mint about 1514, and in the fjyndon mint about 1594, 
Silver is soluble in nitric acid, gold is not. If an alloy of silver and gold ho digested 
in nitric add, silver and not gold is dissolved, provided that at least twice as much 
silver as gold he present, and the acid has a sp. gr. of not less than 1'2G. In parting 
silver and gold, it is necessary to alloy the gold with up to about 75 per cent, of 
silver, if this proportion be not already present. The operation is called inqwwtalian. 
The alloy is then treated with nitric acid free from chlorides. The silver dissolves 
ns silver nitrate, and the gold remains behind as a brown powder. 

J. Kunekel used sulphuric acid 4 in place of nitrie acid, about 1760 ; the process 
was mentioned by H. T, Scheffer in his Historic v*im Hrftriden, in 1753, and parting 
with sulphuric aeid was used in the Paris mint by 0. d’Arcet, nephew of 
t f, 1\ F. d'Arcct, in 1802; the process is now comparatively common, because it is 
cheaper. Here tho alloy is boiled with sulphuric acid and then with nitric acid, The 
gold is not appreciably attacked, and remains behind as a brown porous mans. This 
is waslu-d, dried, and fused into a compact mass with sodium carbonate and charcoal. 
Any copper present is dissolved with the silver. The mixture of copper and silver 
sulphates is subsequently treated with scrap copper, when silver is precipitated ; 
Ag2B0 4 -|-Cu=GuS0 4 -|-2Ag; the copper sulphate is electrolyzed for copper, or 
crystallized and sold as blue&tone. The sulphuric acid process is said to furnish a less 
pure metal than either the chlorine or the electrolytic process; the alloy may 
contain lead and tellurium, while the platinum and palladium, if present, arc not 
recovered. With care, the method gives satisfactory results in most cases, and 
metal to the value of about £70,1)00,000 is refined annually by this process. Allowing 
for the sale of the copper sulphate obtained as a by-product, the operation is said 
to cost from 3d. to 4d. per ounce of gold. 

The soma principle i& applied in assaying gold ores. A weighed portion of thu ores is 
fltixcd along with borax, and load oxide uml a little charcoal. Eiomo metallic lend in reduced. 
This lead gathers tho gold and silver in the ores and collects oa a button at tho bottom of 
tho crucible. The button is cupelled and the boad of silver and gold is weighed. The 
bead ie inquartrd with silver and parted with nitric acid, Tho moulting gold is weighed. 
These data—weight of ore, weight of contained gold and silver, and weight of gold—enable 
an estimate to bo made ot the gold and silver in the ore. 
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The preparation d highly purified gold.—In 1R87, 0, Kriiss 6 prepared highly 
purified samples of gold by the following process: Commercially refined gold is 
heated with hydrochloric acid in a flask on a sand-bath, and cone, nitrio acid dropped 
into the liquid, in small quantities at a time. When all the metal is dissolved, the 
Boln. is evaporated in a porcelain dish over a water-bath until a drop of the red 
liquid solidifies to ft solid mass on cooling. Thu soln. must be protected from dust 
during the evaporation or some gold will he reduced from the soln. Distill^ water 
is added and the silver chloride filtered off. The soln. is then treated with an excess 
of ferrous chloride soln, and the brown precipitate allowed to settle. The clear liquid 
is decanted off ami the residue washed with dil. hydrochloric acid, and finallv with 
water until all the iron is removed. If much platinum be present the precipitation is 
best made with oxalic acid ; and if palladium be present, with sulphurous acid. 
The washed precipitate of gold is dried between 170° and 180°, and heated with 
cone, sulphuric acid in a platinum dish until the acid begins to give off dense white 
fumes. The object of tins treatment is to remove traces of silver. In his work on 
the at. wt. of gold, G. Kriiss repeated the digestion with sulphuric acid. The 
mixture, when oold, is poured into an excess of water, washed, dried, and fused 
with potassium bisulphntc in order to remove any traces of palladium. The 
product is washed with water, dried, and fused with nitre in order to remove any 
platinum or iridium. If the cold flux be colourless, it may be assumed that these 
metals are absent, G. Kriiss further dissolved the product in aqua regia, and 
precipitated the gold with sulphurous acid ; and yet again dissolved the product 
in aqua regia, and precipitated the gold with oxalic acid. 


REFERENCES. 

1 T. K. Rose, The MetaUnr^ of (fold. London, IE) Lit. 

1 L. Thompson, Jortnr. Rofi- Soc. Arte, 6& 17, 1838; F. ji. AJdlcr, Jonrn. Ciinti. Sac.. 21. 
500, IHGS; Chet*. AVvu, 21* 229 h 241, 1870; A. Lribiufl, *6„ 27. 121, 1873; E. DnmaH, UniL 
rf'Ata., [2), 19.448, 1872; H< Itohifty, Scient., (3), 2. 3«7, 1877 ; H, B, ChrisLy, Ttuttx. 

Aiticr. Imt. Mm. Kng.. 17. 3, 1888; LI St knhfin, Trim*. Inut, Aim. Alrt,. 28. 25, L010. 
a E. Wohlwill, ZeiL KkktTochc**., 4. 37<L T 40h, 421, 1898, 

* T, Ulke, JfzMmd Ind., 4. 343, ISlJJj; T* Eglrston, Timtirwni tifOuhl and Stlrer m the United 
State* Mint, London, 1889; ft Oiimbinner, Jitp. CttL State Min., &. 02, 1880; il. J. J Dims 
Janrn, Pht/*.,Sfi. 437, 1802: ,M\ F, d'Amst, Instruction relative A i'rcrf de lajftmtfji, 

Paris, 0, 1828; H. T, KuhelTcr, Ahhand. Su'edwk. Akad.) 16. 7, 1753; J. Kunekri. Vollstantigen 
iMlwrittorium Chffinieimt Berlin, 288, 17l>7. 

1 C. Km™, lAebn/« Ann.. 238. 39, 1887. 


§ 5, The Physical Properties of Gold 

Gold in mass is yellow ; it appears rod if the light be reflected from the surface 
of the metul many times before it reaches the eye. According to M. Faraday, 1 gold- 
leaf 0 00009 mm, thick is yellow by reflected light and green or bhiish-green in 
transmitted light; this fa bast seen by placing a sheet of leaf-gold between two 
sheets of glass, holding it up to the light, and viewing it through a magnifying Jena, 
L. Houllevigne produced films almost colourless by reflected light, and in transmitted 
light they varied in colour from rosu to violet. H, L. Barvir produced films which 
appeared red when very thin, and bluish or greenish when thicker. The hard and 
soft states oi a metal are regarded by G. T, Beil by as two phases—the former is 
amorphous, the latter crystalline. The different mechanical, optical, electrical, 
and thermoelectric properties indicate that there is a transition tomp.—amor¬ 
phous gold began to soften at 260 15 , and was quite soft at 280°. According to 
J. W, Mallet, the maximum thickness for translucenoy isU'20 mm.; G, Quincke gives 
0 GOBI 6 mm.; and C, G, Ehrenberg, 0 00109 mm, H. L, Barvir produced thin mirror- 
like films on glass by slowly evaporating two or three drops of auric chloride. 
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moistening the residue with clove oilj and warming; N. Castoro produced films by 
reducing neutral dll. solm with acrolein; C. Bchuyten warmed a soln, of auric 
chloride with one of mercuric bromide containing some antipyrine; C, Stateacu 
electrolyzed with 2 D to 30 milliampa fora few seconds a sob. of 15 grim each of 
potassium fcrrocyanide and sodium carbonate with 2 grins. of gold as chloride in a 
litre of water; H. L. Barvir heated a thin layer of a gold compound with ammonium 
chloride ; etc. G, Riimelin, and W. Beetz studied the formation of mirrors by the 
disintegration of gold and silver electrodes in vacuum tubes. The properties of 
thin films have been studied by J. C. Chapman and H. L. Porter, L, P. Wheeler, 
etc. M. Faraday showed that when a film is heated, it breaks up into beads; and 
H. Schottky observed that films 0'0S7/jt thick begin to break up when heated in 
air or hydrogen over According to T. Turner, gold-leaf doea not undergo 

any change at 600°, but rapidly becomes transparent at 550°; microscopic exami¬ 
nation showed that the film, originally translucent, becomes aggregated to opaque 
masses with clear spaces between. Soft gold, which has not been mechanically 
strained, does not show this sudden change of properties. G. Tammann found the 
recrystallization temp, of gold to be TSQMiOG 0 . Gold precipitated in a fine state 
of subdivision, varies in tint from red to dark brown; v$ry thin fibus of gold are 
crimson or purple in transmitted light— vide colloidal gold, 

t. B, L, Rom6 de Tlsle (1783), and R t J, Haijy (1801} 2 showed that the crystals 
of gold belong to the cubic system; it occurs in nature in the form of cubes, octa¬ 
hedra, rhombic dodecahedra, trapezohedra. The crystals arc rarely isolated and 
detached, but ratlicr in the form of branching, dendritic masses composed of micro¬ 
scopic octahedra. The isolated crystals occur in drift deposits, or in cavities left 
by the removal of iron pyrites or other soft materials from the quartos rocks, or 
they are found in the upper ferruginous or argillaceous crust of the reef. The gold 
which is embedded in massive quartz does not usually show any marked signs of 
crystallization. A, Liversidge obtained Widmanstatten’s figures, by etching the 
sliced and polished surface of gold nuggets. The surface of a slowly cooling 
mass of gold sometimes shows the faces and angles of octahedral crystals. 
G. W. A. Kahlbaum and co-workers obtained octahedral crystals by sublimation; 
L, Knaffl prepared good crystals by heating an amalgam with 1)5 pec cent, of 
mercury to 80* for some time and removing the excess of mercury with nitric acid 
of sp* gr. 1'3S j F. Rinne, by crystallization from a gold-lead alloy ; N. Averkieff 
also obtained hexahedral crystals by reducing gold chloride with formaldehyde, 
or, according to L, Knafil, amyl or methyl alcohol. The gold appears mostly in 
cubes and octahedra, J, flf, Maclarcn studied the effect of organic matter on 
the gold crystals; A. Ditte found that on placing a piece of quartz in a solm of 
gold in molten sodium thiosulphate, the gold was deposited on the edges and 
corners of the mineral. Feathery crystalline flakes were obtained by C, G, Lindhom 
by the electrolysis of a soln. of ammonium aurichlorido. Z, Jeffries and R, S. Archer 
give 200° as the lowest temp, at which the recrystallization of the cold-worked 
metal has been observed. According to A. Liversidge, it is no uncommon thing 
► to find natural gold in the form of capillary threads— moss, filiform, or hair gold 

_which arc often interlaced and twisted into beautiful and fantastic shapes ; also 

as thin plates or scales, baring a more or less fibrous surface, and at times in 
scales so exceedingly thin that they arc not thicker than ordinary gold-leaf. 
A. Liversidge obtained moss gold by roasting auriferous mispickel ores in a muffle 
—vide moss silver. X-r&diograms of crystals 3 of native gold show that the 
structural unite are arranged after the pattern of a face-centred cubic lattice, 
with sides 4'0B A., and the closest approach of the atoms 2'88 A- P, Sherrer’e 
measurements give 4 l 06xl0“ a cm. for the length of the edge of the elementary 
cube, N, Gross also described the structure of gold crystals, K. F. Static esti¬ 
mated the edge of the elementary cube of liquid and solid gold to be6'6xlO^* cm. 
E. Beckmann and O. Liesohe found that gold dissolves in boiling mercury as 
monatomic mols. M, N. Saha made estimates of the at. radius. 
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In the Arabian Book of the Best Thing* for the Knowledge of Mineral Buhxlm ices, 
by Abu-r-Raikan, written towards the end of the tenth century, the specific gravity 
of gold instated to be 1905, a number very dose to the value accepted at the present 
time; another Arabian writer, Al-Khazini, in his Book on the Balance of Wiedom, 
written in the twelfth century, gives this same number for the sp* gr. of gold, 
R* Boyle,* in 1690, gave 19 64 for the ap* gr. of gold. D. G. Fahrenheit (1725) gave 
19 081; G> Rose gav3 numbers between 19'2689 and 19'3336 (17 5) for sixteen 
samples of cast and pressed gold, M* Holzmann, 19*265 (13°); W* C. Roberts- 
Austen, 19 - 2945 for gold before rolling, 19 2982 for gold after once rolling* According 
to W* A* Tilden, liammered or rolled gold has a slightly greater sp. gr* than cast 
gold—cast gold at 18° has a sp. gr. 19*227, and hammered or compressed gold 
between 19 30 and 19 34; G. W. A. Kahlbaum and others have found similar 
results ; according to the latter, cast gold has a sp. gr* 18 8840 at 2fF, and hammered 
or compressed gold 19 - 26S5. F. C. A. H. Lantsberry found that cold work affects 
the mechanical and physical properties of metals generally, and that the sp. gr, of 
annealed gold is 19'2G01, that of cold-worked gold is 19'2504. According to 
T. M. Lowry, when gold is annealed at different temp, rising to 100°, it changes in 
volume, there is a small initial contraction followed by an expansion so that the 
original volume is restored; and T. M, Lowry and R, 0, Parker found that while 
the sp* gr. of gold en masse is 19 2818, that of the filings is IS'2169* According 
to N. Averkieff, gold precipitated by formaldehyde has a sp. gr. 19'43095 at 20°, 
and, according to G. Rose, gold precipitated by ferrous sulphate has a sp. gr. 
19 55 to 2072 ; and with oxalic acid, 1949. The best representative value of 
the sp. gr. of gold is 19'3* According to G. Quincke, the sp. gr. of liquid gold at 
1120° is 18'38. 

The baldness of gold lies between that of zinc and tin or between 2 5 and 3 on 
Mohs* scale ; if the hardness of steel be 100, that of fine gold is 27 ; and, according 
to B. Kerl,s iridium and osmiiidium augment the hardness of gold. The Brincll 
hardness of cast and slowly cooled gold is 44’5, but, according to A. Hanriot, the 
value is too high ; C. A* Edwards gave 33 01* C. Calvert and R, Johnson found 
the hardness of gold as related to that of silver and copper ia 4:5:72; the ratio 
on J. R, Rydberg's scale is 2u : 27 : 3 0 ; on F, Auerbach's scale, 97 : 91 : 95 ; and 
on R Bottoue's scale, 979 : 990 : 1360. 

The malleability and ductility of gold are very high, Pliny was wrong in stating 
in Lis Hisforia naturali (33. 19) that these qualities with gold are inferior to those 
of lead, and he seems to contradict this later by saying that “gold possesses above 
all other metals the property of being spun and woven into garments like wool." 
According to J. W. Mallet, thin sheets can be made 0'08/i to 01thick. According 
to J* Fournet,® it has been made into sheets nearly 0 00001 mm, thick, and drawn 
into wire bo thin that a gram of metal is extended to 2000 metres, A film of gold 
023x10” 0 mm. thick appears under the microscope as a continuous film. Pulvern-* 
lent gold may be welded like platinum, and rolled into sheets, S, Kalischer stated 
that rolled gold is not crystalline, but becomes ho when heated to redness. These 
qualities are greatly influenced by the presence of foreign metals. Lead, for example, 
was found by F* Mylius to make gold very brittle, while, according to E, Yigouroux, 
small quantities of copper, lead, arsenic, antimony, or bismuth considerably diminish 
the malleability of gold, while zinc, nickel, tin, and platinum behave similarly, but 
to a smaller degree. Less than 0*015 per cent, of silicon makea gold very soft. 
According to F. A. and 0. L. Lmdemann, gold is brittle at the temp* of liquid 
hydrogen or liquid air* 

According to 0* Quincke, 7 the surface tension, <r, of gold Is 531 dynes per cm.; 
A, Heydweiller gives lor the surface tension of gold at 1070°, 61£'2 dynes per cm,, 
and for the capillary constant, a 2 , 6*90 sq. mm. at 1120°; R W. Smith gives 
respectively u=1018 dynes per cm. and a B =ll'29 sq* mm. He also shows that the 
surface tensions and capillary constants of the metals fit in with the periodic law. 
I, Traube gives for the intrinsic pressure of the solid 178,500 megabars. A. Masson * 
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givc&^ SlCxlO 4 tins, per sec. for the velocity ol sound in gold; and G, Wcrtheim 
gives for annealed gold, 17413X1U 4 cms. pur sec. between 15° and 20°, and 2T122 
XlO* wns, per see. for annealed gold at 10°. C. E, Guye and eo-workcrs have 
calculated the internal viscosity of metals from the logarithmic decrement of 
oscillating wires, anil M. Ishimoto from tuning-forks and oscillating pendulums. 
A. Johnscn found the plastic flow of gold is diminished by cooling the metal in 
liquid air. W. C. Roberts-Austen found that the diffusion coefficient of gold in 
molten lead corresponds with 3 oms. in one day at 492" or 0 023 cm. per day at 
251 c ; and he estimated that at 18°, it would diffuse 7 mm, in four years. 
C. Eh van Orstrand and F. P. Dewey found that if k represents the oooft, of diffusion, 
7 r o the initial cone, of gold in solid lead, then, at 100°, A-0 0002, when ^ -00023 
per cent.; at 150°, 4=0 (104, when u 0 =0'()O74 to 0 0123 ; and at 197°, 4=0-0068, 
when f 0 ranges from 0 0155 to 0 0223 ; they also found at 150°, with ranging from 
0006 to 0'012, A=0 + 005 when the press, p is one atm. t>er sq, in.; 4=0*011, when 
atm. per, sq. in, W. C r Roberts-Austen found that the corff* of diffusion, 
it, in cals, per cm. cube per day, for gold m mercury is 0 72 at U y ; for gold 
in bismuth, 4 52 at 500"; and for gold in tin at 500 u , 4 65. W. Fraenkel and 
H r Houben found the couff. of diffusion of gold in silver at 870* i.e. 1IM>° below 
the m.p. of silver* to be 0 000037 per sq. cm. per day. 

Aeilording to T. W. Richards, 1 * the compressibility of gold is 064x10^ at 21 \° l 
i.s, 004xl0~ ft is the average fractional change of the original vnl, caused by a 
press. of one megabar, or 10° dynes jier sq. cm,, between UK) and 500 megabars. 
L, H. Adams, E. D. Williamson, and J. Johnston give (>’57 XlO - *, and they represent 
the change in vol. between the press* and p by —(J-0<KKK>5-]-(J 0<KXXX*5fi3[p— j?q). 
J, Y. Buchanan gave 0 260XlO -0 per atm. for the linear compressibility. 

According to G. Wertheim, the coeff. of resistance of gold to extension, a.e. the 
modulus Of elasticity, or Young’s modulus for drawn wires, is 3131 kgrms. per 
sq. mm., and for the annealed metal 55'84 kgrms, per sq. mm. S. Katzcnebokn in 
gave 98’00 kgrms. per sq. mm., and G. S. Meyer, 86-30 kgrms, per sq. mm. for the 
diawn wire, while W. Voigt gave 75 80 kgnns. per sq. mm. for cast gold. The 
usually accepted value is 8'OXlO 11 dynes per sq. cm,, or 760 grms. per sq. cm. at 
15°, with a maximum 980 and a minimum 559 grins, per sq. cm. The values at 
different temp, have been determined by G. Wcrtheim, who obtained 55'81, 51 08, 
and 54 82 respectively for the metal at 15°, I00 y , and 200*, and 9. Kat^enelsohn 
obtained 3 92 for the |>en;entage decrease between 0 C and A, Wassmuth 

obtained a tump, coefT. 4 09, K, R. Koch and C. Dauneckerfound that the fall in the 
modulus of elasticity is gradual and uniform with rise of temp. A. Malice k obtained 
l l 32 for the ratio of Young’s modulus at0° K. to its value at 273 n K. N. S, Kurnukoif 
and S. F, Scbemtschuschny have measured the pressure of jokvtiic flow and shown 
that gold, along with other metals, behaves like liquids with high internal friction 
hndor slow deformation, and like clastic brittle solids under raj)id deformation, 
G, Tanmiann gave 49 kgrms, ]jcr sq. cm. for the elastic limit of gold. The ratio of 
the lateral contraction to tlie longitudinal extension, or Poisson’s ratio for gold, is 
0'422. The volume elasticity, cubic elasticity, or bulk modulus of gold is 166 dynes 
per sq* cm. The resistance to shearing, or the rigidity or torsion or shear modulus 
of gold, is3’77xlO i:t dynes per sq. cm, B. KaUenelsohn gave 3950 kgrms. per 
sq* mm. \ W, Voigt gives 2850, and F. Horton, £495 kgrms. per sq. mm* 
F, HoTton gives 2445 kgrms. per sq. mm. at 15° ; 2430 kgrms. per sq. nim. at 34" ; 
2400 kgrms* per sq, mm* at 75°; and £386 Icgnus. per sq. mm. at 98 D . He also 
gives 3069 for the temp, ooeff,, or the rigidity n at is 1—2-45(0—15) f XlO 11 

.dynes per cm. C, Schafer gives —301 for the temp, coeff. between atm. temp, 
and low temp* 

A. Bandrimont 11 found the totuila strength of cast gold to be 14 45 kgrms. per 
sq, mm., 2035 to 3315 kgrms. per sq, mm, for the hard-drawn wire, and 1710 to 
1880 kgrms. per sq. mm. for the annealed metal* The tensile strength of a gold 
wire, one mm. thickness before and after annealing, was as 1:0'69, and at 0 a the 



GOLD 


513 


tensile strength is 19 kgims, per sq. mm.; at 100% 15 8 kgrms,; and at 200% 131 
kgnufc. persq. mm* G. T, andG. N, Bcilby gave 15 6 tons per sq. in, as the maximum 
tensile strength of gold at ordinary temp, F, A, and U. L. Lindemann found the 
tensile strength of a 0 0513 mm, thick wire to be 134 kgrms. per sq. mm, at —192% 
and 98 (J kgrms. per sq. mm, at 170% J. Dewar found the breaking stress of a 
gold wire 0 098 in, in diameter, to he 255 lbs, at 15% and 340 lbs, at —182°, 
W, 0. ilobert»“Anstyn measured the tensile strength of gold alloyed with about 
0 2 per cent, of various metals, and found that elements with a higher at, vol, than 
gold lower the tenacity very considerably, while elements with a similar or lower 
at, vol. than gqld increase the tenacity. Silver, with nearly the same at, vol. as 
gold, has very little influence on the tenacity. W, 0, Roberts-Austen’s results are 
shown in Tabic 111, where the tensile strength of the purified metal is 7 tone pec 
sq. in. 

Table IT T,— Influence oj Impurities on the Tensile Strength of Gold, 



Impurity, 


TfMSile attuhtith 
Ians per mi, iucJi 

KlfTHL’llt, 

i Per cent. } 

;_ _1 . 

At. "rol. 

I'utawhNivi] . 

. ^ IfcW 0 2 ; 

45 L 

Below 0 6 

liinmulh 

0’2MJ 

20 0 

Noftrly 0 5 


IH8G i 

20 A 

3-88 

Load 

0 240 ; 

130 

4 17 

Thallium 

0103 

17-2 

0-21 

Tin , 

0190 | 

Jti’2 

6-21 

Antimony . 

0 203 i 

179 ; 

Nearly 0 

Cadmium . 

0-202 

12-0 

0-88 

bdvci- 

0-200 

J0-1 ■ 

! 710 

Palladium . 

, 1 0206 

9-4 i 

l 710 

Zinc ► 

, , 0-203 

01 i 

i 7-54 

Rhodium 

0 2 (nearly) 

8-4 , 

i 7-70 

Manganese 

. ' p-307 

G-8 j 

; 7-«a 

Indium 

0 290 j 

1G-3 

709 

Copper 

0-193 1 

7 0 

8 22 

Lithium 

. : 0-20J 

11-8 

! 8-87 

Aluminium 

o-m 

io a 

8-87 


A. L. Lavoisier and P, S. Laplace, 12 in 1782, made the first exact measurements 
of the coeff, of expansion of gold, and found between (f and 100% 00OG01466 for 
fine gold; O’00O01552Lfor gold not annealed, and 000001514 for the annealed metal. 
According to H. Fiue&u, the eoeff. of linear expansion of gold between 0° and 100° 
Is O OOOU1451; A, Matthieesen gave 0‘fKKJ0U(i3 at 20° ; W. Voigt, 01)0001390 at 
30*; according to A, Miillor, the coed, of linear expansion a, at 0* is a—0'000014157 
-J-O (XJO0U0215d between 0° and 520* ; W. Voigt gave a^O-0OOOl4l4-H)’0OO0O239- 
(0-30), and, according to A. Matthiesaen, the volume v of gold at 0* is 
ff=*io(I+OOOOO4O750^000000033602), where v 0 is the volume at 0% or the 
coeff, of cubical expauaion is about 0 000043 at 20°. E, Griineisen found 
the mean coeiL of linear expansion between —191° and 17% 0—0 00001316 \ 
between —18 3 Q and l6 + 4% a=O'OO0Ql32O; between 161° and 100'6% a=OO0QO1434; 
between 15and 100'5% 0^00001429; and between 17’7° and 100 3% 
a=0 , 00001430, J, C. Chapman and H. L, Porter suspended a piece of gold wire 
with a light load and found that when heated to 184% the expansion is regular, and 
the length then remains constant up to 340% whereafter there is an abrupt con¬ 
traction, H, F. Wiebe found that the relation oJ/D=0-000121 for copper, 0'OOO197 
for silver, and 0-00047 for gold, when a denote* the coefi. of expansion, D the sp, gr., 
and A the at, wt. of the element. 

According to G. Wiedemann and B. Franz, 19 the thermal conductivity of gold 

vol, nr.< , 2i * 
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is about half as great as that of silver (f.u.J. J. H, Gray found for the mean con¬ 
ductivity of copper, between 10° and 97°* numbers between O'96 and 032 cal. 
per degree difference of temp, per cm. per see.—the exact value depends on the 
purity of the metal; for silver and gold the respective values were 09628 and 
0'7464. W. Jiiger and H. Diesaelhorst found for pure gold at 1S C * 0 7003, and at 
100°, O'7027, which represents a temp, coelf. or an increase of about 0'03 per cent. 
For 99 8 per cent, metal 0 4278 at 18* and 0 4708 at 1(X£. E. H, Hall has studied 
this subject. 

H. V. Regnault found the specific boat of gold between 12° and 98° to beQ03244 ; 
■T, Yiolle 14 found between U° and 100°. 0 0316; G. W. A. Kahlbaum* K. Roth, 
and P. Biedler found a ap. ht. of 0 0309 for gold with 0'1 per cent, of impurity, 
and 0 03087 for the same metal after compression ; W. A. Tilden found 0*03035 
between 0° and 100° , H. Schimpff found 0 0302 at 0° ; W. Voigt gave 0 0303 for 
a nearly pure sample between 18* and 99 c ; P. Nordmeyer and A. Bernoulli, 0 0348 
between —185 fl and 20° ; T. W. Richards and F. G. Jackson, 0 0297 at —188° ; 
and J. Dewar, 0 0160 at about —223*. Below 0° the ap, ht. is: 


Sp. ht. . 

0* 

0f>302 

-23° 

0 0298 

-73* 

Q-028S 

—122* 

0*0277 

—173" 

ouseo 

—EgS" 
00100 

and above 0 D : 

Sp. ht. 

so* 

01)3042 

100* 

01)3065 

m 9 

0 03 H0 

Son* 

0 03283 

1000* 

0 03460 

IQ03-F 

0 0349 


Consequently, the atomic heat rises from 316 at —223 d to 5 9G at 0°. and to 6 + 88 
at 10635°. 

According to T. K. Rose, when rolled gold is heated, the metal softens and, 
after passing through a pasty stage, it melts at a dair heat just below the 
m.p. of copper, and above that of silver. The temp, at which the softening occurs 
is higher when impurities are present, e.g. 0 002 per cent, of hydrogen raises it from 
150° to 300° ’ and 0 005 per cent, of copper raises it to 250*. Numbers between 
the 1035° of J. Violle 1& and the 1421° of L. B. G. de Morvean have been given for the 
melting point of gold. C. T. Heycodc and F. H, Neville gave 1061-7° ; A. Jaquerod 
and F. L. Perrofc gave 1067° at 200 mm. press.; L. Holbom and A. L. Day gave 
1063 9° ; E. Tiede and E, Bimbrauer, 1060°; H, Callendar, 1061° ; A. L. Day and 
J. K. Clement gave 1059'3* + l D ; A. L. Day aud R. B. Sosmao gave 1062 4*-j-0 8 D ; 
W. C. Roberts-Austen and T. K. Rose, L. I. Dana and P, D. Foote, TV. Guertler 
and M. Pirani, and K. Scheel gave 1063°, which happens to coincide with the best 
representative value deduced from the best of the modern determinations. 
According to L. Holborn and A. L. Day* the absorption of oxygen by gold had 
very little influence nn the m.p., and does not exceed the error of experiment. 
G. 8. M. Pouillet showed that there is a considerable expansion during the melting 
of gold, and, conversely, in freezing there is a large contraction, so that this metal 
is not suitable for casting in moulds. C. T. Hcycock and F. H. Neville measured 
the lowering of the f.p. of sodium, cadmium, load, and bismuth by the sola, of a 
gram-atom of gold in approximately 100 gram-atoms of the solvent. With tin as 
solvent there was a rise in the f.p. 

Up to Ahe beginning of the eighteenth century no one had noticed any mans 
of the volatiliaatian of gold at a high temp. In 1709* W, Homberggilded a 
silver plate by bolding it over gold strongly heated in the focus of a burning lens; 
and in 1302* R. Hare observed the rapid volatilization of gold heated by the 
ordinary blowpipe, and he found that in a few seconds the vapour stained violet a 
bone-ash cupel. H, St. C. Devillo and H. Debray volatilized and condensed gold 
when melting it with platinum. E, Tiede and E, Bimbrauer noted volatilisation 
begins at 970° in vacuo. J. Napier* W. Fuchs, C, F, Plattner, 8. B. Christy* 
G, H. Matins, T. E. Rose* E. Friedrich, L. Eisner* W. Lampadius, etc.* have 
studied the losses due to the volatilization of gold in the oxidizing and chloridmng 
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rotating of ores, and in the cupell&tion of gold or of gold alloys. The Iobs of gold 
by volatilization during the pelting of its alloys is the common experience of 
mints. T. K. Rose found the loss with pure gold in probably nil at the m.p.; 
it is insignificant at 1075*, being 0 09 part per 1000 per hour; at 1125", the lows 
was 100 per 1000 per hour; and at liJ50 a , the Joss was 2 00 per 1000 per hour— 
that is, the loss is about four times as great at 1250* as at 1100*. T. K. Rose 
further observed that tlu loss by volatilization is probably independent of the 
nature of the atm. provided it remains unchanged. There are, however, losses 
which appear to depend on the nature of the atm., thus, the loss appears to bo 
twice as great in an atm, of carbon monoxide and six times as great in an atm. 
of coal gun as it is in air. Hence, a protective layer of charcoal on the surface of 
the molten metal increases the loss by volatilization. The looses in a reducing 
atm. are due to spirting where showers of globules of metal of all sizes are thrown 
up, and the smaller ones, especially those less than G'OGl mm. in diameter, are 
carried away by a draught, however slight, and arc difficult to recover. They 
can be recovered by such a filter as cotton wool It is this action winch causes 
the unrecovered losses in the crucible melting of gold alloys without a covering of 
slag. It is therefore difficult to judge from published reports of the volatilisation 
of gold which are due to true vaporization, and which are due to the mechanical 
transport of fiue gold spray. The rate of volatilization was found by T. K. Bose 
to be augmented by the presence of metal impurities—even a non-volatile metal 
like platinum, slightly accelerates the rate of volatilization; lead also has a slight 
effect' copper and zinc, a greater effect ; whde antimony and mercury are still 
more active. With 0 0 grm t of thin foil, 999 6 fine, containing 0 025 grm. of 
impurity, T, K. Rose found the loss of gold per 1000 was with the fine gold 0'12, 
and with gold alloyed with 

Fb M As Sb m He Cd Zn Cu Ft 

hose , . 0 h 30 0-30 0S0 100 050 O flO 055 100 0-J55 

The loss with tellurium was between 3 and 4 per cent. According to J. H. Niemann, 
selenium also favours the volatilization of gold, T. K. Rose showed that tellurium 
does not cause the volatilization of gold at temp, below 1UX)°, and that the observed 
losses in roasting tclluride ores are due to the mechanical transport of fine dust or 
absorption by the furnace bottoms. The metals most effective in reducing tins 
surface tension of the molten gold increase the volatility in the greatest degree. 
The loss is greater when the liquid is thrown into waves by heating the metal in a 
jet of gas of considerable velocity such as occurs when the metal is heated by the 
blast blowpipe—probably some of the gold here passes off as spray, H. Moissan 
vaporized 60 grins, of gold in six minutes in his electric furnace, and he showed that 
when th« vapour is condensed in a cold tube, small cubic crystals or filiform gold 
are produced. The vapour is yellowish-green. A. Schuller found that when gold 
is heated in a quartz tube in vacuo, it commences bo vaporize at 1070*. W. Mosto- 
witaeh and W. Pletneff did not detect any volatilization when pure gold is heated 
between 1100° and 1400 c for 25 mins, in air, oxygen, nitrogen, or in carbon monoxide 
or dioxide, but the volatility is noticeable in hydrogen at 1250°, thus : 

1250“ 1&00* 1350 s 1*00* 

Percentage volatilized , * U'OSG O'OEJG O'lOfi Q'2£H) 

The quartz boat was also coloured an intense rod when heated m hydrogen, but 
not in other gases. It has been suggested that possibly gold hydride is formed, and 
that this breaks down immediately into hydrogen and gold; it is also possible 
that the evolution of occluded gas carries some of the metal mechanically as spray. 
J, W. Richards calculated the vapour pressure of gold in mm. of mercury to be : 

042 * 1106* l«r 1877* 2322" 2456* £680* 

v&p. press, . 0-0002 0-013 0-0779 20-35 300 548 700 mm. 
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0■ Ruff and B. Bcrgd&hl observed 130 mm, at 2315°; 296 mm. at 2450*; 332 mm* 
at 2480*; 400 mm. at 2500°; and 760 mm. at 2600°. J* A. M. van Lieinpfc repre¬ 
sented the vap. press, p atm. by logic p™ 7 20—207M 1-1 , F, Krafft and L. Bere- 
fe3d found the b,p, of gold in vacuo i? 1800 s , and they observed d’m gfafowe 
that the difference between the temp, of commencement of vaporisation and the 
b.p. in vacuo is the same aa that which exists between the b.p. in vacuo and in 
atm. air. This makes the boiling point of gold 2530%at atm, press.; 3167* at 
8 atm. press,; 4057° at 50 atm, press.; and 4858° at 1G2 atm. press. 0. Huff 
and B. Bergdahl give 2600° for the b.p. at atm. press.; E. Tiede and E. Bimbrauer, 
2l'P° in vacuo ; and J, A. M. van Liernpt, 2011° at atm, press, J, W, Richards 1 
estimate for the l&tent heat of fusion of gold is 16'3 cals, per gram. F. Wust and 
co-workers found 15-87 cals., and J, W* Richards estimated tho latent heat of vapori¬ 
zation of gold is 84‘47 Cals. per mol, or 32'7 cals, per gram ; J. A. M. van Liernpt 
gave 95,060 cals, at the b,p, G. N. lewis and co-workers give 11'0 for the entropy 
of gold at 25° and atm. press. 

Gold, like copper, selectively emits a greenish or bluish light at a high temp. 
According to KirchhofTs radiation law, the selective emission and selective reflec¬ 
tivity of these metals at ordinary temp, gives rise to the colour. If E denotes the 
erjiissivity of a surface at a temp, T , and E 0 be the emissivity of a black body 
at the same temp., the absorptivity A is connected therewith by the relation 
E}E 0 x=A ; the ratio EjE 0 , called the relative emiSftTtty, has been measured for 
gold by C, M. Stubbs and E, B, R. Pridesux, 17 and a selection from their results 
is shown in Table IV. There is a sharp discontinuity on pacing from the solid 

Takl.ee JV.- Tnii Kklativk Kmilwivii'y uf Sou it Atm Lumio Goi.ii. 


07014ii 

0 5805 m, 
0!>41&ii 
0 - 4901 ** 
04750,* 



talld gold. 



Lkutt gflM. 


04B* j 

1040° | 

w 

Ifran, 

3007° 

.. 

1177* 

.. 

Mean. 

01154 

0134 

OT&3 

0103 

0-202 


0174 

0-184 

. 0-lttB 

1H44 i 

0-143 

0*1435 

0-220 

022li 

0220 

0-232 

! 02*1 

0220 i 

0*221 : 

0'23R 

0303 

0204 

0300 

; 0 304 

: G-379 

0 371 : 

0 30(3 

0-371 

0333 

03B1 

0-3S4 

0 300 

i 0520 

0-405 ' 

— 

0-4945 

0'485 

0-413 

0-4SKI 

0-473 

0-505 

0-402 ' 

— 

0-531 

— 


0-547 

0-603 


to the liquid state, so that the relative cmisnivity of solid gold for the red and 
yellow rays is weaker, and for the extreme blue rays stronger than for the molten 
metal. L. Meibom and F, Henning atate that there ia no change in the emissivity 
at the m,p., and that the emitted light was so uniform that the difference in the 
two phases could be perceived only by shaking the crucible. Hence, the solid 
phase is evident by its having a deeper blue colour. C. E. Mendenhall and 
L. R, Ingersoll also found that gold and other metals show a marked increase of 
radiation on melting. The shapes of the curves with different wave-longtha are 
different; the curve for solid gold at high temp, is similar to that obtained from 
absorptivity at low temp., but whether the two are identical, and whether EjE 0 =A, 
baa not been determined on account of the change of structure which a polished 
surface undergoes on heating. A, G. Worthing has also studied this subject. 

The optical constants of gold, namely, the refractive index* p, and the absorp¬ 
tion Index* k, as well as the extinction coefficient, pk, have been defined in con¬ 
nection with the optical constants of copper ■ similar remarks apply to the angle 
of principal incidence, tj> } and the angle of principal azimuth, iji, d polarized 
light* A selection of these constants by K, Foretelling and V. Friedfrickaz 1 * 
ia indicated in Table V* The index of refraction has been studied by W. Meier, 
H Rubens, P. Drude, G, Quincke, A. Kundt, A* Pflttger, H. du Bois and H. Rubens, 
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Table V.—Optto4l Constants of Gold. 


GIT 


A 

$ 

j 

+ 


k 

fA 

H>0/* 

81*45' 

44* GO' 

0-24 

28*0 

0-7 

2-OOu 

85* 30' 

43* W 

0-47 | 

26-7 

12-5 

Z'Mft 

87* 05' 

43 th GO' 

0-80 

24-5 | 

100 

frQQp 

88* 15' 

43 d 25' 

I'81 

18 T 

1 

33-0 


etc, D + Shea found for the a-Li-line, p=0*29 (A- Pfluger gave 0’20); for the 
Mine, G'GG (A* Kundt gave 0 58); for the jFdine, 0 82 {A. Pfliiger gave 1'04 ); 
and for the ft-line, 0*93 (A. Kundt gave 1*03)- W, Meier's values for the index of 
refraction, absorption index, and extinction coeff., are : 

A. > - 02573 02081 03811 04413 0-5080 0-5803 00080 

a . , . 0-018 ] -100 1-300 I -170 0-!H« 0-400 0-355 

fc ■ « . 1-243 l 230 1-340 1572 2 574 (i-030 0034 

{tk ■ ■ 1-420 1-374 1-750 H*40 2m 2820 3'200 

13, Hagen ami H. Rubens give for the reflecting power (per cent.), *.<?. the percentage 
reflecting power* R y of gold in air, that is, the ratio of the intensity of the reflected 
ray to that of the incident ray for light of wave-length A : 

A = 0-25 ip O-305/U 0'3ft7p 0-3 86^ 0 420^ 1J-5O0p O'MOO/i 0 800, t I-00/* l-50/t 
rt-38’8 31-8 27 0 27 1 20 3 47 0 84 4 04-0 07 1 07 3 

The reflectivity and other optical constants of gold were shown by J. Konigsberger, 
A. Ffliiger, and P, Drude to have 1 no appreciable temp, eoefl. in the visible spectrum. 
J. Conroy, and f Jr P. Wheeler have studied the reflecting power of gold in water 
and in carbon disulphide ; and F. Henning has investigated the emisaivity of gold. 
1. C. Gardner measured tho reflection coeff. for Schumann's region of the spectrum. 
If. Knoblauch has measured the polarization angle of tho heat rays—6fi , - l 5t>°- 
The angle of principal incidence haa been observed by C, Stateacu, etc. ; tho 
angle of principal azimuth by K. Fiirsterlmg and V. Freederickaz, etc. ; H, Kno¬ 
blauch, and F. Sehon have studied the anomalous dispel ion. J. H. Gladstone gave 
for the refraction equivalent of gold A{p— 1)//J -“231, when A denotes the at. 
wt. of the metal, J) the sp + gr., and fi the index of refraction. M, Faniday noted 
the action of thin films of gold ou polarized light, Y. Rjdrnstahl found that tho 
colloidal particles of geld sol are magnetically anisotropic, while tho crystals of 
gold am isotropic, heme it is concluded that the two forms of gold belong to 
different crystal systems. 

According to L. de Boisbaudran, 1 ® gold chloride imparts a greenish colour to 
the Bunsen's flame, and the flame spectrum is indicated in Fig. 5. It con¬ 
sists of a series of linrs stretching from the yellow to the bluish-green. 



Fiu. G.—Flame Spectrum of Gold Chloride. 


The spectrum is clearer if the auric chloride is volatilized in hydrogen. Hydrogen 
chloride is needed for the production of this spectrum, which is therefore regarded 
as due to the gold chloride, and not to gold alone. W. N. Hartley and H. W. 
Moss have studied the spark and the oxy-hydrogen flame spectrum. The 
spark spectrum of gold chloride, showu in Fig. 6, has some bonds corre¬ 
sponding with the flame spectrum, and, in addition, there are brilliant sharp 
lines due to gold itself. B. do la Roche studied the effect of reducing gases— 
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hydrogen and coal gfra—on the spectrum of gold. According to H, TV, Vogel, the 
spectrum is clearer when the spark gap is large. W. Huggins, R, Thalen, G. 
Kirchhoff, A. de Gramont, F. Exner and E; Haschek, H. Kayser and C. Rung?, 
F. M. Walters, and G. Kriiss, have measured parts of the spark spectrum. The 
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Fic. 6.—Spark Spectrum of Gold Chloride. 

more prominent lines are 2932'3, 30293, and 31226 in the ultra-violet; 3898 0 and 
4065'2 in the violet \ 4437 4 and 4792 8 in the blue; 55064'? in the green j 5658 0 
and 5837*6 in the yellow; and. 5957 2 and 62784 in the orange or red, J, M, 
Eder and E. Valcntahave located GGO lines, H, Lehmann found the line A=7509'8 
to he the most intense of those in the ultra-red emission spectrum, and A—109823 
to he the weakest, while A—9208 0 is intermediate in intensity, .T, M. Eder found 
A- 2340 22 to be the most intense line in the ultra-violet spectrum, L. and E, 
Block studied tlits spectrum between A--=1850 and A=1401 in the extreme ultra¬ 
violet, According bo P. G. Nutting, the single and simple lines of the spark 
spectrum are broadened by increasing the intensity of tbe source of light. The arc 
spectrum has been studied by M. Quincke, etc, A. G. G. Leonard and P. Whelan 
have studied the spark spectra of dil. soln. of gold chloride with a view of detecting 
small quantities of the element. W. Hartmann, W. Michelaon, and J, K, Purvis 
have studied the influence of a strong magiictic fldd— the Zeeman effect on the 
spectral lines. W. G, Duftiold found the lines are broadened by an increasing 
p/mure, J. W. Mallet investigated the absorption spectrum of colloidal hydrosols 
of gold and ruby-coloured glass. 

According to W. M. I-ficks, the series spectra of copper, silver, and gold furnish 
clear evidence of being built on the same plan, although they st em defective in 
representatives of the ordinary series lines, and show some apparent deviations from 
relations exhibited by other groups. According to H, Kayser and 0, Rung?, 
there aie two pairs of lines with a constant difference in the vibration frequency : 
the first pair of wave-lengths, 2676 On and 2428 (16, and the second pair, 6278 37 
and 5064 75 ; the differences in the vibration frequencies are in both cases nearly 
the same. The first named corresponds with the isolated pair in the spectra of 
silver and gold, and was therefore regarded by J. R. llydberg as the first member 
of a principal series. The second pair is possibly a member of a subordinate series, 
W. M + Hicks has shown the existence of a series in the ultra-Ted and one in the ultra- 
violet. The available data have been reviewed by A, Fowler, 

According to Jb C, Cobb,^ 0 gold become* photographically active after it has 
been exposed to the discharge of a Ruhmkorff coil. For the radioactivity, see 
N. R + Campbell, For the action of a-r&ys, see H, A, Bumstead and A. G. McGougan, 
N. R, Campbell, H. Geiger, E. Maraden and co-workers, J. A. Gray, etc. According 
to W, H. Bragg, the stopping power s of substances for the a-rflys is approximately 

n ortional to the stp root of the at. wt., A, and for gold, s=4 45, and yd =3 70, 
.utherford and J, Chadwick found little if any evidence of the emission of long- 
range a-particles, changed hydrogen atoms, when gold is exposed to o-rays from 
radium-C. H. R, von Traubenberg found the range of a-rays in gold to ho 
14 QXlO -4 ems, J. Crowther found the coeff. of absorption p, for the /f-rays is 
‘ approximately proportional to the sp. gr. D, and for gold, ja/I>=9'5. For the 
heat developed during the absorption of radiations, sec C. W. Richardson and 
H. L. Cooke. On the characteristics of the X*fay8 emitted by various metals* 
ace C. G* Barkla and C. A, Sadler. The high frequency or X-ray spectrum has 
been investigated by D, Coster, A, Dauvillier, etc. E. Hjalmar, M. de Broglie, 
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and W. Duane and co-workers measured the absorption of X-rays by gold. The 
photoelectric effect with gold has been measured by W, Ramsay and J. F. Spencer p sl 
who arrange the copper family in the order Au, Gu, Ag; K, Herrmann gives the order 
Cu, Ag, Au ; E, Lauenburg, and K. A, Millikan and G. Winchester give the order 
Cu, Au, Ag. W. Prese found, that the photoelectric sensitiveness of gold is not 
affected by treatment with water or alcohol* Fb Ladeuburg 22 showed that a 
photoelectric effect can be obtained by passing ultra-violet light through a film, of 
gold, and 0, Stuhlmann found that the effect produced by the emergent beam is 
in general greater than that produced by the incident beam. M> N> Saha studied 
the ionizing potential of gold. 

The electrical conductivity, A, of gold has been the subject of many measure¬ 
ments. A. Matthebsen and A. von Bose 23 found that if the conductivity of mercury 
lie unity at U Q , the conductivity of hard-drawn gold is 17 07 ; and of softened gold, 
47'92 \ otherwise expressed, the specific conductivities in reciprocal ohms of hard 
and soft gold are respectively 46’8x30* and 47'GxlO 4 . If A be the conductivity 
at 6 between 0° and 100°, Ag the conductivity at 0 P , A --Ao(l -0O03G7450 
+0’ 0000844 20 2 ). W, Jiiger and H. Diesaelhorat give for the conductivity of hard- 
drawn gold 41'28xl0 4 rec. ohms at 18°, and 32I3xl0 4 at lLKJ° ; the conductivity 
is much reduced when the metal is impure, thus gold containing O f per cent, of 
tellurium and O'l per cent, of copper had a specific conductivity of 24 98 xlO 4 
rec. ohms at 18°, and 21-24x10* rec H ohms at 100°, J\ Dewar and J, A. Fleming 
found that for gold 999-fine : 

-w — ioo . 5 * <r uo-4* wf 

A , M6-8XJ0 1 7:i-a X 10* Afi'R X 10* 34 Ox M 1 gWrtxifJ* itt'. oJutis 

G. Niccolai aluo found the electrical conductivity decreases with a rise of teitqwra- 
ture t and increases as the temp, is lowered. Conversely, ,f. Dewar and J, A. Fleming 
found the electrical resistance, i£, to fall from 2197 X id' 9 ohms at 0° to I849xl0 -B 
ohms at 44°; 1548-5x10-® ohms at -SliP ; to l»Hx Ur D ohms at—106*1*; 
and to 681*3 xl0 -fl at 197 "1°. The temp, coeff, between 0 y and MO* is «^0‘00377 
in a0). L, Holbam gave O'OO^X) for the temp, coeff. of the resistance per 

degree between 0“ and 100“. K F. Northrup measured the electrical resistance of 
gold in micro-ohms per c.c. between 20° and 1500*, and found: 

U0* amo* W 8W U UltfC" lL»(y p KM33 U 120(1' hikt iwc 0 

ft , 2-316 4-72 6-62 094 12* 5 iA50 30-83 3L70 3417 37 00 

SciMd. T.ftuH. 

The change in the resistance of molten gold with rise of temp, is linear, and almost 
linear with the solid metal; the ratio of the resistance of this solid at 20° and 1063° 
is 1 ; 5-827, and at the m.p. the ratio of the resistance of the solid to that of the 
liquid is 1 ; 2 '28. According to H. K. Onnea, for still lower temp, if the ratio of 
the resistance at 0° to that at 0* steadily falls : 

0* ♦ .0° -103-7* -I9fi*l° -2528° -2591° “2W7 

/ittfiti, . 1 0 593 0-219 0 008 04)03 0 002 

Consequently, the electrical resistance of gold at the b.p, of helium in vacuo Is less 
than the eicperimental error involved in the measurement, and therefore the electrical 
residtance of pure gold probably vanishes towards absolute zero,—273°. A. L + Feild 
estimated the resistance of amorphous yoU to be 16 09 micro-ohms per c.c. at 20°. 
P + W, Bridgman found the general effect of pressure on the resistance of gold has 
the same general character as with silver. P. "W, Bridgman found 

0* 25* BO* 75* 100’ 

ft.L '0000 1 0977 M903 1’29B0 L'39flS 

Press, coeff, 0 kgrrn, t , -00*312 -0O B 3l0 -0 0,380 -00 fi 305 -0 0*304 

Press, coeff. l^OOOkgma, per sq. cm. -0-0*37(1 ~4H) 4 27G -0-0.370 -0 0*27» -0*M82 
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The initial press, coeff. at 0“ ia —G0 a 3117. B. Beckman found —0*0*527. 3, Hen- 
kowsky found the electrical resistance of a thin sheet of gold ia not perceptibly 
altered by iUumination. Oh Srivesay found the electrical conductivity is not 
altered by heating the metal in oxygen. F. Streinz and A, Wellick measured the 
electrical resistance at the limiting surface between gold and arsenical pyrites or 
galenc. L, tirnnmach and F. Weidcrt measured the increase of resistance in a 
inagndic fieldsvide silver. F, Credner observed a similar change in the resistance 
of a gold wire as was obtained with a silver wire, but the increase in resistance 
occurred at 300*. P, W. Bridgman found that the resistance of thin films of gold, 
at high current densities, is rather greater than corresponds with Ohm’s law. 

According to J. Thomsen^ 4 three allotroptt of gold are obtained by reducing 
auric chloride, hydrobromoauric acid, and aurous bromide with sulphur dioxide. 
J5. Petersen confirined this observation. The observed differences were: 


o-Au 

0-Au 

y-Au 


Source. 

AuCl a 

HAuBr^ 

AuBr 


Specific gravity. . 
I9<39(19'31-]fl*4G) 
J9-44(19'4G-19B0) 

19-72 (1&-B4—lfl-a3) 


Atomic volume, 
1017 
10-14 
1Q+0 


Heat at oxidation. 
139 0 Calfi. 
07 -7 
37-9 


J. W. van Heteren, however, does not agree with this conclusion, since the different 
modifications do not show any difference of potential, and ha inferred that all three 
varieties are identical, C, E. Fawaitt, however, showed that if a portion of a rod 
of silver, gold, or platinum lie softened by annealing, and the other portion of the 
rod of the same metal be hardened by polishing or hammering, there is a difference 
of potential when the two rods are plated in a sola, of an electrolyte—the hardened 
rod becomes the negative pole. Hammered gold has an electrode potential of 1422 
volts; polished gold, 1*446 volts; and the same specimen after annealing, 1454 volts. 

The electrode potential of gold in molten sodium hydroxide was found by 
P. Bechtereffto rise from 0 328 volt at 38ti“ to 0'537 at 620^, and the value is 
reduced if the metal has traces of selenium. F. H, Campbell found that the 
potential of gold in A r -AuQ a against a normal electrode is 15 volts. S. B. Christy 
gives for the e.m.f. in coin, of potassium cyanide ; 


Parent. KCy . 95 U'A5 0*005 000AG 0 0*95 0-0.05 O 

E.m.f. volts , +0-420 +0’2flfi +0 090 +0 340 -0 450 -0*5(55 -0 (i20 -0 720 


L. Kahlenberg studied the potential in pyridine soln. of lithium chloride, J. Guyot, 
in soln, of alkali chlorides, cupric salts, and silver nitrate. P, Bechtereff found the 
cell 0 | NaOHinupLi l Au between 361 11 and 043 y has an e.m.f, of O'tiOO to 084G volt. 

The so-called electrolytic valve action prevents the passage of the current in 
the direction of the flow bo long as thp applied potential does not reach a certain 
minimum value, G. Schulze ^ finds that the minimum potential of tantalum is 
1*51 times that of aluminium when both metals have been prepared at the same 
potential. F. Gbaud found that if two copper strips in electrical communication 
he dipped in a soln. of gold chloride and one of the strips be twisted or vibrated, 
it acquired a positive charge, the resting strip, a negative charge. 

The hydrogen over-voltage with a gold cathode was found by J. 3J. Pring 27 
to he greater than with platinum, and smaller than with zinc, copper, tin, nickel, 
or lead. G. Just and W« Berezowsky reported that gold electrodes ore more readily 
polarized than those made of platinum, and that the previous history of the electrode 
is of great influence ; treatment with potassium fenocyanide increases and treat* 
ment with potassium ferricyanide decreases the polarizability; while G. Grube 
found an anode of gold in neutral or alkaline soln. of a mixture of the two last-named 
salts in the proportion 1:3 at 19° is not polarizable. A* Coelm and C. L, Jacobsen 
electrolyzed a soln. of auric chloride when gold is deposited at the cathode, and 
plotted the potentials against the current with a soln. of potassium gold cyanide. 
There is one break in the curve at —0'2 volt representing the discharge of Au*-ions 
at the cathode; but there are several breaks with a soln. of auric chloride, thus 
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above —0 l 905 volt only Au*”-ions ate discharged; in fresh soln, containing 
no aurous salt, the break at —1*1 volt indicated the change of Au" 1 - to Air-ions ; 
and between —0'985 and — 0-005 volt both Au 1 ’ and Au' ,+ -ions are discharged 
from soln. containing aurous and auric chloride. The gold anode is dissolved as 
a univalent metal in pure potassium cyanide aoln., and does not become passive 
even in cone* soln* of the salt* In soln. of the commercial cyanide, however, it 
rapidly becomes passive, this being duo to the presence of sodium salt as impurity. 
The passivity is attributed to the formation of a film of comparatively Insoluble 
sodium gold cyanide on the anode. It is said that the passivation of the anode 
by sodium can be used to detect this metal in the presence of an excess of potassium. 
H* Kochan found that a gold anode polarized in dil sulphuric acid is sensible to 
light of the visible spectrum, to ultra-red light, and to X-rays. W. Winter has 
studied the electrolytic valve action of gold anodes. 

According to E t Wohlwill, solo, of gold in potassium cyanide cannot be utilised 
in electrolytic gold refining, because silver and copper are deposited along with 
the gold; with neutral sola, of auric chloride or hydrochloroaurio acid, chlorino 
is evolved, and the gold anode is not attacked ; and with hydrochloric acid alone, 
or acidified soln. of hydrochloroaurio acid, no chlorine is evolved and the gold 
anode is dissolved—the alkali chlorides have the same effect as hydrochloric acid, 
lfence, in order that the gold anode shall dissolve it Is necessary that the conditions 
permit the formation of AuCl+dons* E. Wohlwill also studied the conditions 
which favour the dissolution of the anode, and the cathodic deposition of the gold. 
If only tervalent gold exists in the soln. 2'45 grms. of gold should be deposited per 
amp, hour; in practice more nearly 3 grms* are deposited ; this is attributed to 
the presence of aurous chloride in the soln. The low* at the anode is greater than 
the gain at the cathode, because there is a loss due to the separation of fine particles 
of gold, most of which Is found in the anode mud; part of the gold dissolved in 
t he aurous state at the anode is decomposed into metallic gold and aurous chloride 
in the Holm, and never reaches the cathode. 

The reported values for the thermoelectric force of gold against platinum at 
J(K)° range from J. Dewar and J. A. Fleming's 0 5fi volt to E* Wagner's 0 78 volt; 
the best representative value is 0 74 volt. L. Holboin and A. L. Day M give for 
the ^old-platinum couple : 

-185“ BL) ? KW 1 1-W 400 1 «HF 300* 1000* 

E.m.i . , -0-lfi -0 31 +0‘74 + +S +45 +7 0 +12 0 ■] 10 H volts 

K. Null obtained for fjold-niercurif couple between 0 & and 100°, -b713'2 microvolts 
for hardened gold, and -^713 4 for annealed gold* According to P. W. Bridgman, 
the thermoelectric forcu of gold against leud, at atm. press, and 0°, ia h?=(2 8990 
+(>■ <KJ4670 2 -OGOOOO16G0 3 ) X10-* volts ; the Peltier effort is P=[2 m2+Q'tX$U6 
-l>(XKXXXT9802)(0+273) xlfl * volts; and the Thomson effect, v={tHX)0340 
"d)iXKKJOD960)(0d-373)xlO _e volts per degree. Table VI contains a selection 

Table VI.—The Effect or Pressure oh the Sbedeok, Peloukr, ani> Thlomsoh Effects. 



Snberk effect. 

J-elUer effect. 

Thomson offers 



Volts x lo*. 


Joules per oouloinli x ] 0* 

Joulea per rnulombx 10*. 

Temp, ■ 

| Prase, ia icurmi. par tq. cm. 

pjfeaa. in k#rm&. per sq. cm. 

Prem, ir kurins. per &rp cm. 


2000 

erx>o 

| 12,QUO 

2000 

0000 I 12.UOO 

30CC 

$000 

1 12,000 

10° 

+0W 

+0 242 

+0-48B 

+21 . 

+ 0-4 ; +13-0 

+ 1-5 

+3-7 j 

+5-5 

40° i 

+0-354 

+ 1-049 

+2-001 

+3-1 i 

+ ff-l +1T-4 

+ 1-7 

+4-25: 

j +6-3 

00° 

+0-504 

1 + 1-055 

+3-213 

+3-7 

+10-6 1 + IDS 

+ 1S 

+4-5 . 

' +5-7 

100° j 

+ 1U52 

+3-020 

1 

+5-700 

+4-9 i 

+ L3-S +25-2 

1 1 

+2-0 

+ 5T ; 

' +7-5 

i 
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from P. W. Bridgman's observations on tie effect of press, on couples with compressed 

and Tin compressed gold. All three effects are positive and increase regularly with 
temp, and press. B. Wagner also made some observations on the effect of temp, 
E, Sedetrim haa Mtudled the Pettier effect for couples of gold with silver. Copper, 
cadmium, or zinc. G. Borelius and R (Juruieson found the Thomson effect, in 
microvolts per degree, to he 205 at 400° K.* 101 at 300° K., 118 at 300° K.* 071 
at ISO* K.* and 0 20 at 100" K. A. Cohn and A. Lota studied the OOntact electricity 
of gold against gloss in vacuo. 1 

Gold is diamagnetic. According to X Konigaborger, 20 the magnetic suscepti¬ 
bility of gold is —3'lXlO^ 8 voh units ; and, according to K. Honda, —0 15x10“° 
mass units between 18° and 1064° ; so that, an M. Owen showed, the value is not 
dependent on the temp. There is a discontinuity at the m.p., us shown in Rig. 8, 
Cap. XXII, According to M. Hanriot, ordinal yellow a-gold is more strongly 
diamagnetic than brown jS-gold. The magnetization coeff. varies from — O'10 XlO ° 
to —0'23xl0' e . The change in the magnetization coelf. with temp, exhibits a 
break between 300° and 400* owing to the transformation of brown into yellow 
gold. H. Althcrthum* and H* K* Onnes and B, Beckmann have studied the Hall 
effect with gold ; and M, Owen, the thenmmmgnetic behaviour of this metal. 
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§ 6* The Chemical Properties of Gold 

The general chemical behaviour of gold ia connected with its relatively small 
affinity Sir the other elements. At the time Pliny's Historic naiurali was written, 
gold was considered to be “the only substance in nature that auflora no lues by 
the action of fire ; because it passes unscathed through the flames of the funeral 
pyre. J! Indeedi continued Pliny, “ the oftener gdld is subject to the action of fire, 
the more refined becomes the quality” Testing the goodness of gold by fire was 
known as obrussa — obryza, or obrisa* from ofipvfaiv, pure gold. 

Gold is not attacked by air or oxygen—moist or dry, hot or cold. Hence* the 
alchemists called gold a noble metal in contrast with the bate metal $—like lead* 
copper, tin, iron* etc,—which are oxidiied and lose their metallic characters when 
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heated in air. The fact that Moses (Bajod,, 32. 20) was able to reduce Aaron's 
“ golden calf ” to ashes by fire led some oi the early chemists to make conjectures 
as to what Moses actually did i 0, E, Stahl suggested that the gold was dissolved 
in a soln. of alkali sulphide; and W* Hfrapath that the metal was dissolved in 
aqua regia \ J. D. Smith supposed that the idol was fused with an alloy which 
made the gold so brittle that it could be ground to powder* otherwise expressed, 
the gold of Aaron and his religious brethren was a kind orf brass alloyed with some 
gold. Many other suggestions have been made, but in the absence of essential 
details, nothing is gained by prolonging the old discussion. The result, however, 
is a good illustration of the influence of temperament on inquiry. Two men may 
be presented with the same phenomenon and they may draw opposite conclusions, 
both of which are based on the different aspects of the phenomenon to which the 
men directed their attention. Still more is thia the case when but a meagre report 
of a supposed phenomenon is available. Instinctive or acquired tendencies, 
temperament, and thought are so inseparably mingled that there is often a very 
real difficulty in applying purely logical reasoning. In such cases Socrates’ advice 
is invaluable: 

What in the good of talking about something if you do not know dearly what it is, for 
all your ob^rvatiW may have been concernedwith something different * but you would 
be ae unable to know this os a man who set out to find something without knowing what 
it was, would never be able to toll when ho had found it. 

J. Prinsep 2 found an increase in weight occurred when an alloy of gold and 
platinum is melted in a forge fire, although no residue of carbon appears when the 
alloy was dissolved in aqua regia. T, Graham found that gold cornets when 
strongly heated in vacuo gave up 0'2 per 1000 of their weight* or 2 12 times their 
volume of gas, the bulk of which was carbon monoxide, as shown by the analysis: 

CO COj n B n 7 u a 

654 14'fi 15'4 43 0& pw cent. 

T. K. Rose also showed that furnace gases are always absorbed by the molten 
metal, the amount varying in weight from O'25 per 1000 in the case of gold heated 
to 1215° in air, to 7'fl parts per 1000 of gold heated to the same temp, in coal gas. 
T. Graham further observed that when gold was heated and cooled in a stream of 
air, the occluded gas amounted to 0 22 vol. per volume of gold, and contained 
8(j l 3 per cent, of nitrogen, 8'4 per cent, of carbon dioxide, and 5 3 per cent, of 
oxygen. The occluded gas was principally nitrogen, and, said T. Graham, “the 
indifference of gold to oxygen is remarkable and contrasts with the power of silver 
to occlude this same gas.” G, Neumann found that gold can absorb about 3278 
to 48‘4y times its vol. of oxygen. A. Sieverts and E. JBergner found that liquid 
gold at 1220° does not absorb helium* A. Sieverte also stated that hydrogen and 
nitrogen are not absorbed bv solid or melted gold. T. Graham further showed 
that gold can absorb 0 3 vol. of carbon monoxide* 0 2 vd, of carbon dioxide, 
and 0‘48 vol* of hydrogen* J. Trowbridge found gold absorbs 37'31 to 46 32 times 
its vol. of hydrogen, and G. Neumann, that molten gold can absorb 37‘3l to 46 32 
times its vol. of that gas. 

Attempts by A. Bieverts, M. Major, and. M. Thoma to make gold hydride have proved 
nugatory* The treatment of soin* of gold salta with hypophosphorous and phosphorous 
arid* give precipitates of metallic gold. 

According to H. Hartley, a gold surface acquires a negative charge during the 
catalytic combustion of gases in contact with it. The electrical effect is probably 
antecedent to combustion, and primarily due to occlusion. The occlusion of 
hydrogen or carbon monoxide results in the metal getting a-negative charge ; with 
oxygen the charge is positive. 

According to H* Moissan, 3 gold is slowly attacked by fluorine at a red heat* 



GOLD 


527 


but there is no appreciable action at ordinary temp, 0. Huff and A. Heinzdmann 
found that uranium hexafluoride, UF^, has very little action on gold even when 
wanned; and 0. Ruff and F. W* Tschirdi found that when heated with osmium 
octoftuoride, OaFg, a protective black film is formed on the surface of the gold. 
Thoroughly dried chlorine does not act on gold at ordinary temp. G. Kruaa found 
that at 1.4L" to I5U° dry powdered gold is transformed by chlorine into amosoauric 
chloride ; at 160° to 190* into aurous chloride ; and a little volatile auric chloride, 
while over 3U0* the metal is not attacked —^witie gold chloride. S. B. Christy studied 
the volatility of gold in air containing chlorine, J. Percy found that no reaction 
occurs when dry chlorine is introduced into molten gold. Liquid chlorine was 
found by F. Moyer to act but slowly on gold at ordinary temp., but the reaction is 
vigorous at 100 s . R J. Reynolds, J, Spillcr, and A, H> Allen studied the dissolu¬ 
tion of gold by chlorine water at ordinary temp. G. Kriiss found bromine gas 
attacks gold superficially, forming a black film on the surface ; while liquid bromine 
forms auric bromide* On the other hand, J. Thomsen and R Petersen found auro- 
Boaurio bromide to be produced under these conditions, the discrepancy in the 
two statements was explained by G. Kriiss and F, W* Schmidt by showing that 
the auric bromide is much decomposed at G0°. F. Meyer found that in a sealed 
tube a gram-atom of precipitated gold with two of bromine forms a-crust of auric 
bromide which hinders further action, but after 12 hrs.’ shaking, all the bromine 
forms auric bromide. T. Dbring found that gold is soluble in an ether soln. of 
bromine; and in a mixture of bromine and hydrobromic acid. F. Meyer found 
that dry iodine does not react with gold at ordinary temp,, but between 50° and the 
m.p. of iodine, aureus iodide is formed. J. Nickles showed that nascent iodine 
unites with gold, and also in the presence of ether or in sunlight. At ordinary 
press, a solm of iodine in water does not attack gold, but in a sealed tube a reaction 
dot# occur, T. Ubring says that iodine does not react with gold—when the two 
elements are rubbed up with water, alcohol, or ether. T, Doling found that a 
10—15 per cent. soln* of iodine in potassium or ammonium iodide readily dissolves 
gold ; the action is much slower with a 5 per cent* soln,, and exceedingly slow in 
more dil, so In, 

(J, W. Scheele found that hydrofluoric add, either alone or mixed with nitric acid, 
will not dissolve gold, M, Hanriot and F. RaouLt found powdered gold to be very 
slightly soluble in cone, hydrochloric add— 100 c.c. of acid dissolved Q'OQB grm. 
of the metal. If access of air be excluded, hydrochloric acid has no action on 
gold. M. Berthelot said that fuming hydrochloric acid of sp. gr, 1178 attacks 
gold when exposed to light, and particularly if certain salts— e.g. manganous 
chloride, MnCl^-be present. No reactions in either case occurs in darkness. 
According to IV. Spring, gold is dissolved when it is heated with cone, hydrochloric 
acid to 150° in a scaled tube; and the soln. seems to be reduced by the resulting 
hydrogen, for minute crystals are deposited on the walls of the tube, N, Awerkieff 
sliowed that precipitated gold is attacked by the cone, acid of sp. gr* 1'19, and 
particularly in the presence of many organic substances- e,g. various alcohols, 
cane sugar, formaldehyde, chloroform, etc* A, Borntrager also found a mixture 
of equal parts of cone, hydrochloric and nitrosulphuric acid is a good solvent for 
gold ; and T. Fairley found a mixture of hydrogen peroxide and hydrochloric acid 
dissolves gold. 0, P* Watts and N* D* Whipple studied the action of hydrochloric 
acid in the presence of soln. of various salts. The most convenient solvent for gold 
is usually aqua regia* The product of the action of aqua regia on gold was found 
by J. P. Prat to bo dependent on the ratio of nitric to hydrochloric arid—an 
excess of the hydrociduric acid, forms cbloronitrio acid, an excess of nitric add acts 
on the chloride ; to avoid the formation of cbloronitrio arid, the aqua regia should 
be diluted with an equal vol. of water. According to K Priwoznik, a mixture of 
200 c.c. of hydrochloric acid (sp. gr. M946}, 45 c*o* of nitric arid (sp. gr* T4), diluted 
with 245 c.c. of water, is the best solvent—one part of gold is dissolved by 4'3 parts 
of the mixture; and he represents the reaction: Au+HNOs+iHO^HAuG^ 



INORGANIC AND THEORETICAL CHEMISTRY 


+NO+2H.O. The alchemists were wont to represent the dissolution of gold in 
agus regie by an animal devouring the sun or Ajwllo-^Jirfe Fig. 

to J. NfcHto, an ethereal win. of hydrotoOJfflC Adi does not daeolve gold; no, 
does hydtiodfo add alone attack gold appreciably, but in presence of manganese 
dioxide, it does dissolve gold—the higher oxides of bismuth and other metals aet 

similarly Co manganese dioxide. An ethereal sob. of hydriodic acid dissolves gold, 
T, During also found gold to bo readily soluble in hydriodic acid. According to 
J r ?, Prat s iodic arid attacks gold slowly, and V. Lenhcr showed that if sulphuric 
acid he present, and the temp, 300 a , the reaction is much faster i periodic Odd also 
dissolves gold in the presence of sulphuric acid. 0. P, Watts and K, D, Whipple 
studied the action of perchloric add and of various acids and oxidizing agents 
on gold. 

Gold is dissolved by mixtures containing chlorides* bromides, or iodides if 


they can generate the nascent halogens. For example, gold is dissolved by mixtures 
containing chloride, nitrates, and sulphuric acid or acid sulphates. A mixture of 
sodium chloride, nitre, and alum was the immtntum sine strepilit of the alchemists. 
Again, mixtures of hydrochloric acid with oxidizing agents like the nitrates; 
chlorates; permanganates; peroxides; with bleaching powder and an acid; and 
as J, Nickl^ showed, with the easily decomposable perohlorides, perbromides, 
or pgriodides act similarly, C. Lessen also found that gold is dissolved by the 
products of the electrolysis of the alkali halide soln. According to T. Bgleston, 
a solo, of potassium chloride or of ammonium chloride, has no action on finely 


divided gold when heated in a sealed tube for eight months or & lira, at lo0 a “300°, 


potassium bromide under similar conditions gave a reaction. A. Hanriot and 
F. Raoult found that 100 c,c. of 25 per cent, hydrochloric acid containing 
30 grins, of auric chloride dissolved 0170 grm, of yellow and G 745 grin, of brown 
gold. H, H, Morris made a similar observation and stated that aurous chloride 


is formed, F. Mylius found fuming hydrochloric acid containing somo cupric 
chloride dissolves gold. W. J, McCuughcy found that raising the cone, of the acid 


raises the speed of the action more than raising the cone, of the cupric chloride. 
The amount of gold dissolved seems to increase proportionately with the time of 
action without attaining a limit. Raising the temp, from about 4G° to about 
106* increases the speed of dissolution of the metal about 32 times. Doubling the 
cone, of the acid at about 40* increases the solvent action seven-fold, and at 105*, 
five-fold. Possibly the reaction of the cupric chloride is catalytic in the sense of 
the cuprous chloride in Deacon’s process for chlorine, 2CnCL->2CuCl-hCl 2 , and 
the cuprous chloride is oxidized by air and hydrochloric acid back to cupric chloride. 
The soln. of gold in the cupric chloride soln. at about 106° on cooling, and standing 
for about five days, does not deposit gold. According to P, C. Mcllhiney, a boiling 
sob. of ferric chloride attacks gold in the presence of hydrochloric acid and air, 
but not if air be excluded. H + Iff. Stokes has also studied the solvent action of a 


sob. of ferric chloride and sulphate on gold. A hydrochloric acid soln, of a ferric 
salt—iron almm—was also found by W. J, McCaughey to dissolve gold, and the 
rate of sob, is increased more by raising the cone, of the acid than by raising the 
cone, of the salt. The rate of soln. is increased about eleven-fold by raising 
the temp, from about 40* to about 105°, The solvent action of the ferric salt occurs 
even when a ferrous salt is present, and decreases by increasing the cone, of the latter. 
Consequently, the precipitation of gold by ferrous sulphate can be complete only 
with a considerable excess of the latter. With an increasing cone, of the feme 
salt a state approaching a balanced reaction may appear since, unlike tbs case 
with cuprio chloride, the cone, of the dissolved gold approaches a limit, A sob, 
of gold obtained by boiling the alum soln. for two days with gold does not give 
evidence of the formation of a ferrous salt) when tested with potassium ferricyanide, 
but spangles of gold are deposited when the sob, cools, J, NiekJ&s found that 
ethereal sob. d titootu chloride* Tic!*, titanous bromide, manganic, cobaltic, 
nickelic chloride of bromide* futio bromide, and ptombio chloride dissolve gold; 
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so also does an ethereal sob* <rf ferrous Off ferric iodide— on a water-bath or tinder 
the influence of light. 

According to J, J, Berzelius gold docs not uuite directly with sulphur or 
with selenium ; hut, according to H. Pelabon, at a temp, just below its m.p. 
selenium dissolves some gold, J. Morgottet 4 found that the vapour of 
tellurium attacks gold, forming gold telluride, and, according to H. Pelabon, 
molten tellurium dissolves gold, forming the same compound. It haa long been 
known that soln. of the alkali sulphides dissolve gold^ytde gold sulphides. 
According to G. F, Becker, one part of gold dissolves in parts of sodium 
sulphide, Na 2 $, at ordinary temp. A, Ditte observed no action when gold was 
sealed in a tube for 10 months in the presence of an alkali sulphide sat. with 
sulphur. V, A, Stetefeldt and T. Egleston observed that soln. of potassium or 
sodium sulphide dissolve gold in the cold, and ammonium sulphide at 145® to 
180® C. A, Stctefeldt and E, II, Russell found gold to be soluble in a solu, of 
sodium thiosulphate and other thiosulphates of the alkalies and alkaline earths. 
The action takes place in the cold, but more readily if heateil—a gold sulphide is 
probably first formed, and this is dissolved by the alkaline soln. J. Moir found 
gold to be dissolved by acid soln. of thioearhamiflo, particularly in the presence of 
oxidizing agents. J. Uhl found that sulphur dioxide does not attack gold when 
heated therewith, but it is converted into sulphur trioxide and sulphur. Gold 
is not attacked by sulphuric acid, but, according to A. H. Allen, V, Lenher, 
H. Felobon, and J, Pelletier, the metal is attacked if an oxidizing agent is dissolved 
in the acid—e.tf. the higher oxides of manganese or lead, nitric acid, permanganates, 
periodic acids or periodates, iodic acid or iodates, chromium or nickel sesquioxide, 
chromic anhydride, telluric acid, lead or copper nitrates, etc. 0. P, Watts and 
N. I), Whipple also studied the action of sulphuric arid in the presence of soln. of 
various salts on gold. E, Stilkowsky says dih sulphuric acid, mixed with hydrogen 
peroxide, does not attack gold. V. Lenher and G, Kemmcrer said a hot mixture 
of nitric ami sulphuric acid dissolves gold far better than docs a aoln. of potuwjum 
cyanide. M. E r Chevreul suggested that ozone is formed, but M. Berthclot and 
V. Lenher found that neither oxygen nor ozone attacks gold-leaf suspended in cone, 
sulphuric acid when these two gases arc bubbled through the liquid, but gold is 
dissolved in the presence of nascent oxygen liberated when oxidising agents arc 
heated with sulphuric acid. According to C. J. T. von Grotthuss, M, Bcrthelot, 
etc., gold is also dissolved at the anode when tone, sulphuric acid is electrolyzed 
with a gold anode; with dil. sulphuric acid, the anode is covered with a film of 
oxide. According to F. H, Jeffery, gold is also dissolve from the anode in sulphuric 
acid in the form of complex ions, but by the time the yellowish-brown stage is 
reached there is an appreciable formation of gold cations. These may possibly 
arise from the reduction of the anions by hydrogen. The anode soln. yields auric 
hydroxide with little of the aurous compound on dilution with water. According 
to E, Harbeck, M. Maigules, audW. G, MIxter, a y^N-soln. of sulphuric acid behaves 
like nitric acid towards a gold anode. Similar results were obtained with alkali 
bisnlph&ttt' T, Egleston found a soln. of ammonium sulphate exerted no 
action on spongy gold when kept in a sealed tube for S months, or heated between 
150° and 200® for 5 hrs,; but W. G, Mixter found a soln. of potassium sulphate 
and V, Lenher and G, Kemmerer a sdn. of potassium sulphate, potassium hydro* 
sulphate or sodium sulphate attacks a gold anode during electrolysis. According 
to B, Mitseherlich and V. Lenher, cone, eelenic add in the cold does not attack gold 
appreciably, the action begins at about 230 c , and proceeds more quickly at about 
300°, when selenium dioxide is evolved, and gold selenate, Au^SeO^, passes into 
soln. According to V. Lenher, telluric acid attacks gold in the presence of sulphuric 
acid. According to M, Berthelot, peimlphuric add has no action on gold. 
H. B. North found that an excess of sulphury! chloride, S0 2 CI 2 , in a sealed tube 
at 160°, slowly dissolves the metal, forming anhydrous auric chloride; while 
thkmyl chloride, SOCl s , at 150®, has no appreciable action, hut after heating the 
vol. m, 2 m 
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murthw ton days at 200°, gold is dissolved According to A. Ditto, BWOMlphmyj 

jjvZto&oMm jm Jtwzot steely 

After in&ny hours ' utyOBure to thatmetsdat 100°. In 1748, G Brandt showed that 
gold is slightly sdubie m uiWc acid, but the sob, readily deposits the gold. 

T, Bergmann discussed the phenomenon from the point of view of the phlogiston 
theory. In 1700, however, M. Tiflet said that while it is true that nitric aciH attacks 
cold, it does not really dissolve it, but keeps it mechanically in suspension, and 
he claimed that these suspended particles are visible under the microscope. T. Berg- 
juann pointed out that this proved only that particles of gold may be suspended 
m the acid and not that gold cannot be truly dissolved. According to F. P, Dewey, 
gold is slightly soluble in highly purified nitric acid, and the yellow eoln, deposits 
gold on standing for a few days ; while M. Hanridt and F. Raoult found that when 
finely divided gold is boiled with nitric acid of sp, gr. 1180, O UOSf grin, is dissolved; 
with acid of sp. gr. 1*205,0 0119 gram is dissolved; with acid of sp. gr, 1532,0 028 
grm.; and with the monohydrated acid, 0 076 grm. G, J. Mulder found that 
nitric acid dissolves an appreciable quantity of gold {or platinum) when that metal 
is alloyed with a large proportion of silver. G, H, Makins attributed the action 
to the presence of nitrous acid. In any case, there is a small loss of gold during 
the parting of gold and silver by the nitric acid process. T. K. Rose found that 
the spent acid used in parting during the assay of gold at the Royal Mint contained 
12 mgrms. of gold per litre. According to M. Margules, G. J. T, von Grotthuss, 

M. Berthclot, and W. G. Mister, gold is readily attacked when used as anode in 
the electrolysis of nitric acid. The yellowish-green aolm thus obtained is reduced 
by hydrogen, forming a brown precipitate. According to F. H, Jeffery, if a porous 
pot bo used in the electrolysis of nitric acid (1 :2) the cathode cell remains clear, 
and the soln. in the anode cell passes from green to yellowish-brown, and if evaporated 
in vacuo over sulphuric acid and sodium hydroxide, yellow crystals of hjdioauri- 
nitric acid, HAu(NO a )4.3H a O J are formed. If the soln. of this acid be diluted with 
water, auric oxide accompanied by some aurous oxide is deposited. The more dil. 
the acid electrolyte, the less the amount of aurous oxide formed. If precautions 
are not taken to prevent the accumulation of ammonium nitrate formed in the 
anode cell with dil. acid (1:20), an explosive compound is formed at the anode. 

V. Lenher and G. Kemmerer found that a gold anode is attacked during the electro¬ 
lysis of neutral soln. of potassium nitrate or sodium nitrate. 

According to P. Hautefeuille and A, Pcrrcy, melted gold absorbs phosphorus 
vapour, and gives it out again, with spitting, on the solidification of the metal. 

A, Granger found that phosphorus vapour does not attack finely divided gold at 
low temp., but a reaction occurs at 400°, and gold phosphide is formed. When 
gold is heated in a sealed tube with phosphorus pentachloride at 180° to 200°, 

L, Lindet observed the formation of aurous chloride, phosphorus trichloride, and 
a double compound, AuCkPOl^; with phosphorus trichloride, under similar 
conditions aurous chloride and phosphorus arc formed. V. Lenher and G. Kemmerer 
found gold is readily dissolved by phosphono acid in the presence of oxidizing 
agents. 0. P, Watts and N. D. Whipple also studied the action of phosphoric 
acid on gold. According to F, H. Jeffery, the electrolysis of 15 per cent, phosphoric 
acid with a gold anode results in the formation of soluble gold complex anions, 
but not cations. When the resulting soln, is diluted with water, auric and aurous 
chlorides are formed, so that the soln. contains gold phosphate. According to 
A. Sievcrts and M. Major, a boiling soln. of podium hypophosph&to is catalytically 
transformed into sodium phosphite by precipitated gold. 

T. Bergmann, in his Be ttraenico (Upsala, 1777), showed that molten gold takes 
up scarcely ^th of its weight of arsenic. According to A. Hatchett, ftfsenlc does 
not combine readily with gold in open vessels, but the vapour readily alloys with 
gold at a red heat, forming a grey fusible mass which does not give off all its arsenic 
when fused for two hours in an open crucible. A. Liversidge found that if arsenic 
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vapour be passed over heated jjold, the latter readily melte and, when cooling, the 
mass spite, and ultimately furnishes yellow spangles of gold arsenide. The affinity 
between gold and arsenic, however, is not very great. A, P. Schleicher has worked 
out that portion of the equilibrium diagram which is possible by the ordinary thermal 
methods* and it includes alloys with between 100 and 74'03 atomic per cent, of 
gold. The m,p. of gold is lowered by arsenic down to what appears to be a eutectic 
with about 46 and 47 atomic pec cent of arsenic at 6G5 e . On cooling, tho evolution 
of arsenic occurs suddenly at the eutectic, V. Lcnhcr and G, Kemmerer found that 
arsenic acid dissolves gold in the presence of oxidizing agents, but the action is 
much slower than with sulphuric acid. According to C, Hatchett, gold unites with 
antimony when the two Clemente are fused together, and Jiknwiwc when the 
vapour is passed over the red-hot metal. Antimony makes gold brittle, even so 
little as 0 052 per cent, making gold lose its malleability. The antimony gradually 
oxidises and volatilizes when it is fused for some time in an open crucible. The 
m.p. curve by R. Vogel is shewn in Fig. 7; it explains itself; an unstable gold 
diantimonide, AuSb^, is formed. These alloys were also studied hv W, 0. Roberts 
Austen, Alloys of gold with bismuth were also prepared by C. Hatchett; he 
found gold is rendered brittle when alloyed with but 0052 per cent, of bismuth. 
A natural alloy of gold and bismuth with a little adherent mercury was found in 
Rutherford County* (U.S. A.), sip. gr. 124~12'P. Its composition corresponds with 




Pio. 7.™PuEfion (Jurvts of Mixture* Fui, 8.- -Fueitin Curves of Mi'ttuies 

of Gold end Antimony. of Gold and Rismuth, 


AuBi, and it has been called bixmutkiurUe. From R. W. E. Me Ivor's analysis, 

G. H. V. Ulrich's matdoniic found at Maldon (Victoria) has the composition Au s Bi; 
it has been also called Maci gold. It was investigated by C, U, Shepard, and 
W. Vernadsky. C. T. Ifeycock and F. H. Neville studied the lowering of the 
f.p, of gold by bismuth ; E. Maey the sp. vol. of the alloys; and R, Vogel has 
worked out tho fusion curve shown in Fig. 8, which is self-explanatory. It recalls 

i the corresponding curve for silver. W. C. Roberbs-Auston and F. Osmond also 
made some observations on these alloys. 

O, Ruff and B. Bergdahl * found that molten gold can dissolve only traces of 
carbon* H. }T. Warren found that silicon at the moment of ite formation, so to 
speak, unite# with gold much more readily than ordinary silicon, and a 5 per cent, 
alloy is best mode by heating sodium and gold with potassium Auosilbate at a 
high temp. C. Winkler also made gold-silicon alloys and noted tlieir brittleness, 

H, Moissan found that molten gold dissolves carbon* and rejects it a# graphite on 
cooling. For gold acetylide, sec acetylene. According to W. Muthmann and 
A, Schaidhauf, gold in the electrodes does not influence the decomposition of 
carbon ffiotido in the electric arc. Tho solubility of gold in soln. of alkali cyanides 
has been previoulsy discussed, C, L, Jacobsen lias discussed tho passivity of gold 
in soln. of alkali cyanides. The electrolysis of amido-compounds, etc.* which 
produce cyanides, also dissolve gold when they are electrolyzed* E. Boutel, and 
0. McP. Smith have studied the solubility of gold in soln. of potassium terrocyanide* 
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The Action is slow, but it is accelerated by boat, E. Beutri represented -M 
reaction: 3Au+i4fe0y § +2M B 0+0 s =3KAuty s +Fe(QBk +KOK SohoS/fa 
thiocyanates many double cyanides also dissolve gold. According to W t Fosfci 
and R. B. Giles, a neutral soln. of potassium permanganate IS reduced by gold, 
H, H. Morris found gold is dissolved by sain; of auric chloride forming uutous 
chloride. H. von EuJcr studied the adsoiption of silver ions from soJn, of silver 
nitrate and sulphate by gold, < 

According to W H Dlttmar * fused alkali hydroxide docs not attack gold to 
any appreciable extent, even when alkali chlorate is present, but the metal is 
attacked if an alkali nitrate be present. M. le Blanc and 0. Wcyl found that 
attack with, dry potassium hydroxide begins below 670°, and small flecks of gold 
appear in the matrix. M. le Blanc and L. Bcrgmarm found that in an atm. of ' 
nitrogen sodium hydroxide attacks gold but slightly. P. Bechtereff noticed that 
the molten sodium hydroxide is coloured yellow on account of oxidation. According 
to F, Meyer and W. L, Dudley, fused alkali peroxide readily attacks gold, forming 
the alkali aurate; barium peroxide attacks the metal to a leas extent. The heat 
of the reaction with one gram of gold wasvfound by W. G, Mixter to be 77 Cals., 
and for 2 grins., 30,400 cals. A Sclricl, J. SpilW, M. Margulcs, and V. Limher and 
G, Kemmerer found that a little gold is dissolved when soln. of the alkali hydroxides 
are electrolyzed with a gold anode ; neutral salt soln. uuder similar conditions form 
a film of oxide on the anode. 0, P. Watts and N. D, Whipple studied the action 
of soln. of sodium hydroxide and of various salts on gold; and also of acetic add 
in the presence of oxidizing agents. A. Korezynsky studied the halogcriatiou of 
aromatic hydrocarbons with gold as catalytic agent. 

Reactions o! analytical interest —A soln. of gold trichloride acidified with 
hydrochloric acid is usually employed as a type to represent the gold salts. The 
action of potassium hydroxide, aqua ammonia, and of hydrogen sulphide are 
involved, and they are discussed in connection with auric chloride. The most 
important reactions depend on the ready reduction of auric salts to metallic gold, 
otherwise expressed, the auric salts are strong oxidizing agents -e<g. oxalic acid; 
ferrous sulphate ; sulphurous acid ; hydrogen peroxide ; zinc with arsenic acid and 
ferric chloride ; stannous chloride are oxidized. According to H. Rose, 8 stannous 
chloride produces a pale rose coloration with a dilution of 1: 1*000,OCX); and 
the coloration is still recognizable with a dilution of 1 : 4,000,000. A. Stabler and 
F. Bachran found a drop of titanium trichloride colours a soln, of auric chloride 
an intense violet, and the reaction is almost as sensitive as the purple of Cassius' 
reaction. G. Armani and J. Barboni say that the coloration produced by 
formaldehyde in warm alkaline soln, is sensitive to 1:100,000. J, E. Saul found 
a jL per cent, soln, of j>-phsnylenediamine colours 10 vols. of a 0 005 per cent, 
aoln. of auric chloride greenish-yellow. Several other organic compounds have 
been suggested as tests for gold. 

Uses of Sold.—Gold is largely employed in the manufacture of ornamental / 
jewellery. The extensive use of this metal, said H. Sow«rby> 9 wherever gorgeous 
ornament is required, as well as in the simplest designs of art—from the glitter¬ 
ing crown of an emperor to the neat little wedding ring of the village maid— 
imparts to gold an interest in our eyea that other metals have failed to acquire. 
Gold alone is too soft to withstand wear and tear, and it is therefore alloyed with 
hardening metals like copper. Copper imparts a reddish tinge to gold, and this 
alloy was once called fed coral gold. The term Caiftt refers to a fractional part of 
34, and is now used in stating the fineness of gold— e,g+ pure gold is 24 carat; gold of 
22-carats or 22-carat gold has 22 parts of gold and 2 parts of other metals. 22-carat 
gold is thus eq. to an alloy with 91 <3 per cent, of gold and B 3 per cent, of other 
metals. The British gold coinage is 22-carat gold. This alloy is termed sterling 
or standard gold. Brazil, Portugal, Turkey, India, Peru, Chili have the same 
standard; while America, France, Greece, Russia, Japan, and most other countries 
have a standard 90 per cent, of gold and 10 per cent, of boaer metal, and this is 
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therefore 21‘6-carat; gold. The gold coinage of the Sydney mint has the same 
amount of gold as the British, but silver is used in place of copper, so that the 
Sydney sovereign appears greenish-yellow beside that of Great Britain. The 
standard gold aDoya recognized in the United Kingdom are 22-, 18-, 15-, 12-, and 
9-earat The percentage composition of theso different standards is commonly : 


22-oarab gold „ 
18*caratgold . 
16-canitgold . 
IS-carat gold . 
g-a&rat gold ► 


UcM r 

hnSlver. 

lirtae metals 
(mainly copper), 

OJ-O 

2^0 

6 l 3 

75 0 

125 

12-5 

62 r 5 

10 0 

27’5 

50*0 

10 D 

400 

37 & 

10D 

52'5 


Articles made from these standard alloys can be haU-imrked, or stamped with 
the imprimateur of certain Government offices to show that the metal ia up to the 
standard claimed. 22-carat gold is mainly used for wedding rings; the best 
jewellery is made from 18- or 15-carat gold; and 9-carat gold is used for cheap 
jewellery which can be hall-marked. Much cheap jewellery is made from less than 
9-carat gold, but it is not hall-marked, For gilding, gold-plating, and electroplating 
—see copper. The electrolyte for the electro-deposition of gold is made by dis¬ 
solving 2 34 grms. of gold in aqua regia; evaporating the aoln, on a water-bath to 
drive off the excess of acid ; adding potassium cyanide soln, so long os a precipitate 
forms—avoiding an excess ; washing the lemon-yellow precipitate by decantation ; 
dissolving the precipitate in a soln* of potassium cyanide ; and making the liquid 
up to about GOO u.o, For the properties of thin metal films —uule silver. W. Theo¬ 
bald has described the preparation of gold-leaf and thin metal films. 
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§ The Atomic Weight ol Gold 

The early analyses of J. B, Richter, 1 J. L. Froust, A, Qberkampf, L. N, Vauque- 
lin JJ ftnd C> F. Eucholz gave rather discrepant results for the ratio by weight of gold 
to oxygen in the oxide of that metal. Of these, the analysis of A, Obcrkampf comes 
nearest to that recognized at the present day. On the assumption that the at. wt, 
of oxygen is 5 5, J. Dalton wrote 105 for that of gold, and in his A AW /System of 
Chemical Philosophy (Manchester, 2. 219, 1818), he wrote the at. wt. of gold 140, 
on the assumption that that of oxygen is 7. J. J, Berzelius assumed, in 1813, that the 
ratio of the atoms of gold to those of oxygen in gold oxide is 1 r 3, and he later 
regarded the ratio as being 2:3; he also discovered aureus oxide in which this 
ratio was taken to be 1:1. He obtained 2486 for the at. wt. of gold with oxygen 
100 as standard ; with oxygen 16, this number becomes 2 x 198*8 ; and if the ratios 
of the atoms of gold in aurous and auric oxides bo respectively 2 ; 1 and 2 : 3, the 
at. wt. of gold is 198 8. J. ,T. G, Meineckc assumed the value to be 2(XI; and 
L. Gindin gave 66 for the eq. weight, which makes the at. wt. 198 when the fonuukc 
of the two chlorides are AuCl and AuCl 3 , and of the, two oxides, Au^O and Au 2 Q 3 . 
The validity of the latter assumption was confirmed by the rule of Dulong and 
Petit; by Mitscherlich’s isomorphic law ; by J, H. van’fc Hoff’s modification 
of Avogadro’s rule ; and by Menclelecf s periodic rule, whet J jit gold be placed in 
the 11 th series of the first group, or in the 10th series of the eighth group. 

In 1813, J. J, Berzelius obtained the value 196 98 (assuming the at, wt of 
mercury as 2006), which is remarkably close to 197'2, the value accepted at the 
present day ; he obtained this result by weighing the gold precipitated by mercury 
from a soln. containing a known weight of auric chloride. In order to emphasize 
how far J. J. Berzelius was in advance of the chemists of his day, it tnay be men¬ 
tioned that in 1819 J. Pelletier obtained 238, by weighing the gold remaining after a 
known weight of aurous iodide was calcined; that in 1821, J, Javal obtained 201 by 
the analysis of gold oxide, and 208 by the analysis of potassium chloroauratc ; and 
that in. 1823, L> G, Piguier obtained 179, by the analysis of sodium chloroauratc. 
J. J. Berzelius, also in 1824, analyzed potassium chloroauratc, and calculating hia 
result to present-day standards, he obtained 196 708 for the at. wt. ol gold -a result 
not so good as his earlier determinations. In 1850, A, Levol reduced a soln. of 
auric chloride with sulphur dioxide, and determined the resulting sulphuric acid 
as barium sulphate. A gram of gold gave 1782 grma, Ba80 4 , which makes the at, 
wt. of gold 196'55. In 1876, J. Thomsen determined the ratio Au : 4Br=32fl ; 50 
in hydrobromoauric acid, HAuBrt.5H 3 0, and this furnishes 197 48 for the at. wt. 
of gold. 

In 1886, G. Kriiss again opened up the subject in his memoir Uftiersuc/tungen 
uher das Atomgemcht des Goldcs (Mimcken, 1886). This memoir is often regarded 
as inaugurating the modem determinations of this constant. Hence the deter¬ 
minations of the at. wt. of gold may be conveniently grouped in three periods: 
(1) The inexact value obtained prior to J, J. Berzelius’s investigations (2) the values 
obtained m the Beraelian era, which give as a best representative value 197 29; 
and (3) the modern era commencing with the work of G. Kriiss. G. Kriiss first 
determined the ratios AuCl 3 : Au : 3AgCl, and obtained for the at. wt. of gold, 
19714 ; and in the remainder of his work ho employed potassium bromoaurato 
from which five ratios,were derived. In one set, the gold was reduced either by 
hydrogen or by sulphur dioxide and the consequent ratio KAuBr 4 : Au gave 197125 
for the at, wt. of this element. In another set the bromine liberated during the 
sulphur dioxide reduction was determined as silver bromide and the resulting 
ratio Au : 4AgBrgave 197*156 for the at. wt. The weighing of the residue Au+KBr 
obtained after the hydrogen reduction gave the ratio An: 3Br which furnishes the 
at. wt, 197'040; ana when the resulting KBr in the residue was determined, the 
ratio Au: KBr enabled the at. wt. to be computed—the result was 197 077, The 
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general mean of all G. Kriiss’s thirty measurements was 197T3, Independently 
of G, Kruse and partly overlapping, T + E. Thorpe and A. P* Laurie reduced the 
same compound by ignition, ana the gold was determined by washing out the unde* 
composed bromide, and weighing the residue. This gave the ratio Au : KBr + The 
potassium bromide was also determined volumetrically by titration with a soim 
of the silver salt for the ratio Au : Ag ; and also gravimetrieally as silver bromide 
for the ratio Au ; AgBr* These three ratios furnish the moan 197*25 for the at. wt. 
of gold. 

In 1689* J* W. Mallet made seven series of determinations of the at. wt, of gold ; 
(1) lie analysed auric chloride and obtained the ratio Au; 3Ag - (2) likewise the 
bromide for Au: 3Ag ; (3) potassium bromoaurate* KAuBr 4 * wits then analyzed 
for the ratio XAuBr 4 : Au; 4Ag; {4) he also decomposed thermally the double salt 
trimotbylaunnonium chloroaurate, NH(CH 3 ) 3 AuCl 4 , for the ratio NHfCHa^AuC^: 
Au; (5) he then electrolyzed potassium cyanoauratc, KAuCy 3 , and potassium cyano- 
argentatc, KAgCy^, in the same circuit, and obtained the ratio Au: Ag; (6) he 
also electrolyzed potassium cyanoauratc in circuit with the hydrogen voltameter 
for the ratio Au: H; and finally, (7) he determined the hydrogen uq. of a given 
amount of zinc, and found the amount of gold this amount of zinc would reduce 
from a soln. of auric chloride or bromide. He thus obtained the ratio Au: 3H, 
The means in the different scries were; 

UJ ti) (a) (4) <3) m (7) 

137 13 19718 197-KS 1W7 73 H>7'22 l'JU-072 1DG713 

These results combined with the preceding give the general mean l%'7ii2 ± 0 01SJ9, 
The best representative value for all the determinations is 197 20 and the Inter¬ 
national value is 197v2 + The atomic number of gold is 79. 
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§ 8* The Flocculation and Deflocculation of Oolloidat Solutions 

Adsorption by a liquid or solid is essentially specific, for the amount adsorbed 
necessarily varies with the nature of the adsorbing agent* the liquid, and the sub¬ 
stance to be adsorbed. W. D. Bancroft 1 has compiled a large number of examples 
in his Outlines of Colloidal Chemistry t from which many of the following are selected* 
In illustration of selective adsorption L. and P, Wohler and W. PJuddeman 3 found 
that charcoal and ferric oxide adsorb benzoic acid about ten times as strongly as 
acetic acid, while chromic oxide absorbs the two about equally well, and platinum 
black adsorbs acetic acid a little, and benzoic acid not at all. Salts generally have 
a tendency to adsorb their own ions—silver bromide adsorbs silver nitrate or 
potassium bromide, but not potassium nitrate ; charcoal adsorbs acid and basic 



dyes; alumina adsorbs acid dyes readily but not m with basic dyes ; silica and 
tannin adsorb basic dyes the more readily ■ and wool adsorbs jnany dyes strongly 
without a mordant, while cotton adsorbs relatively few, G. T, Davis found that 
the order of adsorption of iodine from soln, of different substances was not the 
same with different kinds of charcoal 

A, Muller and H, AYeiske have shown that filter paper ml sorbs so much barium, 
strontium, or calcium hydroxide from dil. soln, as to interfere with the use of filter 
paper for Certain quantitative work. T. Baylcy, J. U. Lloyd, M, A. Gordon, 
L, H. Skraup, etc,, have studied the adsorption of salts by filter paper. The general 
results show: (1) filter paper shows selective adsorption for water and for each 
constituent of the snln,; (2) if the solute is adsorbed relatively faster than the water 
there will bo formed a water-ring ; (3) if the water is adsorbed relatively faster than 
the solute, the latter will concentrate in the outer zone. 

If a substance adsorbs a base mono strongly than an acid, there will be a tendency 
for that salt to hydrolyze in soln. Similar remarks apply if the acid U- adsorbed 
the more strongly. For instance, there is no doubt a slight hydrolysis of sodium 
chloride in aq. soln.: NaCi+H a O^Na011-bHCl, but the action is so slight that 
it cannot be detected under ordinal conditions and the soln. appears neutral. If one 
product of the hydrolysis be removed from the system, say, the sodium hydroxide, 
the hydrolysis can go furthor, and the soln, will become acid. P. K. Cameron 
showed that if fuller's earth be shaken with water, the filtrate remains neutral to 
litmus or to phenolphtholein, proving that nn soluble acid or alkali is present; 
but if the fuller's earth be shaken with a soln, of sodium chloride, the filtrate is acid 
to litmus and phunolphtbalein. Moist fuller's earth will remove alkali from 
slightly reddened phenolphthalein, and the colour disappears ; moist fuller's earth 
acts similarly when pressed against litmus paper, the pa|>cr is reddened by the 
earth adsorbing the base from neutral litmus. 

J. E. Harris found that sandy loams and ohms day which had been treated with an 
acid, and the soluble acid removed by washing, adsorb the bfljto from soln. of sodium acetate, 
potassium nitrate, or sodium chloride. L. Iriobormnmi repented that animal charcoal will 
not remove tho base from a woln. of sodium chloride, but that it wifi do no from hoIh, of 
Medium acetate or phosphate. Cupric or ferric hydroxides, so called, adsorb the acid; 
and hmioblack adsorbs unchanged calcium or barium chloride from the aq. soln. 1* Yorko 
aEtfO observed tliat filter paper adsorbs load oxide from a soln, of lead oxide in hme water, 
L. H. ttkraup notod that load acetate soln, loses load oxide and bocoince moro acid when 
passed Mi rough filter paper ; L. Vignon obtained an analogous result by the action of 
cotton wool on aobi. of mercuric chloride. 

tl. (J. Schmidt found that in the simultaneous adsorption of iodine and aoefcic 
acid by charcoal from sain. of iodine in water and in ethyl acetate, leas of each 
substance was adsorbed than if the other had been absent. H, Freundlich and 
M« Masius obtained similar results with pairs of organic acids, and they also found 
that the acid which is absorbed tho more is displaced the less when the two acids 
are present in soln, 

H. Lacks and L, Midwife found sodium fiydroxido reduced tlio adsorption uf potassium 
cldoride from water, while the preeanca of sulphuric acid increased the adsorption in agree¬ 
ment with Y, Osaka’s observation that potassium chloride is adsorbed more than potassium 
sulphate, and sodium chloride mom than sodium sulphate, W. Skey afeo found tliat 
charcoal will remove traces of nitric acid from dll. but riot from cone, sulphuric acid 
--otherwise expressed, with an increase in the tone, of the sulphuric acid there is an 
increasing displacement of nitric acid from the charcoal, so that leris is adsorbed from the 
cone, acid, H, Froundlich and H Kampfer found that the presence of thorium salts reduce 
the adsorption of uranium salts by charcoal; P. Kona and L. Alichalfe, that acetone and 
acetic acid decrease the adsorption of glucose by charcoalj and D. B. Lake, that albumin 
and acetone have no effect each on the other. 

H + Freundlich * assumes that adsorption by colloids is accompanied by a lowering 
of the surface tension of tho absorbing phase. He bases his reasons on J, W. Gibbs’ 
well-known formula —[C/RfUfofdUlt but as W + D. Bancroft has shown this 
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ia a maZ-appliration, because J, W, Gibbs' deduction refers to true aoln., and not to 
suspensions, IL Freundlicb's conclusion, however, is a valid empirical generaliza¬ 
tion, and it therefore follows that any substance A which is adsorbed by a second 
substance B lowers the surface tension of B, and will therefore tend to disintegrate 
it ho as to form a colloidal soln. The term wptfe&tioii— rfyis, digestion — was 
coined by T, Graham to denote the disintegration or defloeculation of a colloid 
so as to form a colloidal soln. ; the converse coagulation or flocculation was also 
called pcctizatwn-^rrjKros, curdled. The assumption now made is that every 
adsorbed substance tends to peptize the adsorbing substance, 

W. 1). Bancroft 1 has collected together uiiiim of evidence in support of this hypothesis 
from which the following examples are selected ► We may have peptization by a Liquid, by 
a non-electrolyte, by an Adsorbed ion, by a unit, or by a peptized culloid. When a liquid 
is adsorbed by a solid, it will tend tu peptize it, and in some cases wPJ do ho, Water peptizes 
tunnin, amyl acetate peptizes pyroxylin, and fused salts peptize metals. At higher temp, 
the peptizing action incmaacH, and we may get glass peptized by water or vulcanized rubber 
by various organic liquids. Gelatine it* not peptized by cold water, but is by warm water. 
J. WeisbeTg found calcium silicate hcojos to dissolve in a sugar soln. What ri^dly happens 
is that it jfl peptized by the sugar soln. A cone, soln, of sugar in water will prevent the pre¬ 
cipitation of calcium silicate, (J. A. L, de Jlmyn found that silver chiuinate and silver 
chloride are peptized by sugar; also T. Graham noted that lime is held in apparent soln. 
in the presence of Augur, and E, JtifTard noted that sugar prevents the precipitation ol 
the hydrous oxideg of copper and iron by ammonia; and E. Crimaux noted tliat glycerol 
prevents the precipitation of hydrous ferric oxide by potassium hydroxide. 

A* Lotto n noser found that by adding a slight excels of ^A'-potaasium chloride, 
brumido, or jodide to ^-A 1 ^silver nitrate, the silver halide remained in soln. Freshly 
precipitated silver chloride is peptized by silver nitrate or potassium bromide, 
and in each ime the silver or bromide ions are adsorbed, and, us L Cramer has shown, 
the peptization of Bilvei iodide and silver bromide gels by the corresponding halogen 
ion takes place in a striking manner in the presence of gelatine. J. M. Eder said : 

If we precipitate stiver bromide from a cold ai|. soln. containing no gelatine or other 
similar substance, we get a coatee, compact precipitate which can easily be washed on a 
fil ter. If we pour this preci pitato int o a warm soln. of gelatine an cl sh nk 0 , th e si Ivor bromide 
disintegrates and forms a fine emulsion, Under these circumstances tho silver bromide 
behavCH differently, depending on whether it has boon precipitated m presence of an excess 
of bromide or of silver ault, This difference is noticeable no matter how carefully the silver 
bromide is washed. 

A. Muller peptized thorium hydroxide by a soln, of thorium nitrate, and zirconium 
hydroxide by zirconium nitrate; while B. Szilard peptized the rare earth hydroxides by 
soln. of the chlorides or nitrates of tho same elements. C. F. Nagot showed tlmt the apparent 
soln. of hydrated chromic oxide in chromic chloride &oLtl is a case of peptization. 
H* W. Figchcr and W. Hen, and C. F. Nagel found Lho apparent soln. of chromic oxide in 
an excess of potassium hydtoxide soln. in a case of peptization ; A. Hantzsch found the 
apparent soln. of beryllium hydroxide in potassium hydroxide comes in the same category, 
so also O. Loew’gandH* W, Fischer’s observations of the action of caustic alkali on hydrated 
copper oxide, and C. TubandFs on hydrated cohalt oxide with the same menstruum. 
Freshly precipitated zinc hydroxide was found by W. D. Bancroft to be peptized by caustic 
alkali* but the soln. is so unstable that it coagulates in half an hour, and the relatively 
small amount of zinc remaining m boIh, is present as alkali zmeate. This explains the 
results of A. Hantzsch, H. W. Fischer and W, Herz, and O. Klein with the urnne reagents. 
According to E, G, Mahin, D. C. Ingraham* and 0, J, Stewart, alumina is peptized by 
alkali-lye, but the work of W. lierz, A. Hantzsch, J. Rubenbauer, M, H, Fischer, R, E. Slade* 
and F* Blum show that it goes into soln. mainly as sodium aluminate. T. Graham showed 
that gelatinous silicic or Atomic acid ia peptized by sodium hydroxide. A. Muller prepared 
colloidal soln. of aluminium, iron, cobalt, thorium, and Yttrium oxides by peptization with 
; W. B, Bentley and R. P. Rose peptized alumina with S percent, acetic acid. 

Sulphides are peptized by hydrogen sulphide* for S, E. Linder and H. Picton found an 
excess of the last-named agent was necessary for the preparation of stable colloidal arsenious 
sulphide, and S. W. Young and W- H. Goddard showed that such sulphides con be repeatedly 
precipitated and peptized by removing or adding hydrogen sulphide, so that flocculation 
by electrolytes is not always on irreversible process. W. Bpring found that copper sulphide 
prepared from a dil. ammaniacal soln. of toe sulphate, and free from ammonium salts is 
peptized to a brown soln, by hydrogen sulphide soln, J. N, Mukherjee and N. N, Sen 
mode some observations in the same direction. E. Frost peptized cadmium sulphide in 
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a similar manner. C. Winssinger prepared a colloidal Hohx. of zinc aulpliide by the action 
of a soln. of hydrogen sulphide on freshly precipitated *inc sulphide, 

J* Lefort and P. Thibault found that mercuric sulphide precipitates rapidly if 
mere uric chloride be added tu the sulphur springs of BagutTes da Luchh), but no 
precipitation occurs if soln, of gum arabic, albumin, and other decoctions be present. 
Experiments with sulphides of lead, silver, iron, manganese, mercury, copper, 
zinc, antimony, and arsenic give similar results if the aoln. of the salts be sufficiently 
dil. and enough gum arable is added ; metallic hydroxides behaved similarly* The 
formation of many other precipitates was also prevented by gum arable. 51. Lachaud 
found dextrine prevents the precipitation of ferric hydroxide by ammonia. 
C. Schiaparelli found saponin peptizes lead sulphate, barium carbonate, and other 
salts; W, Spring says soap peptizes rouge, charcoal, etc. These substances are 
often called protective colloids because they prevent the agglomeration and settling 
of finely divided precipitates. Caserne is not peptized by water, but is peptized 
by acids and alkalies, and then acts as a protecting colloid. C. F. Nagel, and 
A. B. Northeote and A, H. Church found that hydrous eliromic oxide is peptized 
by caustic potash and can then prevent the precipitation of hydrous ferric oxide, 
etc* If too much ferric oxide is present, ail the chromic oxide is carried down by 
it, M. Prud'homme found that colloidal copper oxide peptized by ammonia causes 
the peptization of chromic oxide by ammonia. 

The particles in suspension in colloidal soln. are electrically charged, and in the 
majority of cases, if water be the dispersion medium, the charge is negative in 
agreement with A. Calm's rule & that when two substances are electrified by 
friction, tiie substance with the higher dielectric constant takes on the positive 
charge while the other aubstanic takes the negative charge. Water has a relatively 
high dielectric constant, and hence, if the particles are charged by a process analogous 
to frictional electricity, the probability is, that they will be electrified with a negative 
charge. On the other hand, the dielectric constant is low, and G. Quincke 
found that with the exception of sulphur all the substances he tried were positive 
in this menstruum. E. F. Burton's experiments arc also in agreement with the rule. 

The electric change on colloidal particles can be conveniently demonstrated by 

E, Linder and U* Victim's experiment in which the liquid was placed in a U-tube 
fitted with eloctrodew charged to a high potential -say 110 to 220 volts. It was 
found that suspended particles of shellac, starch, sulphur, gold, silver, platinum, 
cadmium, metallic chlorides and sulphide*, Prussian blue, silicic acid, stannic acid, 
clay, molybdenum blue, aniline blue, etc., travel to the anode, and therefore the 
particles are presumably charged negatively; on the other hand, particles of 
various metal hydroxides— ferric, chromic, aluminium, cadmium, zinc, thorium, 
zirconium, and cerium hydroxides—titiinic acid; the metals lead, bismuth, and. 
iron ; methylene blue, etc., migrate to the cathode and presumably carry a positive 
charge* 

W, B. Hardy showed that albumin m an alkaline *uJn, m negatively charged ; in an acid 
soln., positively charged ► and in a neutral aahi. it is neutral - f and J, Hillitzor found that 
colloidal platinum in chloroform is positively charged, and in water negatively charged; 
ami H\ R. Weiser obtained colloidal aoln. o£ positively and negatively charged barium 
sulphate. W. Pauli obtained similar results with protcidu f J. Perrm, with many suspended 
powders and hydrosoly ; and F. Powik with ferric hydroxide. A. Culm observed that sugar 
migrates to the anode in dil, alkali aoln., and to tho cathode m <1 il . acid boJu. 

F. F, Reuss, in 1806, discovered the transport of both liquid and solid in u system 
composed of a liquid with a finely divided solid : 

Ho inserted into a lump of moift clay two vertical gloss tubes, filled them with water 
and dipped an electrode into each. On establishing a potential gradient between the elec¬ 
trodes, y. F, Reuse noticed to hifl surprise that the liquid rose in one tube and sank in the 
other, and that furthermore a decided turbidity developed in that tube in which the water- 
level sank. There had occurred, in short, a transfer of liquid to tho cathode through the 
more or less porous day diaphragm and, besides this, a simultaneous migration of some of 
the detached day particles, the effects taking place in opposite directions. 
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, S. Vtentsdhch classified the electro-kinetic effects in a two-phase system of 

_* T .1 r'f f ji 


(]} A difference of potential sanding a current through the system may produce a 
* relative displacement of the phases: (a) if the solid is fitted in the form of a porous diaphragm 
the liquid may move through the diapliragxn {electrical etvbstnosc); {£} if the solid la in the 
form of a suspension and ia free to move, the solid may migrate through the liquid {coto- 
phoretwy {2} A relative displacement of the phases may produce a difference of potential 
and consequently an electric current through the system; (a) if the solid is fixed in the 
form of a porous diaphragm through which liquid is forced, a difference of potential and 
an electric current may be established between the extreme* of the diaphragm ((?. Quinek^# 
diaphragm current*); \b) if the finely divided solid lb dropped through the liquid, a difference 
of potential and a current may be set up between tho upper and lower liquid strata 
[ J. Billitzer^ experiments). 

The velocity of migration V of the disperse phase with a fall of potential E volte 
per cm*, when the potential difference of the double layer is t, and the dielectric 
constant and viscosity of the liquid are re&fwctively K and i/, is obtained from 
Y=\^EK(in}. For glass and water with a fail of one volt per cm., M. von Smolu- 
ohowsky 6 calculated a velocity of migration of 34 x 10 ems, per second. Various 
measurements have been made by S. E. Linder and H. Bicton, W. R. "Whitney 
and J. C, Blake, E. F. Burton, A. Cotton and H. Mouton, etc., and the results for 
arsenious sulphide, quartz, gold, platinum, silver, iron, and ferric oxide range from 
19 to 40 X 10“* cms. per second with a fall of potential of one volt per cm. This means 
that the velocity is nearly Independent of the size and form of the particles. The 
velocity of migration of the suspensoid is nearly the same at! that of an average 
slowly moving ion—thus, for Li’, the velocity is 36 x 1G —15 cms, per second with a 
fall of potential of one volt per cm* E, F< Burton estimated the magnitude of the 
charge on particles of gold and silver soln. and found for silver soln. 2 - 8 X10— !2 
electrostatic units, so that the charge on a gram-uq, of colloidal silver is about 4 per 
cent, of the charge on a silver ion, Ag\ Calculations have also been made by 
W. C, McC. Lewis, by H, Lamb, and by H* Freundlich. The charge on a particle 
is e=where r denotes the radius. The charge on a particle of colloidal 
platinum of radius 50 pp and velocity 2^ is 297 x lO^ 10 uliHitrostatlc units, a quantity 
nearly eq. to that of 99 chloride ions. 

In 1870, W. S. Jcvons 7 assumed that tho minute particles in a colloidal soln. 
acquire their electric charge hy friction against the solvent as a dielectric, and he 
also supposed that the mutual repulsion of like charges prevented the coalescence 
of the particles. A, Cotton and H. Mouton, H. Lamb, and others interpreted this 
in terms of H. von Helmholtz’s theory of the double electric layer formed hy friction, 
so that the charged particle, with an opposing charge of opposite sign in the sur¬ 
rounding dispersion medium acts as a spherical condenser with 
oppositely charged concentric plates, Fig. 9. It is necessary to 
assume that there is a slip between the two coatings, for if they 
were fixed the particles would remain motionless in the electric 
held. This hypothesis may explain the origin of the electric 
charge in non-conducting soln., hut iu other cases the trend of 
opinion is that the disperse phase absorbs electrically charged 
ions from the soln., and, in the case of colloidal soln, of 
the metals formed by Gr. Bredig s process of sparking the metals under water, 
H. T + Beans and H, E, Eastlack believe that an oxide of the metal is formed 
and adsorbed during the sparking. The negatively charged platinum, gold, 
etc., are much more stable if chlorides, bromides, iodides, or hydroxides be 
present. 

The electrical conductivity of colloidal soln. is very small, and is so little different 
from the liquid medium that it is not easy to decide what part of the conductivity 
is due to the medium, and what to the sol h "or to the adsorbed impurities which cannot 
be removed from the rolloid by washing or dialysis. For example : 
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Smdfto conduct! yHt Jq jutwi* 

Sot Medium. 

Gold.1-4 O-alXlO"* 

Femo hydroxide ► . 3fl-7xlO _B S^XlfT* 

W. R. Whitney and J. C. Blake 8 found the conductivity of gold hydrosol to diminish * 
with repeated electrolysis, and finally approached a limiting value approximately 
that of the medium itself. When a soln, is placed in a U'tube, 
Fig, 11), fitted with suitable electrodes, during electrolysis, thn 
suspended particles move through the liquid towards one 
electrode, and away from the other. The suspended particles 
move in the direction which reduces the electrical stress when 
a difference of potential is established in the liquid. This 
motion of the solid through the liquid is often called ™(cp- 
phorwix or kafaphorcsis (itdi-i a bringing down). 

A. Cotton and H. Mouton 
have designed a neat appa¬ 
ratus, T wo strips of platinum 
foil Fl\ Fig. 11, to servo os 
electrodes^ are cemoiTtfid to 
a glues dip AAi TJio«e strip*) 

Fig. 10. — The of foil are gripped by a pair Fio, N,- -Micrmunpic Slide for ob- 
Migration of W of tenninala TT. A drop of worving the Migration of Colloids 
inmanuls during tho liquid under examination during Electrolysis, 

Electrolysis. is placari on the slide so that 

it touches both electrodes, and the cover glass fill is placed in position 
in the usual way. The preparation is thou examined under the microscope. The move* 
mentu of the parlicloK iowards one electrode and away from the other electrode can bo 
readily observed. 




Suspenaoids can be ranged in two groups according as they migrate towards the 
anode or the cathode. S. % Linder and H. Piefcon (1892} noticed that colloidal 
arBEinioufl sulphide travelled towards the anode, and ferric hydroxide towards the 
cathode. It is therefore inferred that the particles in some sols are positively 
charged, and others negatively charged^ 


Pmftlvnly charged b^la 
fto cuthrrfe). 

Metal hydroxides 
Titanic acid 
Lead j are 
Iron \ probably 
Uinmuth | hydroxide noln 
MagiL&la red 
Methyl violet 
Methylene blue 

Albumen, agar-agar, lipamoglobtn 


Negatively r}u»rg«d snfa 
(to ajKhJe), 

Metals and their salts 
Sulphur, wlaniLim, iodine 
Vanadium pontoxido 
day, quartz, felspar, n&beatos 
Starch, aheJlan, amber 
Aniline blue, fuchsine, tungsten blue 
Gamboge, mastic* caramel 
Silicic and stannic acids 


The solvents make a difference ; thus moat of those substances which move towards 
the anode when suspended in water, travel in the opposite direction in turpentine. 10 
The magnitude of the charge can he estimated from the rate of transit of the particles 
and the strength of the electric field. The velocity is independent of the size and 
shape of the particles, and is found to be of the same order of magnitude as the 
migration velocities of slowly moving ions, and is not far from 34 x 10^ 5 ems, per 
second with a difference of one volt in the fall of potential. The actual numbers 
are: 


Silver. Go]'l r Platinum, iuJphl<K Fefrio hpdroxld*. 

19 to 33xl0^ fl 21 to 4GxlO _1 30 to 30 x LU _fl 22xl0 _a 30x10”* ci eul per second 

The extraordinary sensitiveness of colloids to chemical reagents attracted 
attention very early, 11 Ii> 1824,, for example, J, J. Berzelius noted that colloidal 
boron is precipitated by acids and salts; in 1840, H. W. F. Waokenrodex noticed 
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that colloidal sulphur was precipitated by the addition of an acid to a aolu* of a 
polyfchionate; E. Fremy marked the precipitation of soln* of silicic acid by soluble 
alkalies \ H. B. Weiser, the precipitation of some colloids by mixed electrolytes ; 
W, Crum, the coagulation of colloidal alumina by salts and acids; T. Scheerer, 
the clarification of turbid sob, by strong acids and their salts. M, Faraday also 
noticed that his gold sola changed colour when treated by a salt ; and T. Graham, 
discussing this very action, said: 

The colloid, although often dissolved in n large proportion of its solvent, is hold in sob, 
by a singularly feeble force. Hence, colloids ano generally displaced or precipitated by the 
addition to their soln. of any substance from the other cIohh iViyfltiUloiduJ, 

In general, the clarification of turbid aoln., due to very small suRpended particles 
which settle very slowly, \f at all, ia promoted by the addition of soluble electrolytes; 
non-elecftttlytea do not act in this manner. Thus, T. Schloaing found that the 
addition of 0 (X)01 or 000001 part of calcium or magnesium salts will clear water 
from suspended clay. This is supposed to explain the marked clarity of hard 
waters, A turbid suspension of clay which does not clear after standing ter months 
will be clarified in half an hour after the addition of a trace of sodium chloride, 
or a drop of sulphuric acid. This partially explains the precipitation of mud at the 
mouths of fresh-water streams where they come in contact with the salt of the sea. 

The susceptibility of colloids to the influence of electrolytes varies very much ; 
some require large amounts of certain salts to effect precipitation, and are not 
affected by other salts, W. S, Jevons noticed, in 1870, the addition of acids, 
alkalies, or salts, independently of their constitution, stilled the Brownian move¬ 
ments, and coagulated the suspension. R. Zsigmondy thus described the effect 
of adding an electrolyte to a colloidal soln. with ultramicroscopic particles in sus* 
pension, as it appears under the ultra microscope : 

The light cone fiiat becomes visible; wavy nebula appear ; the clouds thicken ; and 
tiny individual particles wit h on active Brownian movement come into view. Whore the 
particles unite, they turn about their common contra of gravity, and the Brownian move* 
ment begins again, but morn sluggishly than before. 

When the particles have settled, the Brownian movement ceases owing to the largo 
size of the aggregates. The gradual discharge of the disperse phase has been 
followed by E. F. Burton, and T. Svcdbrrg, and the latter showed that the amplitude 
of the Brownian movement was the same whether colloidal silver was neutral or 
charged positively or negatively, thus shewing that the Brownian movement is 
not due to electrical causes* 

A definite concentration ot the electrolyte is necessary for the complete pre¬ 
cipitation o! the colloid, smaller or larger amounts may cause partial precipitation, 
or none at all. For example, H. Freundlich found that the addition of 1219 
and of 2'423 milligram-molecules of potassium chloride to a soln* containing 11 H 272 
milligram-molecules of arsenious sulphide in suspension, produced very little result 
at the end of 340 days—about 18 milligram-molecules of the sulphide, at most, 
were precipitated—but with S + 9 milligram-molecules of potassium chloride, nearly 
the whole ' of the sulphide was precipitated, W, B. Hardy, K Freundlich, 
JE. F. Burton, J. Duclaux, A* Lottermoser, F. Powis, H. R. Kruyt and co-workers, 
etc,, have studied the effect of traces of electrolytes on the stability of colloidal 
soln. W. B* Hardy showed that the flocculation of a colloidal soln. occurs exactly 
at that cone, of the electrolyte which can stop catapboresis, but later observations 
have shown that this hypothesis requires modification. It is a curious fact that if 
the precipitating agent be added slowly, in small portions at a time, a larger amount 
is required for complete precipitation than if the reagent be added quickly. The 
difference is greater the slower the reagent is added. Thus, 2 o*o* of a soln, of barium 
chloride flocculated colloidal araenious sulphide immediately when added at once, 
hut if added to an equivalent sob. slowly, drpp by drop, only a relatively small 
part of the colloid was precipitated in 45 days. 12 Using metaphorical language, 
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it has been add that the sol becomes acclimatized to the reagent when the latter 
is added slowly. 

It has been a favourite assumption ia that the stability of a sol colloid is due 
to the formation of a chemical complex. For example, silver hydrosol has been 
regarded as sAg.^AgOH ; arsenious sulphide as ; etc.; and T. Graham 

haa said that (i the bania of colloidality may ready be the composite character of 
the molecule/' However this may be, V. Henri and A. Mayer consider that it is 
somewhat doubtful if the precipitating agent unites chemically with the sol colloid, 
because the amount of salt associated with the colloid varies with the cone, of the 
salt in the liquid, in agreement with the general law rtf adsorption of sulwtancea by 
colloids. 

According to W> B. Hardy/ 4 the ion which is active in coagulating a given 
colloidal sol has a charge of opposite sign to that of the colloid ; consequently, 
the precipitating power of an electrolyte depends upon the valency of the ton whose 
electric charge is of opposite sign to that of the colloid. H. Freundlich calls this 
Hardy’s rule, and it has been confirmed by the work of II. FrcundJich, H, Picton 
and S, E, Linder, Jf. Perrin, and others. In 1882, H, Schulze showed that the pre¬ 
cipitating power o! an electrolyte lor a given colloidal solution depends upon either 
the anion or the cation, but never on both, and it increases rapidly with the valency 
of the active ion- Thin has been called Schulze's W. The precipitating power of 
electrolytes falls into groups according to the valency of the active ion. Thus, 
with arsenious sulphide, which is a negative sol, the electrolytes with a univalent 
cation- H L , Na 1 , K\ .. ,—fall into one group with the smallest precipitating power ; 
the bivalent cations Ba - , Mg <h , Zn J , . . , —fall into a second group ; and 

the tervalent cations —Al ,l \ Fc 1 . . .—fall into a third group with the greatest 
precipitating power. Table VII shi>wsthe minimum cone, of tha given salts required 
to ungulate the negative colloid in a sol containing 11 71 milligram-mole culca of 
araenious sulphide per litre. In this particular case, therefore, the precipitating 
power of ter-, bi-, and uni valent cations is approximately as 1 : 8 ; 500. N. Bach 
found the coagulating power of the alkali ions is in the order Cst J >Rb> 

>K >Na >Li; and the halogen ions, CF>Br'>I'. A. Wcstgren found that the 
coagulating power of an electrolyte to be independent of the size of colloidal gold 
particles ; and that the velocity of coagulation is greater, the greater the migration 
velocity of the anion. 0. Herstad showed that tain, of mercuric chloride with a 
comparatively small degree of ionization have a much greater coagulating power 
cm gold hydrosols than most salts of the heavy metals, more strongly ionized. Tho 
coagulation is inhibited by hydrochloric acid. He supposes a film of mercury 
oxide is formed about the colloidal particles of gold which transform the negative 
colloid into a positive one, W. C. D, Whetham recast Schulze’s law in the form : 

The coagulating power or the reciprocal of the minimal cone, of a series of kme of the 
flame sign is proportional to a constant raised to the power representing the valency of each 
ion, so that if J J 1+ P lt and /*, represent the coagulating powera of a uni-, bi-, or tri-valent 
radicle, : P t i F S =K t K* i KK whore K is a constant. 

Table VII.—The Fhecipjtatino Power of Electrolytes on Arsen jotrs Sulphide, 


Univalent catloiu. 

Bivalent raMona. 

Hemlent eudmii. 

Salt. 

m#thl mol*, 
per Utra. 

Salt. 

tfgrm. moll), 
per litre, 

Salt. 

Jtfgrzn. route, 
per litre. 

KT 

(HI 

BaCl a 

0-0* 

A1CI, 

013 

KOI 

G9'l 

Be&0 4 

M3 

AI(NO a ), 

014 

KNO t 

fl9*8 

MgCl, 

100 

iCB,(SO,) 

, 013 

LiCl 

81 >5 

CaCl, 

Ca(NOj], 

O’BOS 

— 

— 

HC1 

429 

0-945 

— 


NH 4 d 

89 >1 

ZnCt. 

O-05A 
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H. B + Weber and E. B* Middleton noted that in the precipitation of colloidal 
aluminium hydroxide, the most readily adsorbed ion precipitates in the lowest cone, 
and conversely* The order of adsorption deduced from the precipitation values, 
expressed in e<p, is ferrocyanide, thiosulphate, ferrioyanide, citrate, sulphate, 
oxalate, phosphate, chromate, dithionate, dichromate, chloride, nitrate, bromide, 
and iodide. H. R. Kruyt and co-workers have studied the flocculation of gold 
sola by thorium nitrate, by colloidal thorium oxide, apd by potassium, barium, 
and aluminium salts \ H. D. Murray, of colloidal sulphur; N, Bach, of colloidal 
arsenic sulphide and ferric hydroxide by the alkali halides ; J* N. Mukheijee and 
N. N. Sen, 15 and J, Mukhopadhyaya, the effect of dilution and temp* on arsenic 
sulphide, H, D. Murray tried to get a general expression for the precipitating 
action of ions on colloids, and found, for univalent cations with the same anion, 
for negatively charged colloids C—K.N*, where C is the minimum cone* for colloidal 
precipitation; N } the at. number of the cation; n f is a constant for tho colloid at 
a given eonc.; and K is a constant dependent upon the nature of the colloid, and 
on the anion, 

W* D, Bancroft has emphasized tho fact that the disperse phase in a colloidal 
win. is electrically charged by the preferential or specific absorption of some ion; 
iso long as all the particles are charged positively or negatively, they will repel one 
another and not coalesce. Neutralisation of the charge causes precipitation through 
adsorption, and that in all probability the neutralization or an adsorbed ion is 
another case of specific adsorption. The precipitating power of an electrolyte 
depends on the degree of its adsorption by the disperse phase. According to this 
hypothesis, H* Schulze's law means that tervalent ions are adsorbed more strongly 
than bivalent ions, and bivalent ions more strongly than univalent ions. This is 
the usual state of things, but Y> Osaka has shown that charcoal adsorbs potassium 
salts in the following order; Kl>KN(^>KBr>KQ>K a S0 4 for et]. cone*, therefore, 
the sulphate ion is adsorbed least of all If selective adsorption be the cause of the 
action, it may be predicted that some univalent ions will be adsorbed by some 
substances more than some bi- or ter-valent ions. This is shown to be the case with 
6, Oden’s experiments on the influence of different salts on the coagulation of 
colloidal sob. of sulphur. The oq, precipitating power of cccaium chloride is nearly 
five times as great as that of cadmium nitrate, zinc sulphate, or nickel nitrate, and 
greater than magnesium sulphate, manganese nitrate, or copper sulphate. 
H> Ereandlich found bivalent lead has nearly the same precipitating power on col¬ 
loidal platinum as tervalent aluminium ; and mercurous nitrate, HgNO a , a greater 
coagulating power on mastic than zinc sulphate, calcium chloride, or barium 
chloride. There are also exceptions to Schulze's rule to ho observed m the work 
of N. Pappada, on Prussian blue and copper ferrocyanide; of II. Freundlich and 
H. Schucht, on arsenious sulphide and hydrated ferric oxide; of J* N* Mukhcrjee 
andN. N> Sen on the coagulation of sulphide sob. where adsorption of the electrolyte 
does not take place to any marked extent. W. D. Bancroft furtlier showed that 
in the case of albumin there is not even a suggestion of Schulze’s law m the observed 
results. Instead of the cations being alone effective in the coagulation of negatively 
charged sots, and anions in the coagulation of positively charged sols, W* D, Ban¬ 
croft shows that in virtue of the preferential adsorption, the nature of both ions 
must be taken into consideration. Schulze’s law is to he regarded as a first approxi¬ 
mation because the precipitating power of an ion depends on its absorption by the 
disperse phase, and that the higher valent ions are adsorbed more than those of 
lower valency and have accordingly a greater coagulating power. 

T. Graham, H* Pictson and S. E. Linder, 1 * ana A* Lottermoser have noted the 
mutual precipitation of colloidal sols having opposite charges, and that if the 
charges he alike no precipitation occur! W. Biltz showed that it is necessary for 
the admixture to be made in proper proportions, for if either one is b excess, there 
may be 1 no precipitation, as in a case recorded by W, Spring. Thus, with 2 c.c. of 
a soln. of 0 56 mgrm. antimony trbulphide, and 13 c.<\ of a sola, of ferric oxide, 
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the product wuh turbid and homogeneous with 30'8 to 12 8 mgrma. Fe^; slow 
precipitation occurred with 8 0 mgrms. FcjjO^ ; complete precipitation with 6 4 
mgrms t Fe 2 0 a ; and a yellow soJn. with flocks with 4 8 and 3 2 mgrms, Fe^Qj ; and a 
yellow turbid sob, with no flocks with 0*3 mgrm, Fe 2 0^ per 13 c.c. of liquid. This 
conclusion was confirmed by H. Bechhold,M. Keisser and U. Friedemann, and 
V, Henri. W. D. Bancroft has emphasized the fact that adsorption may occur 
when two sols with charges of the same sign are mixed. “ Since complete neutralisa¬ 
tion takes place only when one sol has adsorbed the amount of the sol carrying an 
equivalent amount of the ion having the opposite charge, it follows that the amount 
of one sol necessary to precipitate a given amount of another sol will vary with 
the degree of adsorption ; it will therefore be a specific property and not an additive 
one/’ and he shows that the data of W, BilU on the precipitation of colloidal gold, 
colloidal antimony, or arsenic sulphide fit in with this conclusion. 

T. Graham observed that a rise of temp, of 1° occurred during the coagulation 
of a per cent, soln, of gelatine; J. Thomsen could detect no measurable heat 
change during the coagulation of silicic acid, but E. Wiedemann and C, Liideking 
found 113 to 12’2 cals, per gram; and H, Picton and & E. Linder reported that 
no measurable heat change attends the coagulation of ferric oxide or of arsenic 
or arsenious sulphides. According to F. Dorinckel, the heat of coagulation of silicic 
acid and of ferric oxide is always positive, and is not a linear function of the cone, 
of ths colloid. The heat of coagulation is greater per gram of iron oxide in dil. 
sob. than it is in cone. soln. F, Dorinckel also found the heat of coagulation of 
colloidal silver with a protective colloid to be about IS) cals, per gram of the disperse 
phase ; while J. A. Frange obtained with pure colloidal silver, 126 7 to 250*9 cals. 
j>cr gram. 

S. E. Linder and H. Piefon noticed that during the coagulation and precipita¬ 
tion of a colloidal sob., the sol carries down with it part of the reagent—mainly 
the ion whose charge is of opposite sign to itself and the sob. becomes more acid 
or alkaline. Thus, when colloidal amcnious sulphide is precipitated with barium 
chloride, barium apj>cars with the precipitate, and the supernatant liquid is acid 
with hydrochloric acid. The precipitate cannot be cleaned by washing. The ion 
with a charge of the same sign as the colloid, exerts an influence opposite to pre¬ 
cipitation, and tends to make the suspension more stable—thus, G, Bredig^s metal 
colloids become more stable when the medium contains a trace of alkali. 

When an insoluble precipitate is formed in the absence of electrolytes by a 
reaction between two chemical compounds, it is almost always in the colloidal 
condition. Thus if aq. hydrogen sulphide be added to a soln. of arsonious acid, a 
turbid yellow soln. of colloidal arsenous sulphide is formed : SHsAsC^+SHaS^AsjjSa 
d-AH^O. If the precipitate be made by adding an aq. hydrogen sulphide to a sob. 
of arsenious chloride, a coagulated precipitate nf arsenious sulphide is formed. 
In the latter case, hydrochloric acid is produced by the reaction : 2AsCI a -[“3H2S 
^As 2 S 3 +CHC1. If some hydrochloric acid be added to colloidal arsenous sulphide 
formod as just indicated, the suspended colloid is at once coagulated and precipitated, 
these facts illustrate a principle of great importance in quantitative analysis where 
successful work depends upon the formation of an insoluble precipitate which can 
ba easily washed free from absorbed mother liquid. When a colloid is precipitated 
by an electrolyte, as when aluminium and ferric hydroxides are precipitated by 
ammonia in the presence of ammonium chloride, the salt, ammonium chloride, 
coagulates the colloidal hydroxides into the gel condition. During the washing of 
the gel precipitate, the gel posses into the sol condition, because the coagulating 
salt is removed by washing. Hence a soln, of ammonium nitrate U used for washing 
aluminium and ferric hydroxide precipitates in order to keep the colloid in the 
coagulated or gel condition. The ammonium nitrate is driven off during the ignition 
of the hydroxides prior to weighing. Gel colloids are said to be reversible colloids 
when they can be converted into the sol condition by restoring the original conditions, 
e.fj. by washing out the coagulating electrolyte from precipitated aluminium 
vol. in, 2 n 
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hydroxide; M. C. Lea's soluble silver; etc. On the other hand, irreversible colloids 
cannot be reconverted into the sol condition once they have passed into the gel con¬ 
dition, e,g* stannic hydroxide, gold, etc. Some colloids are reversible when freshly 
precipitated, but become irreversible on standing. 

Soln. must have a definite cone, in order that a precipitate may be formed in 
a given time. Certain cone, favour the formation of crystalline precipitates and 
with greater or Less cone., the formation of crystals becomes leas and leas distinct 
until the crystalline structure cannot be recognized at all. When the cone, of the 
soln. decreases below that which favours the formation of a crystalline precipitate, 
the magnitude of the crystals decreases with increasing dilution, until colloidal 
suspensions arc produced. There is no evidence of a discontinuity, and it is con¬ 
sequently inferral that the smallest particles have a crystalline character. Accord¬ 
ing to P, P, von Wcmiarn’s analysis of the phenomenon, 17 the earliest or initial stage 
in the separation or condensation of a solid froma soln. is the formation of nuclei 
or particles approaching molecular dimensions. These particles increase in size 
in two ways: (1) By aggregation as when two particles approach close enough to 
unite and form a larger particle—this P. P. von Weimarn calls Aggregatiom- 
KristaUisation ; or {if) by abstracting molecules of the solute from the surrounding 
soln.—this P. P, von Weimam calls utolecularen Kri&talli&ati(m. Consequently, the 
stability of a system will depend upon at least two factors: (i) the rate at which 
the nuclear particles separate from the soln.; and (ii) on the rate at which the 
particles can grow. In order that precipitation may occur, an amount P of the 
solute must be present in excess of that required for the saturation of the soln, 
P. P. von Weimam calls this excess the Konden&ationsdruck -—that is, the condensation 
press, of the soln. Working against this factor is what P. F, von Weimarn calls 
the K<md£m<dion£wid£T$tand 1 or the resistance of the soln. to condensation; this 
varies with the nature of the solute and solvent. If C denotes the actual cone, 
of the supersaturated soln., and & the solubility or cone, of the sat. soln., C—S=P } 
the condensation press. For a given value of P y a few crystals of a very soluble 
solute {with S large) will be slowly formed under conditions where, for the same 
value of P with a very sparingly soluble solute (jS small), a large precipitate will 
be immediately formed. Hence, it can be assumed that the resistance of the soln. 
to condensation is inversely proportional to the solubility S of the solute; the rate 
of condensation or separation of the nuclear particles will be equal to kPjS, where 
k is a constant; and the tpezifische Ueberstiltigung, or the relative supersaturation 
of the soln. at the moment of condensation, will be PfS- 

The behaviour of the system will be different according as the value of PjS is deter¬ 
mined by a large value of P, or a small value of S. In the former cose, a gel is likely 
to be formed, and in the latter case, a sol. Other tkinga being equal, the duration 
of the phase of the initial condensation will depend on the magnitude of the super- 
saturation of the soln,, and the smaller the value of P the slower the growth of the 
particles. The solubility of barium sulphate, approximately 0‘0002 grm, per 100 c,o., 
is small in comparison with that of a soln. of barium chloride or nitrate, and of the 
ordinary sulphate precipitate in the laboratory, for on mixing such soln., G—SoiP 
for the resulting barium sulphate is not large enough to give large values of PjS t and 
an immediate precipitation occurs os is desired in the operations of analytical 
chemistry, By using soln. of barium thiocyanate, Ba(&Cy) 3 .3HaO, and manganese 
sulphate, MnS 04 , 4 H 2 0 , P. P. von Weimarn was able to obtain a wide range of 
values of PjS for the formation of barium sulphate^-Jfn304+Ba(SCy) a =BaS0 t 
+Mn(SCy}*. The time required for the opalescence of barium sulphate to appear 
when sob. with different cone, of Ba(SCy) s .3H a 0 and MnSQ^lHgO arc mixed; 
MbB 04 -bBa(SCy) !! —Mn(SCy) a +BaSO*, is indicated in Table VIII; and F. P. 
von Weimarn’s results showing the nature of the precipitate are indicated in 
Table IX. 

For very soluble substances, where S is large, the suapensoid stage is developed 
for large values of PjS t and the cone, suspenaoid forms a gel. When PjS is amall, 
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the stuq^nsoid staijo ia recognized with difficulty. For example a test tube 
containing a eat, soln. of manganous sulphate, MtiSO^ when dipped in liquid air, 
forms a dear solid jelly or glass. For sparingly soluble substances, where S ia 
small, the suepenaoid stage is developed with both large and small values of PjS t 
but with large values of PjS, the suspenaoid is a gd, and with small values of PjS a 
sol. Example, the formation of barium sulphate in aq. aolu, For substances 
which are virtually insoluble, S is very small, and the suspensoidol stage is recognise 
able only with large values of PjS ; and PjS must be extremely large if a gel is to 
be obtained. Example, the formation of aluminium hydroxide by reactions in 
aq, soln, at room temp. 

Table VIEI.—The Time jlequi&eo iron the Pbecipitation of Bahium Sulphate. 


Cuiiu. of tfw; ns* 

Him required for tt» wpc&riitoe at a 

! ILmaiwi aired for the prvdpltatlDn o( 

acting win — 

marked opufoBccmce after tha mixing of 

I most of the barium ualphoie attar 

normality. 

tha reagsota. 

the mixing of the TuatiDnta. 

0 002 

Some noconds 

0 5 to 1 hr. * 

0 001 

3 to 5 minutes 

2 to 3 ten. 

0 0005 

2 to 3 minuted , 

10 to 12 hft. 

0 0003 

6 to 8 minutes 

24 hrw. 

O’Qooa 

The opalescence and the appear* | 
ante of the precipitate wore not ; 

hi about 30 days the formation 
a precipitate on the walla of t 


distinguishable 

vessel was noticed. 


P, P, von Weimam further states that however small the solubility of a sub¬ 
stance, a crystalline precipitate is obtained if the volume of the sol and the interval 
of time are sufficiently great. Examples: the formation of crystalline minerals of 
sparingly soluble substances in nature ; and artificial processes for the synthesis of 
minerals. Again, every disperse system obtained by cooling a soln., by replacing 
une solvent by another, by reduction, oxidation, hydrolysis, or other chemical 
process, tends to diminish its dispersivity because the smallest particles are more 
soluble than the larger particles, and therefore the larger particles grow at the 
expense of the smaller. E. H. Buchner and J. Kalff hold that P, F. von Weimarn's 
theory is not confirmed by quantitative experiments. 

F. W. Liidersdorff (1633), 18 and M. Faraday j(1857) found that the coloured 
soln, of gold are more stable in gummy gelatinous liquids, M. Faraday said that 
on evaporating such a mixture, the red did not change colour; and A. Lottermoecr 
found that the presence of albumin prevented the precipitation of silver sola by 
electrolytes, and stated: When the hydrosol of silver is mixed with a stable colloid 
—like albumin, gelatine, agar-agar, or gum arabic—the addition of an electrolyte 
does not precipitate the silver until all the stable colloid has been gelatinized. The 
less stable hydiosol of silver is thus protected by the more stable colloid against 
the electrolyte. The silver hydrosol when protected by the stable colloid is itself 
stable. Hence, as previously indicated, those colloids which have the power of 
preventing or retarding the coagulation of suspensoid particles are called protective 
Colloids, or j BchulzkoUoide. According to H, Eechhold,! 0 each particle of the 
suspensoid (silver hydrosol) surrounds itself with a film of the cmulsoid (albumin), 
and then possesses the electrical properties of the latter. R. Zsigmondy considers 
that the. relatively small dimensions of the particles of gold in comparison with 
those of gelatine or albumin molecules established by C. A, L. do Bruyn does not 
support tbifl hypothesis ; and he favours the assumption that the gold particle either 
unites with many particles of the protective colloid, or that a particle of the 
protective colloid unites with many particles of gold* R. Zsigmondy determined 
the quantify of colloid winch just fails to prevent 10 o.c, of a red gold hydrosol 
changing violet on the addition of 1 c.o. of a 10 per cent. soln. of sodium chloride. 
The numbers so obtained are called QoldxMzn, or the gold numbers, or gold figures 
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of the protective colloid. The following gold numbers are selected from R. Zsig¬ 
mondy's table: 

Oelatlnci. FjM-albcmliL Oum arable. Gum trag^ajitli, Potato btefeh. Sugar. 

O OOS-OOL O'lfi-0'26 0T-04 c t 2 0 a. 25 8 

R. A' + Gortner 20 has determined the gold numbers of protoalbic and lysalbic acids 
to be respectively 015-0 20, and OTG-O'iaD; and dor sodium oleate, 2-4. 
F. Kiispert found that gold and silver hydrosols are protected by silicic acid; 
W. Blitz, by zirconium hydroxide ; and R. Zsigmondy, by alumina, and stannic 
oxide. According to M* Beyer, colloidal silver protected by albuminous matters 

Table IX.—The Isfluisnoe of Concentration on run Pkecipitation of Babium 

SULTHATE. 


Cone, or the reagent* 
(normality N). 


Hue degrea of giipcr- 
BatuTAtlou Of HaHOj 
faruiu per 100 ox.). 


U OOOOB to 0 00014 0 to 0 0000 


P{3 

The ral&tSve 
au|K)r(wtumtkiit of 
(3-0002 
gnu. per 100 i\c.) 


0 t&3 


000014 to 0 0017 


0 0017 to D-7G 


0 75 to 3 


3 to 7 


OOUOGtoOUMW ! 3 to 48 


Q'OOOG to 4-38 48 to 21,000 


4‘38 to 17 HI 


Katuru of the pmcdpltato. 


I 


17 51 to 40 0 


No precipitate formed in a 
year, but theoretically a 
precipitate can bo ex¬ 
pected in a few years with 
a largo volume of eolutian. 
It is probable that for P}& 
= ovor a yonr is needed 
for the formation of a sue- 
pensoid ; for P {&=&&, a 
precipitate forms in a few 
seconds. 

A precipitate U formed in 
a few seconds when FfS 
| =48 j after this, pre- 

| cipitationis inatantaneoufi, 
1 and the precipitate eon- 
, mats of crystal skeletons 
and needles. The nearer 
the concentration an- 
■ preaches 0 0017, the 
; smaller the number of 
! crystal skeletons. 

21,900 to 87,500 j There is an immediate pre- 
j cipitation of an amorphous 
! firecipiUte which appears 
under the microscope to 
consist of spherical par¬ 
ticles. 

Clear jdly which changes in 
about 24 hours into a 
voluminous flocculcnt 


87,500 to 204,51)0 


is found in commerce under the name coUargol. It is employed in medicine as an 
antiseptic, but its power as a bactericide is rather feeble, E, Zung has studied the 
protective action of the albumoses; L. Lichtwitz, H. H. Salkowaky, E. RahlmaniJ, 
and H. Much, the protective action of urine albumin; A, Gutbier and co-worlrers, 
the protective action of cetraria islandica (Irish moss), and of saponin; H, Freundlich 
and E. Loning, albumen; and T, IrecUle, the protective action of soaps on colloidal 
gold. In purple of Cassius the gold is protected by stannic oxide; and finely 
divided chromic oxide forms a crimson lake with the stannic oxide. 

W, D* Bancroft identifies the so-called protective action of colloids with 
peptization. He supposes that the SchuiMioide is absorbed, and, by lowering the 
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aurfaco teuflion, tends to disintegrate the precipitate, or prevent it forming. 
Consequently, the protective action ;s hut a special case of peptization. Several 
examples have been previously discussed. For instance, the influence of sugar, 
gums, etc., in preventing the precipitation of, say hydrated ferric oxide from solo, 
of ferric salts by ammonia or potassium hydroxide; of gums in preventing the 
precipitation of mercuric and other sulphides; etc* 

M. von SmoluohoweVy, 0 . Klein, A. Wcstgren* etc., have discussed the 
mathematical theory of coagulation* The first named said: 

Perhaps the most simple view to adopt ii, that the particles attract one another by 
capillary force* when they are sufficiently dose together. Tho fact that no union take* 
place under normal ciioumataaccB, is to be attributed to the protective action of the 
electrical double layer, which can bo likened to a kind of elastic cushion. The addition of 
an electrolyte, causes a partial or a complete destruction of the double layer through the 
absorption of ions as pointed out by U. Fraundiich, so that at a certain cone, this protection 
ia no longer sufficient to prevent the ccliisum and adhesion ot the particles. There is etjtf 
a third factor to be oonuidered, which favours tho collision and liindors tho permanent 
union of the particles. This ix tho mol. agitation which reveals itaelf in tho Brownian 
movement ; but> as taught by tho statistic mechanics* this factor depends only on the 
temp,, and T consequently, cannot be mada answerable for tho coagulation which follows 
the addition of an electrolyte. 
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19. The Preparation ol Colloidal Solutiang 

In the preparation of colloidal eoln. a finely divided* peptized, disperacd^ of 
deflocculated phase ia hept from coalescing* cnagulating, or flocculating into 
aggregates. In his Outlines of Colloid Chentisiry, W. D. Bancroft 1 divides the 
available methods into two groups—condensation and dispersion—and he gives a 
long list of examples from which the following itro selected. In the condensation 
methods there is a strong adsorption of some agent by the colloid, or a protective 
colloid is used* or else the oonc, of the agglomerating agent is kept down by the use 
of suitable reagents or by dilution. 

In illustration of the preparation of colloidal soln* in the presence of a strongly 
adsorbed substance, alt the metals and many other substances can bo kept in 
colloidal soln, by sodium protalbinate or lysaibinato. 
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Other examples ore T* flvedbeig 1 * reduction of palladium salt soln, by hydrazine in 
the presence of gum arafaio ; J. Hausmsnn* sulphide solo. with gum arabic \ silver chloride 
or bromide or Prussian blue in the presence of gelatin; E, Gtimaux, ferric oxide with 
glycerol; T. Svcdberg* cadmium sulphide, and H, Hitthausen, copper oxide with casein ; 
T, Bvedberg, mercurous chloride by albumen ; 0. Schiaparelli, lead sulphide by saponin ; 
O* Gengou, alumina or barium sulphate with sodium citrate; T- Svcdbeig and E- Riftard, 
silver chromate, copper hydroxide, or ferric hydroxide by cane sugar or better invert 
sugar ♦ M. C. Lea, silver by ferrous citrate or tartrate ; C. Amberger, silver by wool-fat; 
A. Gutbior and E. Weingartner, gold and silver by starch ; Pi SchOttlander t mercury and 
bismuth by stannic oxide, and gold by ceria; T. Svedberg and & Oden, sulphur in acid 
soln, by sodium sulphate (not the potassium salt). 

Precipitates obtained by coagulation from colloidal eoln. owing to the use of 
an excess of the precipitating agent may reform colloidal soln. when the excess of 
the flocculating agent is removed by washing, eto. For example, when precipitated 
silver halide ia washed, the salt is apt to run through the filter when the excess of 
precipitant is removed ; zinc sulphide was found by J. Donau to form a colloidal 
soln. when the ammonium salt is washed out; and R. G. Berkeley and J. Hartley 
made a similar observation with respect to the washing of copper sulphate from 
precipitated copper ferrocyanlde. If the coagulating agent cannot be removed 
by washing, or if the agglomeration has gone too far, the precipitate is not dispersed. 
The phenomenon is frequently observed in the washing of precipitates in analysis, 
and sometimes the precipitate is washed with a flocculating medium in order to 
prevent deflocculation. The flocculating medium employed is volatilised in a 
subsequent operation— e>g. alumina gnd rare earth precipitates arc washed with a 
dil, sob, of ammonium nitrate ; stannic oxide is washed with tlil. nitric acid ; etc. 
Instead of washing out the precipitating agent, a peptizing agent may he added— 
e$. W. Skey found ammonia keeps day in suspension, similar remarks apply to 
dil. soln. of the caustic alkalies. 

T\ Graham noted caustia hydroxide peptizes silicic acid, 8. W. Young found hydrogen 
sulphide dutiorcculatvs the sulphides. A largo excess of the poptinizing agpftt may bo 
required, e,fl. W* Fischer and W, Herz* and C. F. Nagel found that with chromic oxide a 
Ifrge excess of potassium hydroxide is needed to produce a green colloidal agin, 
F. Fischer found hydrated copper oxido; A. Hantzsch, cobalt oxide, and beryllium 
oxide are peptized by alkali; w* X). Bancroft found zinc oxide is jiartially peptized by 
alkali; E, Grimaux reported that similar remarks apply to the presence of an excess of 
ammonia on a soln, of aoopper salt. The production of metal fogs in baths of fused metals, 
studied by R Lorenz, is a case of peptization, 

A* B. Northcote and A H- Church say that the presence of chromic oxide with the 
oxides of iron, cobalt, nickel, and manganese makes them soluble in caustic alkali; 
M. Prud’homme made a similar observation with respect to chromic oxide in the presence 
of a copper salt; C, LApdfc and L. Storch, stannic oxide enables Iron oxide to form a 
colloidal soln. with ammonia. F* K, M, Hitchcock* and L, Wflhler report malybdic acid 
' ia not precipitated by tiranyi salts but is precipitated in the presence of tungstic acid. 
A* 1 Muller found hydrochloric acid readily peptizes freshly precipitated oxides of alumina, 
iron, cobalt, thorium, and yttrium ; T, Graham found soln, of their chlorides act similarly 
upon the oxide, H. W- Fischer and B. SzilArd, also givo evidence showing that most oxides 
can be more or less peptized by soln.-of their chlorides or nitrates. E* A. Schneider reported 
that ferric oxide is peptized by aluminium chloride; W, B, Bentley and K, P* Hose, that 
precipitated alumina is peptized by 8 per cent, acetic acid ; and Frusaian blue is peptized 
by oxalic add or potassium oxalate. 

Hence, adds W, D. Bancroft, ** any substance will carry another into soln, when 
m sufficient cone, provided it ia adsorbed by the second, but there ia no direct 
experimental evidence of this,” 

Colloidal aoln, are formed in reactions involving reduction processes. 

T. Svedbarg reduced silver oxide suspended in water at 60° by hydrogen; and dil, t 
aols. of gold sans by carbon monoxide, sulphur dioxide, form aldehyde* etc*; A* Rwenfoeee, 
a sulphurio acid soln. of copper sulphate by alcohol; T, Svedberg and A, Liversidge, cold 
by aapetgiRue oiyzte; J* Donau, reduction in flames. The reduction may be affected by 
electrolysis—e.p. T, Svedberg electrolyzed dil. soln* of gold, silver, and mercury salts j 
J, BQlitzer, electrolyzed diL soln, of the less noble metals; M. Lecoq, a dil. sotn. of Hodium 
%rsenite ; and A, Samsonofl, a soln. of uranyl chloride* T* Svedberg, and F, Hartwagoer 
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reduced gold boIb by expoaure to light; A, Wig and, sulphur- J + Amann, sdn, of forro- 
aud farri-eyanidB ; and A. Galeckj, by the action of X-rays, 

Colloidal soln* may be produced by mctathetical reactions, 

H. Picton and S. E. Linder passed hydrogen sulphide through a soln. of aranniouB acid 
and obtained colloidal anemic sulphide ; T. Svedborg similarly acted on mercuric cyanide 
with hydrogen sulphide. Again, colloidal uoln. of silicic acid can be made from sodium 
silicate and hydrochloric acid ; stannic acid from nlannic chloride ; inctaatannic acid 
from sodium stannahe ; and tungstic acid from sodium tungstate. T. Svsdberg obtained 
colloidal sodium chloride from sodium molonic ester and chloraratic ester in liprtin ; 
A, Lottennoaer obtained colloidal silver halides by the action of ^N-ailver nitrate on 
^yV-aeln. of potassium chloride, bromide, or iodide. Similarly reactions involving oxida¬ 
tions may furnish colloidal bqIh. e.g. A. Hinmielbaur oxidised hydrogen sulphide in the 
presence of gelatine ; L. Wflhlet and W* Witr.marin, sodium iridichloride. L. Vanina and 
L, Roller, aurous chloride; and CL Brcdig and A. Merck treated jierinangaii&tcs by 
hydrogen peroxide. 

Colloidal soln. ate also produced by hydrolytic reactions, 

L. T ; Wright boiled aq. soln. of ferric cliiornle; and generally antn. of acetates, nitrntaa 
or chlorides can bo hydrolyzed to form colloidal oxides but not usually aulphatra, although 
the chromosulphuric acids, according to H, U* Denham, are colloidal. T, Svi'iibcrg hydro¬ 
lysed silicon sulphide, ferric ethylate, and copper succinamidn. 

U. Wugelin found that some metals can be mechanically ground so as to form 
a colloidal eoln., and the presence of a little gelatine is said to make disintegration 
easier. Quartz reduced to an impalpable powder by long grinding may form 
colloidal hydrated silica merely by boiling with water. 

G. Eredig’s and T. Svcdbcrg’s methods of forming colloidal soln. of the metals 
arc caeca of electrical disintegration by forming an electrical arc under water. 

C. J, Rood, G. Rredig and F, Habor, M. Lecoq, and F. Haber and M. Sack report that 
cathedra of load, tin, bismuth, antimony, arsenic, thallium, or mercury arc disintegrated 
in solan* of sodium hydroxide when the current density oxcccds a certain critical value. 
The soln, may bo coloured on black as ink by the fine particles of metal. A. Muller eimiLarly 
obtained colloidal molm of trlhinum ; and Y. Fischer obtained indications that colloidal 
copper may he formed by a high current density with n copper anode lu sulphuric and. 

The disintegration of all electrodes by Alternating currents of high density is 
attributed by F. Haber and lk G r van Naina to the transient formation of a hydride 
or metal alloy* 
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110* Colloidal Gold, Silver, and Copper 

Soln, of gold salts arc readily reduced to the metal by the mildest of reducing 
agents* The chemical inactivity of gold corresponds with the fact that it is pre¬ 
cipitated from its salts by most of the metals, the metal sulphides, ferrous salts, 
and numerous organic compounds—oxalic acid, cane sugar, chloral hydrate, etc. 
Gold is also precipitated by many oxidising agents, thus hydrogen peroxide pre¬ 
cipitates the metal from its salts, and oxygen is evolved at the same time. Many 
of the peroxides reduce gold from alkaline rain.— eg. manganese dioxide, peroxides 
of the alkaline earths, lead peroxide, ceric oxide, many of the manganiferoua minerals, 
and even manganese carbonate, in alkaline sob,, precipitate the metal. If a soln. 
containing GO! to 0 001 per cent, of gold chloride b made slightly alkaline by the 
addition of magnesia, and then a few drop* of a dil. soln. of formaldehyde as reducing 
agent he added, the liquid will probably acquire a red or purple colour. A ml 
solution of gold hydrosol is alra obtained by mixing 4 c.c* of a one per cent, soln, of 
gold chloride with 100 c.c. of water, and stirring this up with an equal volume of a 
two per cent. sob. of tannin; and a blue sofcfiuft is obtained by mixing the gold 
sob. with three times its volume of the tannin sob* The main fact has been known 
for a long time, and was mentioned by J. Juncker in 17.30, by P, J. Macquer in 
1789, and by J. B. Richter in 1802, 1 before M. Faraday took up the subject in 
1857* The liquid contains metallic gold in the form of minute particles which do 
not settle under the influence of gravity, but remain in suspension an indefinite 
time ; the soln. can be filtered through paper unchanged. The liquid is sometimes 
called Faraday’s gold because of his early work on the subject in 1357. The 
suspended gold is in the colloidal condition ; the clear liquid may or majf not appear 
opalescent by Tyndall's optical test; and the particles can be perceived by the 
rntrsmicroBcope, A, Connejo has surveyed the history of colloidal gold* 

The durum potabile— potable gold—of the alchemists was probably a hydrosol 
of gold,? This liquid was obtained by treating a sob. of gold in aqua regia with 
ether or ethereal oils. Fabulous medicinal virtues were attributed to this liquid ; 
it would cure ** an infinity of diseases." The power of this medicine was explained 
somewhat as follows: “ Gold receives its influence from the sun, which is, as it 
were, the heart of the world, and by communicating those influences to the heart, 
it serves to fortify and cleanse it from all impurities." Mrs. Fulhame, in An Essay 
on Combustion (London, 1794), described the production of red and purple colours 
on silk by dipping the fabric in sob. of gold salts, and subsequently precipitating 
the metal with hydrogen or a sob, of phosphorus in ether, and Mrs. Fulhame’a 
method was patented nearly a century later, 3 The early book also described the 
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production oi red eoln. of gold by reducing the chloride with phosphine, metallic 
tin, etc. 


R, Zsigmondy 1 ! method 1 for preparing a red sol ol colloidal gold.—25 c,<x of a boln. 
of hydroehloroauric acid, containing U gruia, of tho solid HAuCl t .3H s O per litre, ift dil. with 
100 to 150 clc. of distilled water (prepared by the rtMliatillation of distilled water, with say. 
a silver condenser), and made alkaline by adding 2 to 4 c.c. of a one-fifth normal soln. of 
potasaiinn carbonate. The fitdn H is heated to_ boiling, and 4 c c, of a soln, of one part of 
freshly digtillcd formaldehyde in 100 parte of water are gradually added to the boiling hot 
gold Ffoln. In a short lime, the liquid darkm*. and acquires a dork red colour which docs 
not Change on hailing, or on standing for some months. Variations from these proportions 
give differently coloured eoln. — purple, violet, or bluish-blark turbid solo, may bo obtained. 
The rod liquid can be evaporated to half it« volume without change, but further cone, 
causes the gold to precipitate as a black powder —powsibly owing to the accumulation of 
Balts in the sain, causing a precipitation of tho metal. If tho nolm be purified by dialysis 
at 4U' 1 to 50*, it can be cone, to one-twentioth of its volume that Ls, u.0'13 per cent, soln, 
—in a few days. Further cone, leads to the precipitation of metallic gold, 

A very great variety of other reducing agents have l>cen recommended, 
M. Faraday B used yellow phosphorus and also a K)ln. of phosphorus iu carbon 
disulphide; J, Reitsfcdtter, and others have empiovnl a soln. of phosphorus in 
ether, alcohol, or other menstrua. F. Doerinckel, and T. Svedberg and K. Inouy 1 
tasrd hydrogen peroxide; A, Guthicf, R, Zsigmondy, J, Reitstotter, r J\ Rvedberg, 
and 15, Fom-Escot, hydrazine hydrate (1 : 2000); A. Gutbier and F, Itesensclieck, 
phenylliydrazinc hydrochloride ; A. (luthier, \i. Zsigmondy, and J, ReifcfttiJtfcer, 
hydroxylaminc hydrochloride ; O, Brunch, nodium hyposulphite; M. G. Lea, 
sodium hypophosphito ; A. Stabler, and F, Baekran, titanous chloride : V. Winkler, 
E. Hatsehek and A, L, Simon, sulphur dioxide ; J, Donau, ami 15, flataehck and 
A. L, Simon, carbon monoxide ; J, Cl Blake, W. li. Whitney, and E. HaWhek and 
A. L. Simon, acetylene ; A. L. de Bruyn, V. KohWhutter* T, SvedlxTg, and 
W. Taylor, oxalic acid; L. Yunino, anhydro-methylenecitrie acid (*,r, ritarin); 
and K. K. Lmw, acetaldehyde, chloralhydrafce, arsenic hy<lride, terephthalyluidc- 
hyde, hcn/ahicln dc, and oinnarualdehydc. 

A. Gutbtox’s process for red, blue, and violet gold sols, -Dissolve a gram of gold chloride 
in 1000 o.c. of purified (fuddled water, an d exactly auutraliae tho noire with very dil.-way 
U AT-potaasium carbonate, Thin add a cold dib fw>1h. (L : 4000) of hydm/-inc hytimte— 
Hay J o.e r of a 50 per cent. &uhi. in 2000 c.c. of water- drop by drop. The reuniting sol is 
clear and stable, and is deep blue by reflected and transmitted Light: bul if too much 
reducer is added, the sol is not Hear and sedimrntahou occurs. The colour readily depends 
u]Min the nature of the sol, for, according to \V. \V. Tftylor, if tlm soln. in faintly acid the sol 
is bright bine ; iE almost neutral, violet or purple ; and a brilliant red if alkaline, Thus, 
100 c.c. Wfltoi', l c.c. of one per cent, gold xoln., I to 1£ c.c.ol O'18A'-potassium carbonate, 
and Mo 2 c.c. of hydrazine hydrate *oln. (1 : 4000), gives a bright hhio sol; if 2 c.c, of the 
potassium carbonate £oIn. are used, the gold sol is violet; and with 2 r G c.c. of the alkali 
carbonate and 3 c.c, ol tho hydrazine hydrate soln., tho gold sol is bright scarlet. These 
sols are all veuy stable and easily repiudnood. 

The following is a demonstration experiment: 

Dil. 5 c.c. of the 0T per cent, gold soln, with 30U c.c, of water, and run in from a burette, 
0'2 to O'C c.c. of a freshly prepared 0*4 pur cent. guln. of phonyUiydrazine hydrate. When 
the liquid is nlirred it becomes doop red. Now add more reducer drop by drop, when tho 
colour changes to violet; after adding tf c.e., t he colour is violet, blue, and a further quantity 
changes tho colour to blue* and, finally, when 12 c.c, have l>«on added, the colour is deep 
blue. 

The reduction of a soln. of silver oxide by hydrogen seems to take place mainly 
on the walls of the vessel without there being any question of tho solubility of the 
glass because the same results am obtained in the different glass vessels if an aq. 
sob- derived from ordinary ground glass is used instead of water in the different 
vessels. Walls of soft glass or quartz give yellowish-brown hydrosols ; Jena glass, 
red, reddish-brown, violet, or blue sols; and with platinum* no sol formation occurs, 
but crystalline silver is formed. Hence, tho surfacu of the vessel plays an important 
role in the form and size of the particles. 
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V. Kobbobuftort proem for MritokUl sflwr*— Hydrogen gas is bubbled through a oat. 
solru of «j]ver oxide contained in a round-bottom glcuui flask warmed between £0° and 0O e ; 
an excess of solid silver oxide is present in order to keep up the cone* A silver mirror is 
formed on the walls of the glass vessel simultaneously with the hydroaoL In 8 to 10 hra 
between half and one litre of intensely coloured sol is obtained. At temp, below BQ g 
reduction is too slow; above 80*, the sol is unstable. The sol contains a little nude- 
composed silver oxide. This can be removed by passing hydrogen through a tube with a 
platinum tip, into 80 c + o + of silver hydrosol contained in a blackened platinum basin 
protected from air by a bell-jar. In about 12 hrs. the silver-oxide is reduced to crystals 
of silver firmly adherent to the basin; at the same time the conductivity falls to between 
4 and 8 X 10’* reciprocal ohms—one-tenth its former value The purification of hydrogen 
Is useful because dialysis is liable to coagulate the sol. If carbon monoxide be used in 
place of hydrogen V, Kohlsdpitter found Iho resulting sol is not very stable. 

Various organic substance* * have been employed in the preparation of gold sols. 
Thus, according to L. Yanino, terpem*, alcohols, and carbohydrate* for |jold 
hydrosols; he also found that a little sodium anhydro-methylenocifcrate gives 
colloidal solutions of gold, silver, etc., when added to sola, of salts of the respective 
metals^-the gold sols are red. N. Castoro lifted acrolein, for colloidal gold, platinum, 
palladium, osmium, and ruthenium; and M. Muller used glycerol, C. Paal prepared 
hydrosols of selenium, copper, iridium, platinum, palladium, gold, silver, or silver 
oxide with protalbates or lysatiates as protective agents, and hydrazine, hydrogen, 
or sodium amalgam os reducing agent. F. Henrich used polyphenol* a* protective 
agents in proparing colloidal gold, platinum, silver, or mercury ; L. Garbowsky 
used phenolic adds for gold, silver, and platinum; M. C. Lea, iron citrate for silver 
sols; A. Gutbier and co-workers, Irish moss; and A, Lottermoser, stannous salts 
for mercury, bismuth, or copper sols. 

C, Faaft method for preparing solid colloidal gold and silver— A soItl containing 
8 parts of gold chloride are added to an aq. solo, of 10 parts of sodium lysalbata containing 
a groat excess of sodium hydroxide. The polo yellow aoln. is clear. It contains gold in the 
ordinary condition, and posaas unchanged through a dialyser + If the floln. bo treated with 
formaldehyde or other reducing agent, or gradually warmed with frequent stirring until a 
drop no longer reacts with hydrazine hydrate, the product is ruby rod, and contains colloidal 
gold, A dark violet rodimeut may appear \ tine supernatant liquid can bo washed by 
dialysis, and evaporated on a water-bath so as to furnish a lustrous dark brown powder 
resembling iron pyrites, and it contains about 00 per cent, of colloidal gold. The mass 
passes into the sol condition when treated with water or dil. alkaline lye. Sodium pro- 
talbate can be used instead of the lysalbatc. Colloidal silver was prepared in a similar 
manner, and the sol is more stable than the commercial cMlaryol, the soln. of which can 
be neither evajKtfated nor froz.cn without reversion to ordinary silver. 


The early workers on electrical discharge* noticed that metal* were dispersed 
as an extremely fine dust from the cathode during an electrical discharge. M. van 
Marum, 7 for instance, mentioned the fact in 1787, and in 1357, M. Faraday obtained 
deposits ranging from a dork violet to a ruby-red colour by sparking gold terminals, 
and it is well known that when electrodes are used in vacuum tubes, the particles 
of gold which are shot from the cathode and deposited on the glass, form a film 
shading from rod to purple according to its thickness, H. Davy abo confirmed 
J. W. Ritter's observation (1808). 

When tellurium is made the negative surface in water, the voltaic power being from a 
battery composed of a number of plates exceeding 300, a purple fluid is ecuu to separate 
from it, and diffuse itself through the water; the water gradually becomes opaque^and 
turbid, and at lost deposits a brown powder. 

H. Davy supposed the purple fluid to be ^ a soln, of a compound of tellurium and 
hydrogen in water,” and the brown powder to be a solid tellurium hydride. While 
thus early the metal sols formed by cathodic reduction were assumed to be metal 
hydrides, R. L. Ruhland, in 181G, and J. C, Poggondort, in 1848, considered them to 
be metals in a very fine state of subdivision.® E, Muller and R, Lucas, however, 
showed that the purple liquid is a sol of tellurium; and G, Bredig 0 has employed 
the same fact in preparing sols of many of the metals—gold, silver, platinum, etc. 
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He made a direct current arc between the desired mefcab under water, and ns in the 
case of tellurium, a hydrosd of the desired metal was formed, 

a, Bredig*a method of preparing colloidal metals ty dsofrlool dfeperiibn.-—Two^ires 
of the metal, one millimetre thick and G to 8 cm long, are dipi>cd into water. FoJjcoxj' 
venianco in handling the wires, they are protected by narrow glass tubes. An electrical 
current of 6 to 10 amperes and 30 to 40 volts i& passed through the wires, and the tips of 
the wires are separated 1 or 2 mm, eo as to form a tiny electric are about 1 or 2 cms. below 
the surface of the water, The are is not easy to form at 
first hut later on there is no difficulty in maintaining the 
are for several seconds at a time. The arrangement 
will be evident from Fig, 12. While the are is being 
maintained, dark clouds stream from the arc, and diftim* 
into the liquid. After a time, the liquid phases through 
various shades of colour, and finally in the case of 
platinum it assumes a brownish-black colour: with 
gold wires, the liquid appears reddish-purple ; and with 
silver wires, yellowish-green. The liquid can be filtered 
to remove the larger jjartideB, and the filtrate has all tho 
properties of a colloidal solo, j or hydrosol of tho given 
inetaL During the experiment, very fine particles of 
the cathode metal appear to be tom from the wire and 
dispersed in the liquid. A trace of alkali in the water 
causes the formation of liner particles*, presumably owing 12, <1. tlrcdig's Method til 

to a stabilising action of the hydroxyl ions. Colloidal making Metal Sols by the 
soln. of platinum, iridium, palladium, gold, silver, and Direct Current Arc, 
cadmium aro obtained in this way, 

G, Bredig’s method does not give satisfactory results with organic liquids because 
too much liquid is decomposed. T. Svedberg found empirically that if the current 
density be made as small as possible this decomposition could be considerably 
reduced, and he therefore passed a current of high voltage (say 110 volts) and very- 
low amperage between the electrodes placed between sheets of tho required metal 
suspended in parallel or in series in the required medium. He obtained the best 
results with a large capacity, small self-induction, low resistance, and short arc. 
T. Svedberg also used oscillatory discharges in place of Bredig’s direct current arc. 
The decomposition of tho medium is not then so troublesome {then organic liquids 
are substituted for water. 



In one form of T. Hvodborg'a apparatus, tho secondary terminals of a largo induction 
coll (12-16 cm. sparks] were connected in parallel with aglastj condenser 225 sq. cms. surface 
and the electrodes. The latter dipped in a porcelain basin of 
tho required liquid, and small grains aud fragments of the 

metal under investigation were apread on the bottom of the fanflgj -ij— \ 

basin. The arrangement will be clear from Fig. 13. There is iCwtoJSJr 
a vigorous sparking between tho metal particles, and tlio ml \ \ 

required organosol is formed in a few minutes, M&at of the \ i 

metals—sumo 4S m fact—have boon converted into colloidal r 

Hoin. JLiquid mothanu, ether, and fsobutyl alcohol nt a low * / A / 

temp. were especially satlufaclory media for tho metals nf tlio / , 

fdkalias and alkaline earths. Tho order of dispersion of some T 

of tho metals under similar conditions was found to bo iron, 0 

copper, silver, aluminium, calcium, platinum, gold, tfinc, tin, J?Tu, 13.—T. Svedberg^s 
cadmium, antimony, thallium, bismuth, and lead, whore the Method ol making Col* 
first member in the list was least rapidly dispersed, aud the ioidal Metals by the 

last member most rapidly* There is no perceptible relation Oscillatory Discharge, 

lxotween the order of the boiling points or tho order of dis¬ 
integration by cathode or canal ray a and the dispersion in the organic liquid by T. flved- 
berg’fl proem®. 


V. Kohlachiittcr *Uo prepared colloidal metals by what he calls discharge 
electrolysis in which water ia electrolyzed with either direct or alternating current 
combined with a condenser circuit. 

The properties ol gold hydrosols.— Tho particles of gold in suspension are 
assumed to be negatively charged because they migrate to the anode during 
electrolysis, and the liquid about the cathode becomes colourless while the liquid 
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about the anode becomes darker and darker in colour, and finally almost block, 
A black film of gold deposite on the anode. If the two electrodes are separated hp 
a mambrancj the gold, like a true colloid, does not pass through the partition, but is 
deposited on the negative side. The behaviour oi gold sols under the influence of 
a foil of potential has been studied by A, von Galecky, 10 J. Billitzer, J, C. Blake, 
and T. Svedberg, The adsorption of gold sol by dissolved dyestuffs depends less 
on tlie surface than on the number arid size of particles, on the grain-aize of the 
gold. The subject has been studied by R. Zsigmondy, W. Biltz, and L. Vanino. 
The gold can be removed from the colloidal sol by shaking it with precipitated 
aluminium hydroxide, stannic hydroxide, barium sulphate, animal charcoal, etc. 
The phenomenon resembles the decoloration of coloured soln. by shaking them 
with recently ignited charcoal. The gold is adsorbed by the precipitating agent. 
According to R. Zsigmondy (18118), a well-dialyzed and couc. gold hydrosol suffers 
no perceptible change after two or three days’ shaking with mercury; and after a 
few weeks' shaking, there is often a slight change in the shade of the soln., and an 
increased turbidity. Probably the mercury dissolves a little, forming an electrolyte 
which partially coagulates the hydrosol; if mercury be boiled with tbe gold sol, 
the soln. is decolorized very slightly, and the precipitated powder amalgamates very 
slowly with the mercury. The addition of electrolytes—acids, salts, and bases— 
changes the red colour to blue, then violet, and then almost black. This is due to 
the coagulation of the suspensoidal gold into clots. The dotted gold settles to the 
bottom of the liquid in 8 or 9 hours as a bluish-black powder. With potassium 
ferrocyanids the colour changes to green, and in 24 hours the sol becomes yellow, 
but no gold is precipitated. Ammonia has no appreciable action; alcohol in 
excess changes the colour to a dark violet and then precipitates the gold completely, 
but the precipitate still retains Its property of re-forming a sol when treated with 
water. H. K. Kruyt ami co-workers, and others have studied the coagulation oi 
gold sols. E. Hatschek measured the velocity of coagulation of gold sols. The 
gold is precipitated by freezing and thawing the liquid, and also by shaking in a 
centrifuge at 4000 revolutions per minute. The smaller the particles of colloidal 
gold, the more they incline to red, and the larger the particles, the more they 
incline to purple. When a few drops of a very dih soln. of sodium hypo¬ 
sulphite, 11 Na^gOj, are added to hydrcsols of gold of different cone., 0, Brunck 
obtained the results shown in the first three columns of Table X, To these is 


Table X,—The Eieeut or Tiiii GiiAm-siZtt or Gold on its Colouei. 


Code, of gold tu|. 

! Colour uf liiLUiil, 

Opacity. 

J : 1*000 

„ Ueeo purple-red 

Opaque in thin lay era 

J ; 10,000 

Furple-rod 

Opaque in 14 cm, layers 

1 ; 100,000 

Rose-red 

Pojiceplible in 1 cm. layer 

1 : 200,000 

Very pule rose 

14 cm. layer* rase colour 

J : 500,000 

Scarcely perceptible 

14 cm. layers perceptible 

1:1,000,000 

1 

Colourioa 

Colourless* 


Aveimsa eUe oi 
grain. 




added R. Zsigmondy’s estimate of the size of the particles of suspended gold in sols of 
different colours, J. N. Mukheijee and B, C. Papaconstontinou 12 studied the 
effect of temp, on the coagulation of gold liydro&ols by electrolytes. C. Bergholm 
and Y, Bjbrnstohl found sols of vanadium pentoxide, gold, or silver are doubly 
refracting under the influence of an alternating electrical field. This is taken to 
imply that the particles of the sol ore not spherical and do not possess spherical 
symmetry. 

The colour of gold sols in transmitted light may he red, violet, or blue and 
occasionally yellowish-brown; the submicrons of rca sob* are green; of the blue 
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solm, yellow or reddish-brown ; ami vfolet soln, contain submierons of both colours. 
Awarding to Eh Zsigmondy, the bin® obtained by the reduction of gold chloride 
sain, may be attributed to three causes : 

FiriL Iho reduction may be incumpLuto &nd colloidal gold oxide be formed instead of 
fjcldr Further reduction, jjerh&pH at higher temp., might cause the blue to change to 
rud. Tins condition has not beun taken cognisance of up to the present time. Secondly, 
the reduction may be complete and the blue colour bo attributed to the flocculeat union of 
pnrtiotefl already spoken of / or perhaps to the inygular growth, eo that, instead of fiakea 
of needles, huak-ehaped bodies ata called into heing. These of course may be aubiniorn- 
saopift. Finally, the Liquid may contain large m&snivo geld particle* that, according to the 
theory of G. Mie, would account for tha blue colour. 


An a rule, the layer particles are yellow or brown, and the smaller particles are green, 
but both green and brown particles may have all possible dimensions from a micronic 
dimension to over 120/ift. K. F'urth studied the colour and Brownian movement 
of colloidal gold; and B* Arakat.su and M. Fukuda, the limiting sige of particles 
for the Brownian movement; H, FroundJich and A. Nathansohn attributed the 
various colours to the formation of complexes, and W, Pauli has adopted a 
similar view. 


Ab.wrpiy/! 


\ &03r— 

IJ-4 


F. Elircnhaft explained the colour of gold sols by the optical resonance of the 
particles; M. Garnett calculated the abwjrptirm sjujctra of gold hydrosols and 
ruby glass, ami the theory has 

been extended by G, Mie, and J ^7 ^ 

the polari nation, absorption - - 4 - J / ', - - - - - 

spectrum, and the dispersion 'S \ _ \ 

of lightall arc in agreement. ^ 

W. Stouhing found that the t 5 p,<w -j. :jr~ v[ V 

dispersion of light is only a | ^ Atwytiw! if Wl\ 1 _ 

fraction of the absorption, and jj Jr) \\ \ 

the former is smaller as the —- -mXX ■- - - — - 

size of the particles decreases, \ _. L vlV__ 

as shown in Fig. 14, per c.c. 

for a 0 0025 per cent, red gold ^ aw —■ ]■ ■ - - i - . \ST 

sol with particles of different ^ ^ _ 1 

sizes. The absorption for J A L __ 

liquids with submierons of s& ” sm sec sse roe 

20p/i and ilfyi/x, is neatly the r Fio. 14,-— 1 The Absorption and Radiation of Light, 
same, but there is a marked 

difference in the intensity of the radiation. The radiation is small for particles of 
20 /a/i, and immeasurably small for particles 2 to 4ju/i. Light reflected from the side 
is polarized by the submierons, and this the more the smaller the particles. The 
polarization is linear, not elliptical or circular. According to 0, Mie’s theory, 
particles of gold of diameter 4Gju/i arc green ; the thiwiy is based on the assumption 
that the particle is spherical and a compact mass of metallic gold. The divergence 
from the theory probably means that there conditions are not fulfilled. When the 
amah particles are brown this may mean that the shape is not spherical, that the 
entire space occupied by the subndcron is not filled with metallic gold, or that an 
allotropio modification of gold is in question. The last assumption is unnecessary, 
and loads to contradictions* The assumed sphericity of the particles is made solely 
for convenience in the calculations, and is probably wrong because of the independence 
of the colour on the diameter. The submierons arc not isodimensional in their 
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Fio. 14,—The Absorption and Radiation of Light. 


contour, and T. Svedbeig believes that the dichroistn of gold gelatine films show that 
the distance between the particles in the two directions is diflnrent, and it is assumed 
the particles are long and flat, or leaf-shaped. H. Siodentopf believes that the 
colours of the submierons is determined by their shape, since the colour of gold and 
silver submierons changed from green to brown when pressed between the cover 
glass and the platform of the microscope. The observations of H* Ambronn and 
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H. Zsigmondy shoved that if the metal flakes am similarly oriented by spreading 
out the gelatine to form gold or silver gelatine films, the colour will be blue if the 
vibrations of the transmitted light a™ parallel to the direction of the distention of 
the gelatine ; and red if the vibrations are at right angles to the distention. Hence 
G. Mie's theory must be adapted to include ellipsoidal particles. 

The optical theory of metal colloids has not yet been completed, for it docs not 
explain the colour change during coagulation. F. Kirchner supposes the particles 
act as resonators which, on coming into dose contact with one another, displace 
the absorption maximum. G. Mic has raised objections to this hypothesis. The 
fact is that red gold sol changes to blue during coagulation, so that if a red colloidal 
gold sol with a very small amount of gelatine be evaporated, the dried residue is blue, 
and it becomes red when moistened. There is probably a flocculation of the partides 
dliring coagulation, but there is no relation between the size and colour because it 
occurs regardless of whether a micron or submicron unite. H. Siedentopf attributes 
the change to a change in the form of the particles rather than on their distance 
apart. The reversible change of colour indicates that an orientation of the partides 
parallel to the surface is more likely to occur than a change of form; and the 
distance apart of the partides also plays a part. The small amount of oxygen 
found on analyzing the gold precipitated by the addition of sodium chloride is not 
derived from aurous oxide, but is rather due to the condensation of air when the 
finely divided precipitate is dried—an eq. amount of nitrogen is simultaneously 
obtained. 

The evidence that the gold is in the colloidal but elementary state is derived 
from: (i) The analysis; (ii) gold with a metallic lustre is deposited on slow 
evaporation, and there is no evidence of the decomposition of a compound ; (iii) the 
red sol can be formed in a boiling hot soln, with a strong reducing agent where the 
probability is that aurous oxide would be decomposed ; (iv) the colour of the gold 
sol resembles the colour of thin layers of gold viewed by transmitted light, and also 
that of ruby glass coloured with gold. The absorption spectra of the red gold so!, 
red film of metallic gold, and ruby glass; and of the blue and violet sols with blue 
and violet films of metallic gold, are almost identical. 

Colloidal sjtror.-—F. Wohler 15 reduced silver citrate in a current of hydrogen 
at 100°, and obtained a product which gave a deep claret-red coloured liquid when 
treated with water. F, Wohler assumed that ho had prepared a subcitrate of 
silver, but W. Muthmann (1887) showed that the red liquid contains elementary 
silver, which is precipitated as black metallic silver when the liquid is treated with 
sodium sulphate, potassium nitrate, and other salts. H. Vogel also prepared amber- 
coloured soln. of silver in water by chemical processes. If F. Wohler’s subcitrate 
be treated with very dil. aq. ammonia, the liquid is green, hut otherwise it behaves 
like the red soln, Both soln. are decolorized by charcoal, and if mixed with gum, 
and treated with alcohol, the colouring agent is precipitated with the gum. After 
freezing and thawing an opaque black liquid is obtained. The coloured liquid 
remains on the dialy&er, and ammonia and silver salts pass through the dialyzer. 
Colloidal silver can be obtained in an analogous manner to colloidal gold. For 
example, add ammonia to fi c.c. of a one per cent, soln, of silver nitrate until the 
precipitate just disappears, and then add 100 c.c, of water. Mix this soln, with an 
equal volume of a 2 per cent. aq. soln. of tannin. The resulting hydrosol of silver 
forms a dear liquid—brown by transmitted lighl^ and greenish-blue by reflected 
light. M. C. Lea 14 made an important contribution to the subject 1889^1891. It 
seemed remarkable that a metal so obviously insoluble in water should be produced 
in such a form that it could he dissolved in that menstruum, and hence M. 0. Lea 
believed that the silver is in an allotropic form, and even toslay, M. C. Lea’s hypothesis 
cannot be proved wrong. Indued, on W. Oatwald’s hypothesis that in the formation 
of a substance the unstable allotropic form appears first, it might he well argued ’ 
that M, 0. Lea’s products are colloidal metals even though he never got them more 
than 97-98 per cent, purity. The assumption of allotropy, as C. Baras and 
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E. A* Schneider (1891) showed, is unnecessary and not so probable au the hypot hec 
that the metal is in a very fine state of subdivision. The reversibility' of the silver 
sol and ^el is explained by the formation of a protective colloid in M. C. Lea’s 
process simultaneously with the production of the colloidal metal. 

M. C. Lea's method or prffparlng ooltoldal silver. —Mix 20U c.c. of a 10 per cent, spin, 
of silver nitrate with & mixture of 200 O.c. of a 20 per cunt. soln, of ferrous sulphate, 200 e,<\ 
of a 40 per c«nt. solu. of sodmtn citrate and 60 e, v . of n J 0 per cen t. solo. of sodium hyd rox i do r 
The reeiiltiiip precipitate is a fine lilac colour j when fiJtomJ, it turn» blue and does not 
become insoluble. It eon be washed with ammonium nitrate, and it immediately form* ti 
blood-red solution with highly purified water. It is precipitated by adding 5 to 10 jrer cent, 
of the 8omo ammonium salt. It is purified by repeated ro-ftalution, and re-precipitation, 
and finally wnuhad with 96 per cent, alcohol. The precipitate contains about 97 J 2 per cent, 
of silver, and the remainder in iron oxide and citric acid. In another process, 40 grins, of 
sodium hydroxide and the same amount oi ordinary brown dextrine are di^HoIved in 2 litres 
of water, and a eoln. of 28 gnus, nf pjlver nitrate in a little water is gradually added. The 
resulting liquid is clear anti black, although it contains Josh than one per cent, of silver. On 
dilution, thesoln. becomes red, and with further dilution it Utminnydlow solution, An insoluble 
gotdtn-ydlQW vnrivty ia made by adding a freshly prepared mixture of 107 c.o. of a 30 per cent, 
noln. of ferrous sulphate, 200 e.c. of & 20 per cent, soln. of KoehcUe salt* and 800 c.o. of 
distilled water, with constant stirring to a mixture of 200 c,c, of a 10 jior cent, soln. of 
Hilver nitrate ; 200 c.o, of a 20 per cent. soln. of liochelln salt; and 800 e.e. of water. The 
rod glittering prndpilaUs soon bcecuies block, but looks like bronre on the filter paper. 
Tt is wasiud and then dried on a wnlcli glans. The product has the colour of gold. If 
dried on gift- 1 ;* it forms a beautiful gold niirmr f if dried on glazed paj>er it looks iikn gold 
leaf. If washed too long it acquires the appearance of bronze. Thr product Contains 
09 per cent, silver. 

J. A, Prange repeated M. C. Lea's experiments, and found that good silver 
hydrosols do not show the Tyndall effect, and K, Stock! and L t Vanino therefore 
argued that the polarization of light by the silver sol ia circular, but ft. Zsigmondy 
showed that the polarization ia always linear, never circular or elliptical S. Oden 
showed that, like wme gold hydrosola, silver hydroma can be obtained optically 
homogeneous in Tyndall’s beam. E. A. Schneider repeated M. C\ Lea’s experiments 
and used ah^ohol for the precipitation of the colloid, and he prepared the aloosol and 
glyceroscl The alcosols gave wine-red and green sols. Some non-electrolytes, 
like isopropyl alcohol, primary and secondary butyl alcohol, fcriniethyl alcohol, 
heptyl alcohol, octane, and formaldehyde precipitated the alcowl at once ; but no 
coagulation occurred with propyl or isohutyl alcohols, a soln. of cetyl alcohol in 
alcohol, or glycerol. 

The properties Of silver sols. —The colloidal soln. of silver resemble in many 
uf their properties the corresponding colloidal sob], of gold. The silver hydrosola 
prepared by precipitation with alkali sulphates, nitrates, and citrates are soluble, 
while the precipitates with iron, nickel, or manganese sulphate, and with barium 
or silver nitrate, are insoluble. Tim insoluble form can sometimes be peptized 
with borax or ammonium sulphate. The sola are decolorized by acids, bason, 
and salts, and, according to J. A. Fmngc, by indifferent bodies like quartz and 
graphite. Dialysis does not interfere with the colour, but a trace of a silver salt 
may pass through the membrane. Silver sols absorb light to a marked degree, 
and they become turbid on exposure---particularly to sunlight. Foiling and 
freezing and thawing decolorize the sob. Alcohol or ether precipitate* the metal, 
but the precipitate again forms a sol with water, and hence the product was 
thought to be an allotropio water soluble form of silver before the colloidal nature 
of the product was established. Besides reducing silver nitratu with dextrine, 
and with a mixture of ferrous sulphate and sodium citrate, M, C. Lea also used a 
mixture of ferrous sulphate and Eochelle salt (t.e. sodium potassium tartrate). 
Golden-yellow colloidal silver is insoluble in water; it gives beautiful interference 
colours with oxidizing agents, alkali sulphates* and dil. potassium fcrricyanide. 
Press. changes it to normal silver with the characteristic silver colour. Prolonged 
exposure to light* electricity, or shaking produces a similar result to press.—a sample 
tightly packed with cotton wool travelled 2000 miles without change, but a sample 
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loosely packed turned to white silver en route. These properties, and H* Ambronn's 
observations on the spontaneous crystallization of silver sols, are in favour of allo¬ 
tropy, The impure form is sometimes black, which becomes lighter coloured on 
wanning. The unpurificd red sol furnished a crystalline precipitate—short black 
needles and thin prisms after standing some weeks. Water changed the crystals 
without peptization, and on drying a green mass remained, W, R. Blake con¬ 
sidered. that M, C, Lea’s experiment* proved tho existence of at least three* and 
possibly four* allotropic forms of silver—white, blue, ltd* and possibly yellow- 
hut F. E. Gallagher 1S showed that all the colours—blue* red* green, purple* gold* 
brown, black—can be easily prepared from one set of reagents by simply varying 
the conditions, and the thickness of the soln. By dipping a glass plate in the dark 
reddish-brown liquid obtained by Lea's dextrine process (without precipitating or 
washing the product}, allowing the film to dry* and dipping again so as to get a 
scries of films* one superposed on the other* the result showed that with 

Number of films 12a 4 S . fl 7 

Colour . * Blue Blue Green Yellow and red YpIIowiflh-brown and red Red Red 

The colours can be reversed by washing away the films showing that tho change 
from blue to green* yellow, and red is not due to the further coagulation of the 
silver, F* E, Gallagher* therefore, concludes that the different colours of colloidal 
silver are due to variations in the thickness of the films under observation, or to a 
difference in the size of the susjiended particles. Tho effect of light on the aoln. 
is either to coagulate the suspensoid and thus increase the size of the particles, or 
else it affects the cone, of the particles in the sol by reducing to colloidal silver any 
silver nitrate which remains. R. Fiirth studied the colour and Brownian movement 
of silver sole ; and B* Arakatsu and M. Fukuda the limiting size of particles for the 
Brownian movement. N. I. Morosoff measured the viscosity of silver sols; and 
P, P. von Weimam and co-workers* the reversible solubility of colloidal silver. 

Colloidal copper— A. Gutbier, and J. Meyer found brown hydrosols of copper 
are obtained when dil. sofn. of copper sulphate or ammouiacal copper sulphate 
are reduced by hydrazine hydrate, hypophosphorcus arid, or sodium hydrosul¬ 
phite, 1 ® A, ixjttermoser found that when a soln, of copper chloride in sodium 
citrate or tartrate is wanned with an alkaline soln. of stannous chloride, a white 
turbidity followed by a yellow, red, and black coloration is obtained ; a precipitate 
may also be formed and a hydrosol of copper remains in the liquid which appears 
blue in transmitted light ana red by reflected light, F, Fischer obtained metallic 
copper in a soln* with a high current density and a copper anode in sulphuric acid 
—cuprous sulphate is formed, which breaks down to metallic copper and cupric 
sulphate—colloidal copper has not been so obtained, but W. D, Bancroft says 
that this probably could be done with a suitable protecting colloid. The disintegra¬ 
tion of all electrodes by an alternating current with a high current density is attri¬ 
buted by F. Haber, and R, G, van Name to the temporary formation and subsequent 
breaking down of .a hydrogen or metallic alloy. J, Billitzer prepared colloidal soln. 
of the less noble metals by the electrolysis of some of their salts, but F, Haber 
suggests the dispersed phase is probably the oxide, not the metal. Colloidal copper 
has also been obtained by forming an electric arc under water, using an iron wire 
dipped in copper sulphate as cathode. C. Paal and TV. Leuze prepared a deep 
bluish'Vioiet hydrosol of copper hydroxide by adding an alkali hydroxide to a 
suspension of copper protalbate or lysalbate, and if a cone. soln. be treated with 
hydrazine, an unstable blue hydrosol of copper is formed in cold soln., and in warm 
aoln., containing not more than 36 per cent* of copper and a small amount of, 
ammonia, a stable liquid hydrosol of copper is formed which appears red by trans¬ 
mitted light and black by reflected light. On evaporation of the liquid a solid red 
hydrosol is formed, which is stable in the absence of air, but rapidly acquires green, 
orange, and blue colorations when exposed to air* The red hydrosol is similar 
in tint to ruby glass obtained with copper as the tinctorial agent, A blue hydrogel 
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is formed by adding an electrolyte to the red bydrosol. Red colloidal copper is 
formed by reducing colloidal ooj per oxide in tho presence of sodium protalbatc or 
lysalbate by hydrogen at 300 Q . For example: 

Mix 20 grins, of powdered eft? album™ and SO c.c. of a 15 per cent, eoln, of sodium 
hydroxide in water and djl. to 1 litre. Heat to boiling and filter. Uoil again and add a 
1 per rent. boZtl of copper aulphate, drop by drop. The liquid turns red, then violet, t hen 
red-brown, and a precipitate settles, It in best to atop adding copper sulphate just before 
this precipitate forms. Dialyse the red-brown sol and filter. This sol of copper albuminate 
is almost neutral. Evaporate to dryness on the water-bath and dry further in a vacuum 
desiccator over sulphuric acid. Red-brown scales are left. They dissolve sparingly in 
water. Gold albuminate is made in similar manner. 

The coloured varieties of colloidal copper ate: brown (J, Bilfitzer); reddish- 
brown (A. Lottermoaer); blue (A. Gutbierl; olive-green (F. Ehienliaft); green 
(C. l*aal and W. Leuze); and C, Baal and H, Steyer describes two varieties of a 
ruby-red variety. B. Arakatsu and M. Fukuda studied the limiting sizes of 
particles of colloidal copper for the Brownian movement. 
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$ 11* Purple of Gassing, and Ruhr Glass 

I believe the putpla nf Gasaius to bo esamtinlly finely divided gold associated with more 
or leas oxide of tin.— Jf. Faraday (3857). 

If a boK of staonouft chloride be added to a vorv dil, aoln. of ^old chloride, 
hydrated stannic cuidc is precipitated* and the gold la reduced, colouring the pre¬ 
cipitate varioua shades of brown, purple, blue, green, yellow, or red. The precipitate 
ie called purple of Cassius, and the tint depends upon the cone, and composition 
of the soln.—e.fl. the proportion of flt&nnous and stannic chloride and on the rapidity 
of admixture. The production of the colour is an extremely delicate teat for gold. 
In making the test, 1 the aoln, of gold chloride is heated to boiling* and poured into 
a beaker containing 5 to 10 c c. of a sat, soln. of atannous chloride* and the mixture 
agitated to secure perfect admixture. A precipitate is at once produced which 
settles quickly. Tt will be purplish-rod or blackish-purple if but one part of gold 
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is present in 5,000,000 parts of water, and T. K* Rose has shown that the presence 
of one part of gold in 100,000,000 parts of water—that is, one grain of gold in 6 tons 
of water—can be detected by this means. The purple has long been used as a 
colouring agent for enamels, glasses, etc. The methods for making the finest and 
richest gold-red tints for porcelain and glass decoration arc supposed to be trade 
secrets, although there is no difficulty in making colours to satisfy the less severe 
standards. One part of '^ohl will tint about 100,000 parts of glass a rose-rod 
odour ; and about half this amount of glass, a ruby-red. 

The manuscript Na 3661 in the Sloane collection of the British Muslim purports 
to have been copied by John Klyot in 1572 “ out of an old copye by William Bely ngslie 
which seemeth to be aljove 2U0 yera old ; ” it contains a recipe for colouring glass 
garnet by means of gold oxide, and for colouring glass ruby by means of copper 
oxide. The deep carmine-red glass called GftUien glass was also coloured by copper 
as described by Eraclius in his De artibus ramanorviti, written in the tenth century. 
The term Oaliicn applied to red glass may have been derived from xuAri?, beauty, 
or from the Roman Galienus under whose reign the arab^quo and other architectural 
ornaments were introduced into Rome. 

Towards the end of the sixteenth century, A. Libtivius, in his Aftihemia (Franc- 
furti, 1585), referred to the production of a hyacinth-red glass by using a mixture 
wvtraquf} Martin etterrea Solis ; a little later, A. Ncri, in his L’aftc wtmria (Firenze, 
1612), mentioned, the coloration of glass by mixing the ingredients with the 
residue obtained by the evaporation of a aobu nf gold in aqua regia ; J. R. Glauber, 
in his flu mix imvis pkUosophicin (AitiatelndaiiLi, 1648)/described how he prepared a 
ruby-red precipitate by treating a soln. of gold chloride with water-glass; and in 
his ih pros pmt ate grmmritc (IfifjUJ, ho mentioned the precipitation of a purple 
powder by the action of tin in a soln. of gold in aqua regia. In 1668, 0. Taehen 
stated, in a tract called Jh Hww'&oram principc t that a purple colour is produced 
when glass is melted with fulminating gold \ and, in 1634, R. Boyle noticed that 
the hot turn of a glass flask in which gold amalgam had been heated was stained 
ruby-red* The alchemists of this period speak of “the purple gold-soul,” f Hhc 
purple mantel of the king, 11 & etc*, without indicating their mode of preparation. 
About J6W4, A. Cassius wrote a pamphlet entitled Eh Auto (Leiden, 1685), describing, 
for the first time, though somewhat incompletely, the preparation of the gold-tin 
purple colour, by mixing the chlorides of tin and gold. About the same time, 
J. 0. Orschall, in his Solis&me vente (Augsburg, 1684) t mentioned the use of Cassius’ 
pm[ile for colouring artificial stones and glass. In 1716, J. Kunckel 4 referred to 
the prawipilatio Solis mm Jovc t pnspared by Cassius, and stated that artificial 
rubies could be made by colouring crystal glass with gold precipitated from its soln. 
iu aqua regia. He claimed to be able to make a colour no selton das es schdner nicht 
win btmn. About this time, the precipitate obtained by Cassius’ process came to 
be called purpura ■minemlis tWii; and finally, pur pit 1 of Cassias. 

J. Kunckel stated that when attempts were made to colour glass by means of 
Cassius’ purple, the product was often quite colourless, but when warmed in the 
blowpipe flame, the finest ruby-red tint was developed. There are, indeed, two 
types of ruby glass : the tint of the one is develojx'd directly during fusion, and the 
tint of the other is developed when the glass is annealed below its fusion point* 
If the tint of the latter type be developed during the first fusion, it appears liver- 
coloured, and altogether lacks the fiery brilliance of the tint developed by the 
annealing process. The last-named phenomenon is very curious, and it can be 
illustrated by the following experiment: 

A gifts** ia made by tuning together an intimate mixture of quartz, 48 ; red load, SO ; 
intro, 10; potassium carbonate, 10; crystallized borax* 30, for some hour*. The product 
ia ground, thoroughly mixed with stannic oxide, and antimony oxide, and moistened 
with a soln* of gold chloride containing the eq* of U 0160 part of gold* The mass is dried, 
and fused so that when quickly cooled, tlie product lias a polo yellow colour which turns 
ruby-red when warmed over the Bunsen flame. 
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It is supposed that the clear glass contains a soln* of gold, and on re-heating, the 
gold ia reduced and surface tension brings the molecules of metal together and the 
aggregates separate from the soln. m the form of small particles; just as a film of 
metal on glass, at 300° or 400*, forms a number of minute spheroids without the 
metal melting. Coloured glasses have been prepared with copjrtr or silver m place 
of gold. Methods of preparing ruby glasses, etc*, industrially have been given by 
Arelais do Montaniy in 1765, and by N. do Milly in 1771, by many others in latw 
years. 5 

R. Zsigmondy's process for making purple ol Cassius.*— 300 c.c. of gold chlorkto 
containing the eq, of 3 grroa. of gold ji&r hire arc mixed with 250 c,c. of a soln. of etsnaoua 
chloride containing the eq. of 3 grmg, of tin per litre, and a email excefw of hydrochloric 
acid, and added to 4 liftrea of water with vigorous agitation. After standing three days, a 
dark violet-red powder collects aa a sediment whim the supernatant liquid is dear and- 
colourless, for it contains no gold or tin. The precipitate fc washed free from chlorides 
first by decantation, and then by auction on a filter. If the solid be treated with a warm 
sola, of dil. ammonia, a clear hydrunol ot the purple of Casshm is obtained which can be 
re-precipitated by the addition of a little sulphuric acid. 


When purple of Cassius is formed it is assumed that on the addition of stannous 
chloride to a dil. soln. of gold chloride the latter is reduced, and stannic chloride is 
formed: SAuClg-fSSnCl^SAu+ySnC^, The stannic chloride is hydrolysed into 
hydrochloric acid and lolloidal stannic acid, and this prevents the aggregation of 
the gold particle*. The hydrosol of stannic acid in soln. gradually changes into a 
hydrogel under the influence of the hydrochloric acid. A transformation from the 
soluble to the insoluble acid takes place at once on heating* The liquid usually 
becomes red, but the purple is not precipitated for some days unless the soln. is 
Ixiiled* 

The manufacture of special tints of purple of Cassius is attended by some 
uncertainty because tins beauty of the tint depends upon details in manipulation 
not dearly understood. According to C. Euisaon, 7 one cause of uncertainty in 
the results is due to the use of a mixture of stannic and stannous chlorides in indefi¬ 
nite proportions. Stannic chloride alone does not reduce the gold chloride, and 
C, Buisson considered that a mixture of one part of stannic chloride with three parte 
of stannous chloride is best for the precipitation of one part of gold. P. A. iiolley a 
need a soln. of 10 parts of ammonium chlorostannate, ^NH 4 CLSnCl^ with 40 parts 
of water and 1 07 part of tin-foil, for reducing the gold chloride ; and J. N. von Fuchs 
recommended the addition of a soln. of one part of ferric chloride liquor (sp. gr. 1'54) 
with three of water to a soln. of one part of stannous chloride in six parts of water 
until the product has a green tint. This, when diluted with six parts of water, was 
added to the soln. of gold chloride as nearly neutral as possible. W* A* Lampadius,® 
and J* Pelletier nseommended a rod of tin or tin shavings as reducing agent. 
Colours analogous to the calcined purple of Cassius have been made by precipitating 
gold on the hydroxides of magnesium, calcium, barium, aluminium, antimony, 
bismuth, or zirconium; barium or lead sulphate; or on china clay, and calcining 
the product. 10 Purple of Cassius remains as a residue when alloys of gold and tin 
with a large excess of silver are treated with nitric acid; 11 and when a gold-tin 
alloy is vaporised in air, the tin burns to stannic oxide, and it is at the same 
time stained by the condensation of the vapour of metallic gold. 12 The silver 1 ® 
and platinum 14 analogues of purple of Cassius have been prepared. The platinum 
product has all the properties of a colloid ; if it be prepared in a cone* soln* of hydro¬ 
chloric acid, it will be soluble, or rather peptized, in ether or ethyl acetate; and 
the purple can be extracted from the acid soln* by one of these menstrua, and a 
water soluble jelly is left behind. 

Prior to 1804, two views as to the chemical nature of purple of Cassius were 
rife, and in spite of the many investigations, no generally accepted decision hod been 
reached. Analytical results ranging from gold 27 to 38 per cent,, tin oxide from 
46 to 64 per cent., and water from 7 to 15 per cent, have been reported. Formulm 
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based on the analyses have been suggested, but with no satisfactory result, because 
chemical analysis cannot decide whether a substance is a chemical compound or a 
mixture. One view, held by J. J. Berzelius (1831} and others, 16 assumes purple 
oi Cassius to be a chemical compound of a gold oxide with tin pxidc, possibly with 
flome stannic acid in excess ; and the other view, advocated hj' J. B, Richter (1802) 
and others, 1 * regards purple of Cassius us a mixture of stannic oxide with metallic 
gold. While recognizing irith M, Macquer that las fatis prouvent qua cette couleur esi 
naiurdk d l'or toutes ks fois qu'il mi dzuise, certain difficulties were 

encountered, for the behaviour of the purple towards certain reagents was not like 
their behaviour with gold. Thus, J. J. Berzelius 17 argued that the solubility of 
purple of Cassius in ammonia, and the failure of mercury to extract the gold, favours 
the view that the gold is not present in the metallic state. By oxidizing stannous 
chloride, and allowing the dil. soln. to stand until a hydrogel of stannic acid sopa- 1 
rates, the addition of ammonia brings the product into sob. just as is the case 
with purple of Cdssius, and there is therefore no sign of the formation of a salt. 

K, A. Schneider 18 considers that the ammouiacal aoln. contains the hydrogels of 
gold and stannic acid, and R, Zsigmondy has shown that he is probably correct. 

A substance identical with purple of Cassius can be made by mixing the hydroaols 
of stannic acid and gold, and subsequently precipitating them by the addition of 
acids. Tire purple so synthesized has the same colour as the gold hydroaol from 
which it was prepared, and it is not probable that so inert a substance as gold 
would unite with stannic oxide under these conditions. The ultramicroacope shows 
that there is no essential difference between the gold particles in the synthesized 
hydrosol of purple of Cassius and the particles of the gold hydrosol. Neither the 
absorption spectrum nor the colour of the hydrosol of gold is changed in the least 
when it is converted into purple of Cassius, and this is not likely to be the case if 
the two components unite chemically, Purple of Cassius behaves like a typical 
colloid towards the electric current, and on dialysis ; and in this respect it resembles 
tJio hydrogel of stannic add. Hence, R. Zsigmondy argues that purple of Cassius 
is a mixture of the hydrosols of Kdd and stannic acid In which the latter imparts 
to the metallic gold the property of being dispersed in'alkaline liquids. Calcined 
purple of Cassius is a mixture of stannic oxide and finely divided gold ; and ruby 
glass owes its colour to particles of extremely finely divided gold. Still further, 
the properties of purple of Cassius depend upon the properties of the protective 
colloidal—stannic acid—which makes the gold play a passive rdle towards 
reagents. If the stannic acid is soluble in cone, hydrochloric acid, so ie the purple; 
in the same manner, the solubility in ammonia and dil. alkalies depends upon the 
character of the stannic mud present. Generally, the great variations in the 
properties of the different varieties of stannic acid explain the many contradictions 
m literature with respect to the properties of purple of Cassius. 

Instead of utydata being optically dear on solidification from a fused state, they aro 
sometimes fogged. 11 An ultramicroecopic examination of the fogged crystals of the 
chlorides of lead, silver, and of thallium, and the bromides of culver and of thallium lias 
ahown that the fog is produced by metal particles bo that the ciyatals have the character 
of ruby glass. If the fogged crystals of lead or silvor chloride he fused in a stream of 
chlorine and hydrogen chloride gases, they solidify optically clear—thallous chloride has 
not yet been obtained in quite door crystals, 
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& 12, Aliotropic Modifications of Gold and Silver 

Gold ia precipitated as a brown powder from its nalt ko liu By means of a stannous 
chloride, ferrous chloride, or sulphate, or by arsenious or antintonious acid ; with 
oxalic acid and cone, potassium carbojmte, gold is precipitated from boiling soln. 
as a soft yellow spongy mass. The more dil. the soln. the finer the state of the 
subdivision of the precipitate, and under certain conditions, red or purple soln. of 
colloidal gold arc obtained witliout any precipitation of the metal. With cone, 
soln, the gold is often precipitated in flakes with a metallic lustre. J. Thomsen 1 
found that pale yellow powdered gold is precipitated from neutral soln. of auric 
chloride by sulphur dioxide gas, and he symbolised this form of gold, by the symbol 
Au ; the same agent precipitates a fine dark powder from auric bromide, and 
J. Thomson symbolized this form of gold by Aua or a-gold; and gold with a 
metallic lustre is precipitated by the same agent from aurous halides, or by hydrogen 
chloride or bromide from aurous halides, and he designated this form of gold Au/3 
or 0-gold. J. Thomson assumed that these three precipitates represented aliotropic 
modifications of gold, and ho found that the hcate of the reactions corresponded 
with the relations Aua=Au-f-3'21 Cals.; and Auj3=Au+4'7 Cals. During tlio 
action of sulphur dioxide on auric bromide, J. Thomsen said that the bromide is 
reduced to aurous bromide, and then to Aua; but he also said that aurous bromide 
is reduced to AujS by the same agent, so that the two statements are not in accord, 
E. Cohen and J. W. van Heteren 2 found, no difference of potential at 0° or 25 fl 
between these different varieties of gold, and concluded that there is a difference 
only in the state of subdivision of the precipitates. It is, therefore, inferred that 
the three aliotropic modifications of gold postulated by J. Thomsen do not exist. 



GOLD 


In studying the double refraction of gold, Y. Bjornstiihl found indications that 
gold crystals and particles of colloidal gold belong to different crystal systems — 
vide supra. 

M. 0, Lea, and J. (b Blake postulated different allotropic forms of silver for 
wluit are now regarded as colloidal forms of tlie metal. When A, J. A* Pragu 8 
observed a similar difference in the heats developed during the precipitation of 
colloidal silver from soln, of different cone, and in the conversion of colloidal 
silver to the metallic form: Ag^oi,^—Agmeiai+fti’48x108) Cain,, he, like 
J r Thomsen with gold, assumed that colloidal silver is an allotropic modification 
of that metal, 0, Barns and E. A. Schneider, however, showed that work, or 
heat eq. to work, is necessary to transform a quantity of finely divided metal 
into a still finer state of subdivision, and heat ia liberated during the converse 
process—the coagulation of the part-idea into larger grains. The energy difference 
ijetween colloidal and finely divided silver is greater, per gram atom, than between 
the allotropic modification of phosphorus, sulphur, carbon, etc. The development 
of heat during the trim formation of a finely divided nutal into more coarse-grained 
aggregate, s, is not conclusive evidence of the simultaneous conversion of one allotropic 
modification of an clement into another. 

Attempts have likewise been made by M. Berthelot 4 to show that the d life fences 
jn the heats of so In. of different forms of silver in mercury correspond with four 
etuis allotropiques dc l ! argent. Silver rolled into thin sheets gave a heat of soln, 
of 2 03 CaTs. per gram-atom, and if heated to dull redness for 20 hours iu oxygen, 
Ol7 Cal.; electrolytic cry stalline silver from a 10 per rent, soln, of silver nitrate 
gave 010 Cal.; silver precipitated from a dil, eolm of silver nitrate gave 1 + 1EJ ( ! als. 
if dried at the room temp., and 07ti CaL if dried at 120’, or 008 Cal. if heated to 
dull redness. Even if M. Borthelot-’s assumption that these differences are due to 
iillotropCH of silver were correct, there would be no need to postulate four varieties, 
since various mixtures of two varieties of silver would explain the facts. E. Cohen 
and J. W, van Heteren, however, likewise failed to detect any difference in the 
potential difference of these different forms of silver, and they considered that M. 
Hurtludot’s allot ropes to bo Silbermtr in einer Earn, or identically the same form of 
silver. A. Mutthicaseni' said that “with silver it was not possible to get constant 
results for the sp. gi. although the metal was melted under bornx, sodium chloride, 
and charcoal. The value 11} 43d at 13'3° is the mean of thirteen different deter¬ 
minations varied between 10'424 and 10’51L” \V. D. Helds rmann expressed the 
opinion that these differences cannot be ascribed to experimental error, but are 
rather due to changes in the metal itself, i.e. to different allotropic forms ol 
silver* J, S. Stas obtained different values - y '8b88 to ll]'55ii7—for the sp. gr. 
of silver subjected to different treatment, and W. D. Heldermann also believed 
that different proportions of allotropic forms of the metal were present. Ho 
found the sp. gr. of silver, at 27747 treated in different ways, varied from in 3257 
to JU’4ft78. He also found that when kept in contact with a soln. of potassium 
sulphate for different periods of time (days) at 2b the sp, gr. rose 

u 15 IS 2ft 

tfpwifio gravity . . 10 4774 10-4W7 lU*48ii JO 4S70 

When kept for 6 days at 400 J in contact with a molten mixture of sodium and 
potassium nitrates, and then chilled in cold water, the sp. gr. fell to 10 21003 at 
2b74Q ri . The e.nt*l of different varieties in contact with a 10 per cent, soln* of 
silver nitrate ranged from 0 0000137 to 04)000748 volt. Experiment showed that 
if silver be heated in & dilatometer with a soln. of silver nitrate, the rata of 
expansion of the system is comparatively slow between 76° and 78°, and the metal 
which has been heated with the soln. above 76° has a smaller sp* gr, than the 
metal which has not been heated to so high a temp. Accordingly, W. H, Helder- 
mann concluded that silver exists in at least two allotropic modifications and 
that there is a transition temp, in the vicinity of 77*. Ordinary silver is therefore 
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assumed to be in a metastable condition because the allotropic forms are sot in 
a state of equilibrium. The physical constants excluding at, wt. refer to indefinite 
mixtures of the different allot ropes, and hence must vary according to the propor¬ 
tions present in a given sample. It has been suggested, however, that the 
evidence is not decisive because the variations in the sp. gr. of silver observed 
b^ A. Matthiessen, and the movement of the liquid in W, D. Heldermann^ 
dilatomcter may be really due to the soln. permeating thef pores of the metal; and 
the observed variation in the sp. gr. of the metal heated above and below 77°, 
due to a decrease in the apparent sp, gr, of the liquid confined in the pores of 
the metal— vide allotropic copper. Others have obtained evidence of aflotropio 
modifications of silver. Thus, H. Liidkte found that the electrical resistance 
of silver films increased with time. E. Janccke 8 plotted the press, temp, curves 
of silver compressed to 20,000 kilograms per sq, can, in eteel cylinders on a 
rising and falling temp., and he found a break near 120° (at 118° on the cooling 
curve, and 120° on the heating curve), which he considered to represent the 
allotropic change. L. Pissarjewsky 7 could not get a constant value for the 
equilibrium constant in the reaction, Ag a S 0 4 + 2 FeS 04 ==T , ca(S 0 4 ) 3 + 2 Ag; he 
found that the thermal values of the reaction in various solvents—water, 
normal sulphuric acid, 10 per cent, mannitol, or 24 per cent, glycerol—varied 
between 7 05 and 14'52 cals, per gram-atom of silver; and he also found that 
there is a difference of potential between the different precipitates in the reaction 
under consideration. Consequently, L. Pissarjewsky assumed that the precipi¬ 
tates are mixtures of at least two different modifications of silver. These results 
may be due to a difference in the state of subdivision of the different precipi¬ 
tates. Again, the curve showing the relation between the electromotive force 
of the silver-nickel thermocouple and the temp, cocff, between —80 a and 820° 
shows a maximum value between 180 c and 220°, and a minimum at about 370°, 
G, von HeVeey and E. Wolff * attribute the latter to an allotropic change in the 
nickel, and E, Janecke attributes the former to an allotropic change in the silver. 
According to D. Palitach,® silver obtained by dissolving zinc from zinc-silver 
alloys by hydrochloric acid differs from ordinary silver in sp. gr,, heat of rain. in 
mercury, and electrolytic potential, and is therefore considered to be an allotropic 
modification of ordinary silver. M, Hanriot studied the action of nitric acid on 
gold-silver alloys containing about 20 per cent, of gold, and he found that the 
residual gold always contained a little silver and much nitric acid; the latter is 
lost at 175°“200°, and on further heating, the product changes colour, and under¬ 
goes contraction; at 900°, a gas is evolved; and the residue melts at 1040°. He 
assumed that the residual brown gold is an allotropic /3-form of gold, and, according 
to M. Hanriot and F. Kaoult, the proportion of j9-goId increases aa the proportion of 
silver in the alloy increases. The last named measured the coefE. of magnetization 
and found —0'181xHT fl for brown or £-go!d, and —Q'234x10 _e for yellow or 
a-gold. The former begins to pass into the latter at about 350°, and the change 
is completed in about 2 hours at 400°. They found that nitric acid attacks both 
forms of gold, and that the best solvent for J3-gold ia a hot rain. of auric chloride 
containing hydrochloric acid. On cooling the soln. the dissolved gold crystallizes 
out in the metallic state, and a determination of its magnetization coeff. shows 
that, in this form, it consists almost entirely of the /3-variety. This solvent has a 
much more marked action on the brown than the yellow gold, and it is the ^-variety 
which passes into soln., thus leaving the insoluble residue enriched with the a-variety. 
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S 13. Alloys of Gold, Silver, and Govper 


H. Davy 1 said that when potassium 11 is heated with gold, or silver, or copper 
in a dose vessel of pure glass, it rapidly sets upon them ; and when the compounds 
are thrown in water, this fluid is decomposed, potash is formed, and the metals 
appear to be separated unaltered.” G, S. Sfirullas did not obtain any alloy of 
potassium with silver by igniting the metal with crude tartar. C. J. B. Karsten 
mentions a sodium-copper alloy with 013 per cent, of sodium, and H. Behrens 
made a copperpotassmm alloy. There is some doubt about these statements, 
because molten sodium appears to bo insoluble in copper at 500°, although when 
heated to the b.p. of sodium, copper absorbs a little sodium. According to 
£♦ Quereigh, and C. H, Mathew son, molten sodium and silver are miscible in all 
proportions, and the f.p. curve (Fig. 15) of the sodinm^silvor alloys has a single 
branch, although it is not certain if somewhere between 67 and &B per cent, of silver 
there is not a separation into two liquid layers. There is probably a eutectic con- 



Fig. lft—Freeemg-point Curve 
of Sodium-Silver Alloys, 



Fia. l(i.—Freezing-point Curve 
of Sodium-Gold Alloys. 


taming about Q l 3 per cent, of silver, since G, Tamniann found that the addition of 
this amount of silver lowered the f.p. of sodium 009°. This is represented in 
Fig, 15 by the area to the left of the dotted line. The little sodium which has been 
reported to be dissolved by silver in the crystalline state may be sodium which has 
been eutecticaUy separated with the silver. Sodium dissolves virtually no silver 
in the solid state, for on cooling soln. of silver in sodium, octahedral crystals of silver 
ore obtained. The equilibrium curve of sodium-gold alloys was found by 
C. H. Mathowson to show two euteotics (Fig. 16). The first eutectic with nearly 
3*6 atomic per cent, of gold and f H p H at 80* ;,the second eutectic has a f.p. at about 
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&70 fl ; and there is a maximum in the f.p, curve at 989 & corresponding with the 
formation of sodium dlftllridC, NaAuj. C. Vickers studied the use of sodium as a 
deoxidizer for eopj>er. 

According to I 1 . Berthicr, 2 native silver may contain up to 10 per cent, of 
copper; and F, Field found the native copper of Co<jumjbo contained up to 7 l 6 per 
cent, of silver. W, Vernadsky also studied the native alloys of copper and silver. 
A. Levol, in his Memoirs sur Its alliagts eonsidbm sous Ift rapport do leur composi¬ 
tion chimique, stated that the two metals may he alloyed in all proportions, but 
only the alloy corresjxmdmg with AggCu is microscopically homogeneous ■ hut 
F. Osmond showed that even LevoVs alioy is not homogeneous, but a polished 
surface rather has the pearlitic structure characteristic of eutectics; alloys with 
more copper show copper crystals imbedded in the pearlitic mass under similar 
conditions, and alloys with more silver show crystals of that metal imbedded in 
the pearlitic moss. The segregation of these alloys was also noted by A. D. vanRiems- 
dyk, H. Hahn, IV, von Lepkowsky, K. Borncinann, iind A, Bock, Standard silvor 
(7 5 per cent, copper) containing more silver than the eutectic becomes on solidifica¬ 
tion richer in silver in the interior than on the outside. The difference does not 
usually exceed one or two parts per 1000, and does not usually cause trouble. 
Attempts by G. Jars, W. CL Roberto'Austen, and K Matthcy to cast uniform ingots 
of standard silver have proved abortive. To impart soundness, and deoxidize 
any copper or silver oxide, it is customary to add about OTj per cent, of cadmium 
after the alloy is melted. The cadmium i b nearly all eliminated before the metal 
is cost. T, K. Rose, X, Pannain, G, Tammarm, and W t H. Walker studied the 
microetruoturc of coinage silver during annealing. The standard alloy is annealed 
rapidly at 670°, and T. K. Rose showed that softening begins about 230° ; at 500° 
softening is completed in about half an hour ; and in less than a minute at 600°. 
It melto at 890°. When a strip of copper is immersed in a soln. of silver nitrate 
F, Mylius and O. Fromm observed that a dark-coloured alloy of copper and silver 
is first deposited, and this soon decomposes, and finally a layer of crystalline silver 
is formed. S. Field studied the electro-deposition of a copper and silver alloy 
from a mixed soln. of potassium cyanocuprite, and eyanoargentito; G. Masing, 
the formation of alloys by compressing a mixture of the powdered metals at 4000 
atm. press. W. Friinkcl and H, Ilouben studied the diffusion of gold in a gold- 
silver alloy and found it to be I >'0000/17 sq. cm. per day at 870 . 

The equilibrium curve of copper-silver alloys has been explored by 0. T. Heycock 
and F, H, Neville, W.' CL Roberts-Austen, W. von Lopkowsky, K. Friedrich 
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and A. Leroux, and N. S. Kurnokoffi There is a eutectic with about 28T1 per 
cent, of copper at 778^779°, and solid soln. are formed, as indicated in Fig. 17, 
represented respectively at the left and right of the dotted lines. F, C, Thompson 
and E. Sinkinson showed that the colour of the alloys is a linear function of the 
composition. K. Karmarsch studied the hardening and toughening of silver by 
alloying it with copper; N, 3. Kurnakoff, N. PuscHin, and N, Senkowsky, and 
T. X. Rose studied the hardness of the copper-silver alloys* According to 
E. A Smith and H. Turner, the addition of copper to silver renders it harder and 
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better able to resist wcaT without sensibly impairing the malleability or ductility 
so that standard silver lends itself readily to rolling, stamping, spinning and other 
mechanical operations employed in the manipulation of the metal in the arts* The 
plastic flow of a metal under press, is exemplified in the striking of coins whereby 
the metal is made to flow into the sunken portions of the die and bo produce sharply 
defined impressions. T. K, Rose measured the hardness of standard silver at the 
successive stages of coinage. W. C, Roberts-Austen, and E, A, Smith and H. Turner 
measured some mechanical properties of some Cu-Ag alloys, including the tensile 
strength, compression, impact, and alternating bend test, ace Tabic V, Cap, XXL 
K. Karmarsch, and W, 0. Roberfcs-Austen measured the sp r gr. of these atloys j , 
K. Moey, the sp. vol.; the latter and also L, Weiller, N. S. Kunuikoff, N. Fuschin, 
and N. Senkowsky, A. Matthiessen, and V. Strouhal and C. Bams, the electrical 
conductivity; and W. Meier, the refractive index, absorption coeff., extinction 
cocfL, and the reflecting power. L, K. Oppitz also measured the optical properties 
of silver-copper alloys. D, Rciehcnstcin showed that a silvered copper anode 
plate, in a cone. soln. of KAgCy^Js not so readily polarised as a plate of amalga¬ 
mated copper. When heated, A. Stoimnann found that the surface is enriched in 
silver, and a film of copper oxide is formed which W. If. Walker showed can be 
avoided by heating the alloy in an inert gas. A, Sievcrts showed tlmt the absorption 
power of copper for hydrogen is scarcely influenced by alloying it with silver ; and 
A. ftieverts and E. Bcrgncr that the Cu-Ag alloy dissolves less sulphur dioxide 
than cupper alone, and more than copper-gold or copper-platinum alloys E, Pannaiu 
showed that an alloy of silver with one-sixth of copper is insoluble in dil. sulphuric 
acid. H. Moissan and T, Watanabo found that when the silver-copper alloy is 
heated in the electric furnace all but about 3 percent, of the silver can be distilled 
from the copper. According to H. Ro&e, when the alloy is heated in air, only a 
small part of the copper is oxidized, but if a large excess of lead lie added, the whole 
of the copper is oxidized by the cupel; and when fused with sodium chloride, 
cuprous chloride, but not silver chloride, is formed. According to W, R, Grove, 
nitric acid dissolves both metals, while a mixture of nitric acid with sulphuric acid 
acts slowly on copper, and serves to separate it from the silver. C, J. B. Karsten 
found that an alloy containing over 78 per cent, of silver has no action on silver 
nitrate, but if less silver be present, the silver nitrate if reduced, and this more 
rapidly as the proportion of copper increases. Curiously enough, not only is the 
excras of copper simultaneously dissolved during the precipitation, but the reaction 
continues oven after the proportion of silver in the alloy exceeds 78 per cent. 

Child and copper readily form alloys which are redder, harder, and generally 
more fusible than tbe gold alone. C. flatehett found that pure copper does not 
injure the ductility of gold, but that the gold becomes brittle if alloyed with copper 
containing lead or antimony. According to G. Bruni and D. Meneghini, the two 
element? unite to form a solid soln. if a gold wire is heated with copper below the 
m.p. ; and M. le Blanc and L. Bcrgmann obtained the same result by heating the 
two dements under fused oodium hydroxide bdow the m.p, A. Levol stated that 
only certain copper-gold alloys can be obtained homogeneous, Au a Cu, Au 4 0ti, AitgOu, 
AuCu, and AuCu s , R. Pearce 3 reported the formation of compounds of the two 
dements, but the f p. curves by E. Rudolfi, E. Jiinecke, N, S. KurnakofI and 
S. F. Schemtschuschny, and 0. T. Ifeycock and F. H. Neville give no evidence of 
chemical combination. These are typical U-shaped liquids and solidus curves as 
indicated in Fig. 18, with the minimum near 883° with 82 9 per cent, of gold by 
weight. The British sovereign has 91'66 per cent, of gold, 7 48 per cent, of copper, 
and a small amount of silvers The electrical conductivity or electrical resistance, and 
the hatdneas curves of the alloys of gold and copjwr, if rapidly cooled by quenohing, 
confirm, fairly well, the results deduced from the ip, curve, but the case ia altogether 
different when the results are made on annealed or slowly cooled alloys. The 
electrical conductivity (or resistance) curve shows sharp cusps corresponding with 
definite copper auridss, Cu^An and CuAu- Table XL Similar conclusions are 
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draw from the curve representing the hardness of slowly cooled alloys^-Table XI. 
It is therefore inferred that definite compounds are formed by the decomposition 
of an iaoraorphous mixture or solid sob. of the two elements. There are indications 
of similar transformations taking place :n solidified amorphous mixture of iron 
and nickel, manganese and nickel, copper and manganese, manganese and cadmium, 
etc. The sp, gr. of east alloys of gold and copper have been determined by 
C. Hatchett, W. C. Roberts-Austen, and C, Hoitsema: t 

Gold . 100 91-7 75-0 58 3 25’0 0 percent. 

Sp.gr, , . ID-31 17-315 1474 J2(i9 1003 8‘7 „ 

If the alloy lias been worked by railing or hammering, the sp* gr, is greater. The 
mixture of the two metals contracts on alloying. 

Table XI. — Hardness and Electrical Conductivity op Gold Copper Alloys. 
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P* van Muschenbroeck, C. Hatchett, N. Kurnakoff and S, F. Schemtachuschny 
have determined the hardness of these alloys; A. Portevin and J, Durand found 
the Brinell hardness rises to a maximum, and the force required to break a notched 
bar falls to a minimum with an alloy containing 20 per cent, of copper* The 
brittleness disappears on tempering at 400° owing to a transformation accompanied 
by an abrupt expansion. An alloy with 25 2 per rent, of copper, annealed at 700°, 
contracts when heated, and suddenly expands near 400°, it again contracts up to 
about 600°. An inverse curve is obtained by cooling, but the sudden change occurs 
at 350° when the heating and cooling curves intersect. W. C, Rohcrts-Austen 
and F. Osmond have measured the tensile strength and elongation of a few alloys; 
E. Nemst and F. A, Lindemann, and L. Rolla, the sp. ht.; and A. Matthiessen 
and E. Rudolfi, and A, L. Feild, the electrical conductivity, A. Sieverts found gold 
lowered the absorptive power of copper for hydrogen* Similarly, A. Sicverts and 
E. Bergner found gold-copper alloys dissolve less sulphur dioxide than copper or 
copper-silver alloys, and more than platinum-copper alloys, G, Tammann has also 
studied the galvanic polarization and the action of reagents on gold-copper alloys* 
R, Lorenz and co-workers studied the discharge potentials of the alloys. According 
to H. Moisean, copper first distils from the gold when the alloy is heated in the 
electric furnace. Copper cannot be completely separate! from the alloy by 
calcining it in air, nor by cnpellation with a large proportion of lead ; when a 
triple weight of silver and a 24-fold excess of lead are simultaneously added to the 
gold-copper alloy, the whole of the copper can he absorbed by the cupel as copper 
and lead oxide. According to J, MacCulloch, copper may be superficially dissolved 
from the alloy by heating it with aq. ammonia ; and alloys tarnished with cupric 
oxide may ho cleansed by this reagent. 0* Tammann studied the electrochemical 
behaviour of gold-copper alloys; he found that rolled or hammered alloys are 
more chemically active than annealed alloys* 

Gold readily alloys with silver in all proportions, and the resulting products 
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are harden more fusible, and more sonorous than gold. As the pro[>ortion of 
silver increases, the colour of the alloy passes quickly through a pale greemsh-yollow 
to white. J* Fournet * wielded gold and silver powders by Wollaston s process for 
platinum, ,and obtained a damasked metal, with a true alloy at the surfaces of 
contact, thus showing that the metals are capable of uniting at a temp, below 
their m.p, Alloys were made by M, le Blanc and L. Bergmaim, and by G. Brum 
and D. Mencghini by a method similar to that employed for copper-gold alloys, 
and at a temp, below the m.p, of either component, A. Bock noted that if a bar 
be broken, the interior is paler than the exterior* showing that gold tends to segregate 
and accumulate near the exterior. Native gold-silver alloys ore represented by 
auriferous silver, argentiferous gold, and elecfcrum. The proportions am very 
variable, and the native alloys are therefore very diverse in colour and sp, gr, ^ 
but they have the same crystalline form as the parent metals. J. B. J. D. Boiwsin- 
gault’assumed that the two elements occur in definite stoichiomotrical proportions 
in his analysis of Columbian ores, but G, Rose has shown that this assumption is 
not in accord with facts. Analyses have been reported of specimens from different 
parts of the world made by many workers. S. Field studied the electro-deposition 
of gold-silver alloys* 

Determinations of the f,p, have been made by W, C r Roberts-Anaten and 
T. K. Rose , 6 C. T. Heycoek and F. H. Neville, E. Janecke, G. Brimi and D. Mene- 
ghini, U. Raydt, 0. H. Mathews, A. Gautier, and T, Erhard and A. !$cbertel. The 
fp. curve of silver-gold alloys lies entirely between the f.p.of the pure metals, Fig. 19* 
There is a continuous curve with what might prove to be an ill-defined minimum 
representing a continuous series of mixed crystals, but no compound. The m.p, 
of an alloy with less than 5 per cent, of silver is virtually the same as that of pure 
gold ; further additions up to 35 per cent, of silver have very little effect, since the 
35 per cent, alloy melts but 3° below the temp, of melting gold ; with further addi¬ 
tions of silver there is a more rapid decrease in the m.p. of the alloy. G. Tammann 
has studied the spare lattice of mixed crystals of gold and silver, 0* Hatchett 
showed that the $p* gr. of silver-gold alloys differs very little from the values 
calculated from the sp, gr. of the constituent elements. The sp. gr. of alloys of 
these two metals has been determined by W* C. Roberts-Austen, and C. Hoiteema : 

Gold . . 100 9I-4J 70 0 50-0 25 0 10’7 O percent* 

Sp. gr* . * J0-31 13 04 J(H>3 J3tt0 J J -78 J128 JO-47 

The sp. vol. of the silver-gold alloys was determined by E* Maoy and C. Hoitsema J 
by W. C. Roberts-Austen and F. Osmond, the tensile strength and elongation; the 
hardness, by C. Hatchett, P. von Muschenbroeck, N. S. Kurnakoff and S, F. Schemfc- 
Hchuschny, and E* Rudolfi ; by W. Nernst and F, A. Lmdemann, and L. Rolla, the 
sp, ht .; by A, Matthiessen, V. Strouhal and C* R&tub, E. Rudolfi, A. L. Feild, and 
N. S. Kurnakoff and 8 . F. Schemtschuschny, the electrical conductivity ; by G, Tam¬ 
mann, the galvanic polarization; and by E. Rudolfi, the e.m.f. of the thermo-electric 
couple. Again, A, Sieverta found the solubility of oxygen in any particular alloy 
decreases with temp.; and for any given temp., it decreases with increasing proper 
tiona of gold. G. Rose and Levol noted the spitting of^alloys with a preponder¬ 
ating proportion of silveT. G. Tammann found that rolled and hammered alloys are 
more chemically active than annealed alloys. According to M. Hanriofc, nitric acid 
dissolves all the silver from alloys with over 60 per cent, of silver, and gold with 
about 01 per cent, of silver remains behind ; alloys with less than 60 per cent, of 
silver have a residue with a greater amount of this metal. Alloys with less than 
50 per cent, of silver are difficult to dissolve in nitric acid and should be melted 
with more silver if they are to be parted with this acid —vide allotrepic gold* 
W. B* Pollard has investigated the action of aqua regia on gold-silver alloys in 
the presence of ammonium salts and obtained indications of the formation of purple- 
brawn crystals, 3 AgCl, 4 AuGl a . 8 NH 4 Cl, which decompose whim water is added* 
G. Tammann has studied the action of reagents on gold-silver alloys. Alloys of 
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silver and gold hare long boon used for jeweller}' and COWS* The pafe*eofouwd 
dedrum has from 15 to 35 percent. of sifver. Corns of efectrum were struck about 
720 jm\ in jEgina, ami a little later in. Lydia ; these coins were supposed to bo 

three-quartera the value of pure gold coins. 
Cold and clectrum coins wore hardened 
by the addition of copper a few years 
before the Christian era. C. Hatchett 0 
made some observations on the ternary 
gold-silver-copper alloys. E. Jiiuccko 
studied the thermal properties of the same 
alloys, and his results are shown in Fig. 20, 
arranged in isotcctic lines. The curve CBD 
indicates the region wliere mixed crystals 
are formed; within that region two layers 
are formed. There is a minimum line 
Oi k m i , _iv ™\\ \TL\ii_Y\jt passing from that of the binary eutectie of 
f0S ** * copper and gold, to the binary eutectic 

Fra. 20— leatectic Lines of Ternary of copper and silver. The eutectic line 

Alloys of Copper-Silver-Gold- passes from E to A in the diagram. The 

point A (42 5Cu, 3GSAg, 210Au) repre¬ 
sents a liquid mixture which is in equilibrium with a definite solid mixture, 
which is represented by B (42'5Cu, 3JV5Ag, 24 OAu). The alloys were also studied 
micro sropically. 
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S 14. The Oxides and Hydroxides ol Gold 

Gold does not unite directly with oxygen. There are two well-recognised oxides 
of gold— auroiut oxide * or j gold monoxide, Au^O, and auric oxide, or fjold trumde, 
Au^Ofc, whiesh are derived from the corresponding halogen salta; and another, auroso- 
auric oxide, or gold dioxide, (AuO) B! is generally regarded as a chemical individual 
although the evidence is not so satisfactory. It is possible that gold is a monad 
in aurous oxide; a dyad in aurosoauric oxide ; and a triad in auric oxide, Tha 
distinction between the hydroxides and the anhydrous oxides in the published records 
is by no means always clear. Aurous oxide acts as a weak basio oxide, forming 
aurous salts * and possibly also as a very weak acidic oxide* forming aurites, MAuO. 
Auric oxide acts as an acidic oxide towards the strong bases* forming a series of 
salts—called aurates, MAuOg; it also acts as a weak basic oxide* forming auric 
salts with the acids. It is doubtful if gold tetroxide, Au^Q* or the <( gold dioxide M 
of J, P. Prat, and gold pentoxide f Au^Oj* or the “ perauric acid f1 of L, G. Figuicr* can 
vol. m. 3 p 
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bo regarded as homogeneous compounds What was formerly known as purple 
oxide of gold has proved to be nothing more than finely divided gold --vide colloidal 
gold. 

Gold monoxide or anions oxide, Au a O.— J. J. Berzelius 1 first prepared this 
oxide in 1811, l>y the action of a cold dil. sain, of potassium hydroxide on the aurous 
chloride, which he had discovered. It was called gold subtjzitk and protv&jde d’or. 
G, Kriisa warmed aurous bromide with potassium hydroxide and obtained a dark 
violet precipitate of aurous hydroxide, AuOH. According to L. G* Figuier, the pro¬ 
duct is contaminated with a comparatively laTge amount of metal, if, as prescribed 
by J. J. Berzelius, the auTous chloride is prepared at 2lG a ; but if the latter be pro¬ 
panol at 150°, the aurous oxide is pure, L. G. Figuier also precipitated aurous oxide 
by treating a neutral dil. soln. of gold trichloride with mercurous nitrate : 2AuOl n 
■ffHgNC^-bHaO^AujiO-l-ilHgCla+ngfNOj^-l-aHNOa; if an excess of the pre¬ 
cipitant is employed, the precipitate is contaminated with mercurous chloride. 
Aurous oxide was also obtained by mixing auric chloride with an excess of potassium 
hydroxide, and boiling the soln. with alkali tartrate, citrate, acetate, or other organic 
salt. If the soln. is neutral or acidic, metallic gold is precipitated. L. G. Figuier 
reduced auric chloride to aurous oxide by boiling the soln, for a long time with alkali 
hydroxide, alkali carbonate, or hydiuoarbonate or with acetic acid. The non¬ 
evolution of oxygen led L. G. Figuier to suggest that a higher gold oxide is simultane¬ 
ously formed* He also obtained aurouft oxide by the prolonged boiling of a soln. 
of potassium aurate; and F, Moyer heated a soln. of alkali aurata. According to 
E. Fremy, the black product with alkali hydroxide in not aurous oxide at all, but 
rather the finely divided metal, and its formation arises from the accidental presence 
of organic substances, or more generally from the decomposition of a certain quantity 
of aurous chloride which is mixed with the trichloride, and i* converted by tin* action 
of the alkali into metallic gold and this alkali aurabc. J. P. Prat, and P. Hclmtthindcr 
obtained what they regarded as aumut hydroxide, the former by warming a aoln. 
of gold chloride with potassium hydroxide, the latter by decomposing the sulphate, 
AuS0 4 , with water and drying at 100°. G. KrW preparation, and the product 
obtained by L. G. Figuier by the mercurous nitrate process, were regarded as 
hydroxides. 

The analyses of L. G. Figuier, and G. Kruss correspond with what is required for 
Au 2 0. According to the latter, the moist precipitate i$ dark violist, the dry powder 
is greyish-violet, and it loses water not oxygen when heated up to 200°, The evolu¬ 
tion of oxygen begins between 205° and 210 a , and is complete at 250°. According 
to L, G. Figuier, the dried product is insoluble and stable towards water and alcohol, 
while G. Kriias said the freshly precipitated oxide is “ soluble *’ in water, forming 
an indigo-blue aoln. with a brown fluorescence, which, according to L. Vanino, is 
colloidal aurous oxide. When the colloidal soln, is boilnl, or treated with a salt, or 
allowed to stand for many days, the dark violet oxide ia rc-prccipitated. U. Vogel 
and G, Kriias measured the absorption spectrum of the indigo-blue soln., and found 
the maximum absorption between A=5865 and 587'D. J, J. Berzelius found the 
oxide to be slightly soluble in a soln. of potassium hydroxide, and he considered that 
the soln, contained potassium await, AuOK. J. J, Berzelius also said the oxide 
he prepared was decomposed by long contact with a soln. of potassium hydroxide, 
forming dark brown auric oxide and metallic gold which gilded the vessel; he also 
said that his oxide did not combine with acids; L. G. Figuier said his oxide did 
combine with acids and also with the alkalies. Hence, it is obvious that two 
investigators worked with different products—J. J, Berzelius' oxide was probably 
a mixture of metallic gold and aurous oxide. According to E, Fremy, when the 
alkaline soln. is cone, it decomposes into jjold and alkali aurate. L. G, Figuier 
found that hydrochloric or hydrobromic acids convert the oxide respectively into 
hydrochloroauric or hydrobromoauric acid; hydriodio acid forms aurous iodide, 
and when the soln. is hoiled, gold and iodine separate. Aqua regia readily dissolves 
aurous oxide, forming auric chloride; but the oxide is not acted on by sulphuric, 
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nitric, or acetic acid. According to F, Roschlg, when aurous oxide ia triturated with 
aq, ammonia a violet product is obtained which is less explosive than fulminating 
gold; it has the composition NAug.NHj, and is not very explosive. 

Gold dioxide or aurosrauric oxide, Au 2 0 2 , or (AuOj n .—A hydrated product 
was obtained by J, P. Prat by dissolving gold in a quantity of aqua regia insufficient 
for its complete dissolution, and containing an excess of hydrocJdoric acid ; the 
soln. was then heated with potassium hydrocarbonate until the precipitate first 
formed rvdissolved, When the orange-yellow filtrate is heated to 55“ it begins to 
appear turbid, at 00° it becomes pale green, and at Gb 0 -^ 0 a dark olive-green 
hydrate separates. The product loses its water in air and becomes almost black; 
it is completely decomposed when heated to 260*. It dissolves in hydrochloric 
acid, forming a dark green soln.; dil. hydrofluoric: acid gives an insoluble moss; 
and none, sulphuric acid unites with aurosoaurie oxide especially when heated. 
According to F. Raachig, aq. ammonia forms a eomjttund with the composition 
AuuNg.EH^O, related to fulminating gold, G, Kriiss prepared an oxide of the 
same composition, by gradually heating pure aurio hydroxide up to 160 s until the 
weight remained constant. It is a fine dark yellowish-brown, is very hygroscopic, 
and can be kept only over phosphoric anhydride. When heated above 173°, it 
gives off oxygen. W. L. Dudley prepared this oxide by heating auric oxide, Au^Ogi 
to 1G0*. W. G. Mixtor was unable to verify these results, P, Schottlander obtained 
hydrated uvnt&oaurw <mde t 3Au a 0 a .2H£O, or A%Ojj(OH) a , or 3AuO.H £ 0, by the 
decomposition of the sulphate AuSOt* by water. The properties of this hydrate 
do not agree with those of J. P + Prat J s oxide. It forms a crystalline black powder, 
which is not acted on by boiling potash soln., whilst hydrochloric acid or nitric 
acid decomposes it into metallic gold and trioxide, the latter dissolving and forming 
a salt. Mercury removes no gold from this oxide. 1\ Schottlander is of the opinion 
that the gold acts as a true dyad, analogous to mercury, and is not to be regarded 
as a combination of monadic and triadic gold. If this hypothesis be correct, the 
inadequacy of the nomenclature is at once apparent, ami a modification is necessary 
-possibly on the lines indicated by A. Werner. 

J\ P, Prat claimed to have made what wad called gold dioxide, Au 3 () |p that is gold 
tptmzide, by dissolving guld in aqua regia containing an excess of mi nt; an id, and saturating 
tile liquid with potassium hyilroe&rbonate. When the liquid is warmed an urange-yollow 
powder is precipitated. Thin i* stable in light, but whim heated towards 200*. it loses its 
oxygen. G Kriisti assumes that J. R Prat hero murteauryJ hydroxide, And not the alleged 
dioxide, 

L. G. Figuier prepared a soln. of what he called aridc pceaurique, or gold pentoxulft, 
An a O ls by boiling auric oxide for a long time with a soln. of potassium hydroxide, whereby 
aiiruus oxide is precipitated, without the evolution of a gas, and iKdasnium peraurato with 
a little nil rate is formed. If sulphuric ur nitric acid U added, «nme auric oxide is pre¬ 
cipitated; there is an evolution of a little carbon dioxide, hut not of oxygen. The bright 
yellow Altered liquid is decomposed in a few seconds ab <50*-0, r i** becoming green and turbid, 
and depositing gold accompanied with the evolution of a little gas. L. G. Fignior added 
further that if a neutral soln. of auric chloride bo boiled with an oxohhs oJ potassium 
hydroxide until a considerable proportion of aurous oxide has separated, and then mixed 
first with barium chloride and then with baryta water, a yellow precipitate is first deposited, 
and afterwards a green one. If the latter be treated with sulphuric acid, auric oxide 
mixed with barium sulphate remains, and the liquid contains arid*; peraurique, .1, J, Ber¬ 
zelius made this comment: 11 The verity of Figuier’s results depends on whether or not he 
worked with alkali absolutely free from organic matter ." G. Kruas could not confirm 
L. G. Figuior’a results. 


Gold trioxide or auric oxide, Au^Og, —It was known to the medieval alchemists 
that a precipitate, called the calx of gold, is obtained when a soln, of gold in aqua 
regia ie treated with sodium hydroxide. The precipitation was described by 
T. Bergmann at the end of the eighteenth century in his memoir De prodpitotis 
metotliois ; while J. L. Proust* 2 and L. N. Vauquelin also prepared an oxide in a 
similar way; and A. Oherkampf showed that the product is vn perozyd d'or, Au £ 0 3 . 
The product obtained by precipitation is aurio hyi&QXjfl® f Au(OH) 3 . or Au-jO^HjO; 



inorganic and theoretical chemistry * 

Widj according to G. C. Wittstein, when this is dried over calcium chloride at 100*, 
aroiJing to P. Schottlander, when it is heated to 205°, the water is expelled' 
and the anhydrous oxide, Au^Oj, is formed— vide ift/Wt, G, Ktubs says that the inter¬ 
mediate hydrate, Au^Qj.H^O, or A%O a (OH) 2 , or AuO.OII, mmjl hydroxide, ia formed 
by drying the normal hydroxide, Au(OH) 3 , for a week over phosphorus pentoxide. 
P, SchottJander also found nitric acid of ap. gr. 1'4 transformed the auraBoaurio 
hydroxide, Au 30 a (OH) 2 , into gold and auryl hydroxide. AnO(OH). While in auroua 
oxide, gold acta as a monad, and In auric oxide aa a triad. 

A. Gberkampf mixed a neutral solo, of auric chloride with less than an oq r of 
alkali hydroxide, and obtained a yellow precipitate which he regarded as baxic auric 
chloride } since it formed a chloride with potassium hydroxide, and was thereby 
converted into black auric oxide: but J. Pelletier showed that A. Oberkampfa 
basic oxide was really auric oxide contaminated with auric chloride, since the latter 
may be washed out by boiling water and nitric acid, L. N. Yauquelin obtained a 
reddish-yellow precipitate by treating a sob. of gold in aqua regia with potassium 
hydroxide or carbonate ; and J. Pelletier also regarded this as a mixture of auric 
oxide mixed possibly with potassium aurate* When an excess of potassium 
hydroxide was used for the precipitation of a hot neutral soln. of auric chloride, 
A. Obcrkampf obtained brownish-black auric oxide, contaminated, according to 
J. Pelletier, with a little alkali, J. Thomsen mixed a soln. of one mol of auric chloride 
with three mols of sodium, hydroxide and added some sodium sulphate to hasten 
the sedimentation of the precipitate, P. Schottlander showed that the resulting 
precipitate is contaminated with alkali which cannot be removed by washing. 
L. G. Figuier boiled a neutral soln. of auric chloride sat. with sodium carbonate 
so long as a precipitate was formed. To decolorize the filtrate completely, it was 
supersaturated with sodium carbonate and neutralized with hot sulphuric acid. 
L. G. Figuier added potassium hydroxide to a neutral soln, of auric chloride until 
the liquid was strongly alkaline ; he then added J*arium chloride until the yellow 
precipitate of barium aurate acquired a whitish colour. The barium aurate was 
then decomposed with nitric arid, which removed the barium; the residue w-ae 
well washed and dried in the dark. J. B. A. Dumas employed a somewhat similar 
process, but boiled the auric chloride with baryta water. J, Pelletier remarked on 
the difficulty of removing all the barium from the precipitated barium aurate, and 
he recommended the use of an excess of magnesia or zinc oxide instead of baryta 
water. C. Wittstein, G. Kriiss, and V, Lenher recommended the magnesia process, 
E. Frimy recommended the following process ; 

By add ing to the flobi, of auric oldoride a sufficient quantity of potassium hydroxide to 
rediasolve the precipitate first produced, boiling for a quarter of an hour, whereupon the 
Liquid which is at tint dark brown, gradually aeaumos a yellow tint—then adding sulphuric 
acid in alight exceas—collecting the resulting precipitate on a filter, and washing it with 
water, till the wash-water no longer gives a precipitate with barium salts, auric oxide 
is formed* The first addition of the potassium hydroxide converts the auric chloride 
into an oxychloride, which then forms a eolufolo compound with the potassium 
hydroxide; if the soln, be treated with an acid without previous boiling, a precipitate is 
obtained constating of the oxychloride, which may be distinguished from the auric oxide 
by dissolving slowly, but completely, in pure water. It is only by continued boiling that 
the compound of the oxychloride with potassium hydroxide ia converted into the aurate 
of potassium, the conversion being attended with the change of colour above noticed. The 
aurio oxide obtained in the manner just described ia not quite free from potassium hydroxide, 
even after long-continued washing. It may bo purified completely by treating it with 
very strong nitric acid, which dissolves it readily—mixing the soln. with water, which 
immediately precipitates the auric oxide—and washing the precipitate thoroughly with 
pure water. 

P. Schottlander obtained auric oxide by the action on auryl nitrate or sulphate; 
and by dissolving gold in sulphuric acid mixed with manganese dioxide at 250° 
and decomposing the cold sob, with water. A good Method of preparing auric L 
oxide is to electrolyze a diL soln. of nitric acid with a gold anode in a porous cell. 

Vdilnw lionid is decomposed with water as indicated in describing the action 
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of nitric acid on gold. F, Meyer added precipitated gold to sodium peroxide melted 
in a nickel crucible, and raised the temp, to bright redness for ten minutes; leached 
the cold mass with water ; filtered off the nickel oxide and the excess of gold ; 
treated the green filtrate, a soln* of sodium aurate with dih sulphuric acid, and dried 
the washed product iu vacuo in darkness. In the electrolysis of dil. sulphuric 
acid with gold electrodes, A, Rundspaden found that the anode was covered with 
a thick yellowish-red crust of auric hydroxide. W, G, Mixter also prepared auric 
oxide by making gold the anode in an electrolyte—with potassium sulphate as an 
electrolyte, the auric hydroxide retains some potassium presumably os aurate ; 
and with sulphuric acid as electrolyte, the deposit contains some basic sulphate 
which is not removed by cold water. 

Auric hydroxide is a brownish-black powder, and, according to L. G. Figuier, 
that which is precipitated by cone, acid from potassium aurate is olive-green in¬ 
clining to black, while that precipitated by acids of medium cone, is dark yellow, 
and he found that when dried under reduced press, or in diy air, it contained 24 per 
cent, of water—when Au^Oa-SHgO corresponds with 24 6 per cent.; while G. (1 Witt- 
stein found that the hydrate precipitated by baryta water contained 11 1 per cent, 
of water, when dried over calcium chloride in vacuo—the theoretical value for 
AiigQa^HgO is 10 9 per cent. L. G. Figuier found that a little oxygen is lost along 
with water in the drying of samples at 100°, and W. L. Dudley also found oxygen 
to be evolved at 110°, and at 160° the residue has a composition corresponding with 
Au^Ojj. W. G. Mixter also found oxygen is given off before all the water is expelled 
from auric hydroxide, that the decomposition is complete at 245\ W. G, Mixter 
heated 3*6907 grins, of auric hydroxide in a bulb 4 hrs. at 135°, and found its weight 
reduced to 3 6127 grms, ; 18 hrs., I35M.48 0 , and found 3 5G1G gnus.; 2(J hrs., 
1G1 Q —168°, and found 3*5507 gnus. ; 24 hrs,, 180°-204°, and found 3'504 grms. ; 
2 £ hrs., 200°-213 1> , and found 3*497 grms,; 2 hrs., 218 & -231°, and found 3'479 grms, ; 
2 hrs., 235 1> -244' 1 , and found 3'417 grms.; 3 hrs., 24O*-2G0 < ’, and found 3 + 251 grins. : 
2 ^ hrs., 25U Q -295°, and found 3126 grins. ; and above 360°, 3*083 grms. The loss 
with 80 1 itb\ heating from I35°-213° was B'7 per cent., which is practically the same 
as the amount of water in the original substance. The hydroxide is decomposed 
by light. J. Thomsen found the heat of formation of auric hydroxide, 2Au-j-3G+aq, 
^AuaQgaq.—ll + 5 Cals, W. G. Mixter gave —12'3 Cals, for the heat of formation 
of auric oxide from its elements. 

The hydroxide is readily reduced when warmed in a stream of hydrogen, and the 
gas first burns with a green, then a red flarue. 1. W. Fay and A. F. Seeker found 
an appreciable reduction occurs at 0° when the oxide is treated with hydrogen and 
with carbon monoxide. According to 1L II;Morris, when gold hydroxide in a steel 
bomb is treated with water at 322", metallic gold is formed; the presence of sodium 
or magnesium chloride favours the decomposition, while calcium chloride hinders 
the change. W, G, Mixter found auric hydroxide is reduced to the metal bv hydro¬ 
gen peroxide or a soln. of sodium peroxide. According to J. Pelletier and E. Frfiiny, 
auric hydroxide is easily soluble in hydrochloric add and hydrobromic add, but 
J. P. Prat found it to be insoluble in hydrofluoric add, and this, added V* Lenher, 
even after digestion for a week in the presence of nitric acid. When warmed with 
water and iodine, it forma a turbid liquid from which a pale yellow powder settles— 
L, G. Figuier believed the product was a higher iodide, J. J, Berzelius an iodate. 
J Pelletier found that with aq, hydriodlc add, aureus iodide and iodine are formed 
and the mixture deposits gold when warmed. Cold alcohol has no action on 
hydroxide, but with boiling alcohol some gold separates out. Auric hydroxide 
unites with the alkali hydroxides and with several other metal oxides, forming 
auxates—nde infra , According to J. Pelletier, when the hydroxide is treated with 
an aq. soln. of potassium hydroxide, part is reduced to the metallic state, and part 
is precipitated as black oxide. L, G. Figuier found the freshly precipitated hydroxide 
to be almost insoluble in a cone. soln. of potassium hydroxide, and it dissolves when 
heated, forming potassium aurate and some aurous oxide. J. Pelletier found that 
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with an alcoholic soln. of potassium hydroxide it ft npduoed to hard shining gold 
scales, once used in painting miniatures. S. jKoso found it to be insoluble in & soln. 
of alkali bicarbonate!; and J. Pelletier found it to be sparingly soluble in bailing 
aq. soln. of potassium, sodium, or barium chloride, forming a yelfoiv alkaimo 
fluid. 

The hydroxide, even when freshly precipitated, is very sparingly soluble in most 
acids; it is aomewhat soluble in cone, sulphuric add, but the oxide is re-precipitated 
by diluting the soln. J + L. Proust and K Frfrmy noted the ready solubility of the 
hydroxide in nitric acid, and when the soln. is diluted with water, gold is quantita¬ 
tively precipitated. H. Rose noted that fuming nitric acid dissolves very little 
hydroxide, and at the same time exerts a reducing action in virtue of the contained 
nitrous acid ; arthophoaphoric add has very little action on the hydroxide ; OXAllc 
add reduces it to the aurous oxide and gold ; and of ali the oxy-acids, acetic add 
dissolves the hydroxides most readily, and the deep yellowish-brown sole, deposits 
some gold and some of tbe hydroxide on standing, and when the acetic soln. is boiled 
it deposits auric hydroxide again. In general, the organic adds reduce the 
hydroxide, and consequently do not form gold salts. Nor does auric hydroxide 
unite with carbonic add or boric acid. According to E. Buutell, auric hydroxide 
dissolves in an sip soln. of potassum lerrocyamde at ordinary temp., and rapidly 
when the solm i a. boiled. Potassium cyauoaurate, KAuCy^, is formed, and some 
ferric hydroxide is precipitated if the sob. is alkaline. 

The action of ammonia on gold oxide or of alkali on an ammoniacal sola, of a 
salt of gold attracted much attention from the alchemists of the Middle Ages. In 
virtue of the fact that when rubbed, struck, heated, or exposed to an electrical 
spark, it detonates with a loud, sharp report, and a faint light, led to its being called 
fulminating goli The anonymous writer, Basil Valentine, 3 in the seventeenth 
century, described its precipitation by the action of sal tartan on a soln, of gold in 
a mixture of nitric acid and ammonium chloride ; and be added that tbe powder 
is bo explosive that “ when exposed to a little warmth, it ignites and does a great 
damage, for it then explodes with such great power and might tlrnt no man can 
withstand.” It was called aumm ^/ulminaws by J. Begiun (1608); auruwi volatile 
by 0. Crdl (1609); jmlvis pynus aureus by A. Kircher (1641); tmrum sclopetam 
hy J. Schroder (1641) ; saffian d’or or or fulminant by N. Lemcry (1670); and 
various other names were assigned to it, for example, magistmum cwaurwchnjmn, 
pulvis chrymcermnius, etc. Observations on fulminating gold wore also made by 
T, Willis (1659), A. Sala (1020), J. K. Glauber (1648), G. E. Stahl (1702), F. Hoff¬ 
mann (1722), J. Juncker (1730), A, S. Marggraf (1746), J. Black (1755), A. Baum6 
(1763), J. F. Meyer (1764), etc. They thought the explosiveness .was due to the 
evolution of fixed air. J. Kunckel (1716) first observed that aumm fvhmnam 
contained ammonia as an essential constituent. The compound was further in¬ 
vestigated by T, Bergmann in his dissertation De cake auri fulminante (Upsala, 
1769), and by C, W. Scheele in his Qhmisehe Abhandlung ton tier Jjafi uwd Feuer 
(Upsala, 1777), and confirming J. von Lowcnstein-Kunckers observation, fulminating 
gold was found to be a compound of gold calx and ammonia, and the French 
chemists accordingly called it oxide d’or amtnoniacal. 

According to T. Bergmann, and 0. W, Schcele, auric hydroxide is converted 
into fulminating gold immersion in aq. ammonia, or in a soln. of ammonium 
chloride, sulphate, or nitrate ; and he found a gain of 23'3 per cent, in weight in 
aq, ammonia, and T. Bergmann a gain of 20 per cent, in weight in. the other soln., 
and at the same time, the liquid acquires au acid reaction. The auric hydroxide 
prepared by J. B, A. Dumas’ process 4 yields green fulminating gold when immersed 
24 hrs, in cone, aq. .ammonia, and washed and dried at 100. T. Bergmann also 
precipitated fulminating gold hy adding aq* ammonia or ammonium carbonate to a 
soln. of auric chloride; and he observed that the greater the quantity of free acid in 
the gold soln. or a soln. of auric hydroxide in nitnc or sulphuric acid, and the larger 
the excess of ammonia employed, the less the quantity of gold precipitated. The 
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more completely the precipitated aurwn fidmmtus is washed, the more readily 
and violently does it detonate; the detonating power is likewise increased by boiling 
the product with a soln. of potassium hydroxide or carbonate, and thoroughly 
washing it with water. The waafowatcr was found by J. B. A, Dumas still to. 
give a turbidity with silver nitrate, even after three days* washing. J. J. Berzelius 
pointed out that the last tracts of absorbed auric chloride can be removed by wash¬ 
ing with hot water containing ammonia, W. G. Mixfor found that when a soln. of 
ammonium carbonate is electrolyzed with gold electrodes, fulminating gold is do 
posited on the anode. 

J. B. A. Dumas' analyses of fulminating gold can be represented by AujjO^NJT;,, 
f/oidtetravaniw^fixidet or AuN.NH^. 1JH 2 0, or, according to F. Rasehig, HN : Au,NJI 2 
auric irntdoamidc. If aq. ammonia is added to a twin, of auric chloride a mixture of 
fulminating gold and yellow auric imUftchhridc; NHAuCl, is formed, and the chlorine 
cannot be all removed by a prolonged digestion with aqua ammonia. Fulminating 
gold is resolved by detonation into gold, nitrogen, ammonia, and water, and, said 
T. Bergmann, silver or copper supports are gilded by the explosion. T. Bergmann 
obtained 11 c.c. of nitrogen from 0 625 grtn. of fulminating gold ; and C. W. Scheelc 
obtained a volume of nitrogen gas equal in bulk to 1875 grins. of water from 0 06 grm, 
of fulminating gold. According to J. B. A. Dumas, when fulminating gold is kept 
for some hours at 100°, it becomes so sensitive that it can scarcely be touched without 
exploding. T. Bergmann found that the moist product does not detonate by heat 
until it becomes dry, and then not violently all at once, but in separate portions 
a* they give off their water; it acquires a blackish tint when the temp, is raised 
just below the temp, nf explosion, which J. B. A. Dumas places at 143*, Both 
T. Bergmann and J. B. A. Dumas noted that if care be taken to avoid friction, 
fulminating gold can bo heated nearly to the explosion temp,, then cooled a little, 
and more strongly heated, again cooled, and again still more strongly heated; it can 
finally be heated to redness without exploding, and all the gold remains behind 
in the metallic state. The explosion of fulminating gold is very violent, and 
T, Bergmann reports the bursting of the doors and windows of an apartment in 
which a mass exploded, and A, Baum6 says that a dram of fulminating gold in a 
bottle, exploded while tins stopper was being turned round, so that the operator’s 
two eyes were irrecoverably destroyed by the projected fragments of glass,” A 
mixture of fulminating gold with finely divided salts of the alkalies or alkaline 
earths may bo heated without explosion ; and J. B. A. Dumas obtained nitrogen 
gas but no nitric oxide by hratmg a mixture of fulminating gold and copper oxide. 
A mixture of the explosive with one or two times its weight of sulphur does not 
explode, and T. Bergmann added fulminating gold in small portions at a time to 
molten sulphur without explosion. Basil Valentine first found that fulminating 
gold loses its explosiveness when heated with sulphur. Hydrogen sulphide and also 
stannic chloride wens found by J. L. Proust to decompose fulminating gold without 
explosion, T, BeTgmaun found, that fulminating gold can be gently heated with 
sulphuric acid without change, and at the b.^. of the acid, it is decomposed 
into metallic gold, etc., without explosion. It also forms an explosive sulphate, 
4(HN : Au,NH E )H 2 S0 4 . It can be boiled with diL sulphuric or nitric acid without 
decomposition. Boiling hydrochloric acid dissolves a little fulminating gold, 
AuNH.NH 2 -brjHCl=AuCl 3 + 2 NH i Cl; and potassium hydroxide precipitates 
fulminating gold from the sob., copper precipitates gold, and C. W, Schcele found 
the remaining liquid yields ammonium carbonate when distilled with potassium 
carbonate. Aq. alkalies, most acids, and alcohol, hot or cold, have no action on 
f ulmi nating gold, b ut it is di ssolved by a soln. of potassium cyanide, forming potassium 
hydroxide, ammonia, and ammonium cyanoaurafo, NH+AuCy^. E. Beubell has 
studied the action of a dil. soln. of potassium fortocyanid^/m fulminating gold, and 
found that at ordinary temp, hydrocyanic acid is formed ; and when the mixture 
is boiled ferric hydroxide is precipitated, and all the gold forma potassium cyanp- 
auiate, KAuCy 2 , ■ 
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Auric acid and the auratea.— Gold hydroxide unites with bases to form aurates. 
A soln, of gold hydroxide in soln, of alkali hydroxides or chlorides contains the 
corresponding aurate. J. J. Berzelius 6 noted that when aurous oxide is treated with 
an aq H soln, of potassium hydroxide it decomposes into metallic gold and potassium 
aurate ; S, Tennant noted that when potassium nitrate is melted in a gold vessel, 
and the cold cake lcaclied with water, a yellow soln. is obtained from which gold 
can be precipitated by potassium nitrite; J, Pelletier ■digested auric hydroxide 
in potassium hydroxide, and obtained a soln. of potassium aurate, which K Fremy 
found, on evaporation in vacuo, furnished pale yellow masses and needle-like crystals 
of tri hydrated potassium aurate, KaO.AuaQg.GHjO, or KAuO 2 ,3H 2 0, F. Meyer 
represents its composition by KAuO s .3H 2 (X According to E, Fr£my, potassium 
aurate is readily soluble in water, forming a pale yellow liquid with a feeble alkaline 
reaction indicative of hydrolysis, and on evaporation of the soln., much of the gold 
separates out. F. Meyer made potassium aurate by adding potassium sulphate to 
a soln, of barium aurate, H. Elkington, and E, L. Schubarth used the soln. of gold 
hydroxide in potassium hydroxide for gilding copper, brass, and bronze, E. Fremy 
found copper precipitated black pulverulent gold from a warm soln, of potassium 
aurate. Most metallic salts were found to give precipitates with potassium aurate, 
forming sparingly soluble metal aurates, although many redissolvo in an excess 
of the precipitant. For example, calcium chloride precipitates calcium aurate, 
which is soluble in an excess of calcium chloride. Potassium aurate is decomposed 
by almost all organic substances, with the separation of gold, 

F. Meyer prepared a green soln, of sodium aurate in connection with the pre¬ 
paration of auric hydroxide. He also digested auric hydroxide with an aq. soln. 
of sodium hydroxide, excluding access of atm. carbon dioxide, and evaporated the 
soln. in vacuo in darkness. The product was rapidly washed with alcohol. Ho 
also obtained a soln, of the same salt by adding sodium sulphate to a soln. of barium 
aurate, and filtering. The aeicular crystals obtained by evaporating the aq, soln. 
are pale green; and are assumed to have a composition NaAu0 2 ,2H 2 (X They 
detonate when heated with organic substances—e.*?, paper. They are insoluble 
in alcohol. The aq. soln. is decomposed by heat and light; the soln. is reduced by 
sulphur dioxide. Alcohol furnishes gold mid aldehyde* Hydrochloric acid con¬ 
verts the soln. into auric chloride* Dil. sulphuric or nitric acid converts the salt 
soln. into one containing auric acid, HAuO*), According to W. G. Mixfer, the heat 
of formation is Au 2 Q d -|-3Na 2 O==lG0 h< J Cals., and 2Au-[-30-}-3NsuO=88'6 Cak 

J, Pelletier obtained barium aurate by mixing a neutral soln. of auric chloride 
with baryta water. The precipitate dissolves in acetic acid, and the soln. furnishes 
crystals of the double acetate of gold and barium. F. Veigand said the filtrate 
from the preceding precipitate furnishes small green rhombic crystals of the com¬ 
position Ba(Au0 2 ) 2 .5H 2 0. F. Meyer regards the pale green powder which he 
obtained by adding baryta water to a soln, of sodium or potassium aurate, wash¬ 
ing the gelatinous precipitate with wafer, and drying in vacuo in darkness, as 
having composition Ba(Au0 2 } 2 .GH 2 0. The pale green powder gradually loses water 
in vacuo ; it is decomposed by light; and is rather more soluble in water than the 
alkali aurafe. E, Fremy prepared calcium aurate as indicated above, and F. Meyer 
also obtained a product, Ca(AuO 2 ) 2 ,0H 2 0, analogous with the barium salt. 
J, Pelletier obtained magnesium aurate by a method analogous to that employed 
for the barium salt* 
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§ 15* Gold Fluoride 

Gold, does ocuur associated with fluorspar, particularly in telluritio deposits, 
but gold fluoridu itself does not appear to bo oajiablc of existence in the presence of 
water* nor under the ordinary conditions which obtain in nature. The gold halides 
aro fairly well defined, Tervalcnt gold iorma a relatively stable chloride, while 
the bromide and iodide arc not m stable and arc liable to break down into univalent 
gold halides. As a rule* the elements form halides whose stability is inversely as 
the at. wt. of the combined halogen. Fluorine is the most chemically active of all 
the halogens—if not of all the elements—and yet it appears to have but little affinity 
for geld. This might not be expected from a comparison of tbe relative stability 
of the other gold halides with the at. wt. of the halide, although the known properties 
of other fluorides have made chemists rather cautious in predicting the properties 
of the fluorides by extrapolation so to speak with the properties of the other halides. 
For example, contrast the solubility of the chlorides* bromides, and iodides of the 
alkaline earths with the insolubility of the fluorides; and the solubility of the 
thsilium and silver fluorides with the insolubility of the chlorides, bromides, and 
iodides. H, Hoisean 1 states that gold is not attacked by fluorine at ordinary 
temp,, but whengold wire is heated to dull redness in a stream of fluorine* a crust 
of reddish-yellow powder is formed on the metal. This powder attracts moisture 
from the air with great avidity ; it is volatile at a temp, a little higher than that at 
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which it is formed, and decomposes into fluorine gas and the metal. J. P, Prat 
seems to have obtained a kind of basic fluoride, possibly a mixture of fluoride and 
oxide, as an insoluble product of the action of hydrofluoric acid upon gold sesqui- 
oxide i but V. Lenher says that this oxide is not attacked by digesting it for a week 
in nitrohydrofluoric acid. According to 0, Ruff, similar remarks apply to gold 
dichloride when heated up to the temp, of its decomposition with hydrogen fluoride ; 
or up to 2S0° with putaH&ium hydrogen fluoride; Y. Lenher adds that when a soln. 
of silver fluoride is heated with auric chloride or hydroxide, if the double decom¬ 
position : Aut l lg-f3AgF=AuF s -h3AgCl, does occur, the gold fluoride is immediately 
hydrolyzed by water, for gold hydroxide is quantitatively, precipitated: AuCl 3 
-f-3AgF4‘3H 2 0=3AgCl+Au(OH) 3 +3lIF, Many other processes were tried but 
without success; nor was he able to find a non-aqueous solvent which dissolved 
both gold chloride and silver fluoride without decomposition. 
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g 16* Gold Chlorides 

The solvent action of aqua regia on gold is mentioned in (leWs Dr invention?, 
veritatis, for he says that the addition of sal ammoniac accentuates the solvent 
action of aqua dueatuiiva (nitric acid) because it then dissolves gold. The soln. of 
gold in aqua regia was known to all the succeeding alchemists, and called by them 
potable gold, to which many medicinal virtues were asc ribed; it was regarded as 
the elixir of life, Roger Bacon, in urging this terrestrial hippoerene to the attention 
of Pope Nicholas IY, related: 

An old man, when ploughing a field in Sicily, one day found some of the yellow potable 
gold in a golden phial* and, supposing it to be dnw, drank up the liquor, Hn waa thereupon 
transformed into a hale, robunt, and highly accomplished youth. The youth was thereafter 
received into the service of the Sicilian king, where he nerved Humn eighty years. 

There are relics of the medieval ideas regarding the virtues of yellow golden water 
in some present-day quack medicines, Basil Valentine, 1 Robert Boyle* and 
O. Tachen refer to colour effects obtained by the soln. of gold with various reagents, 
Basil Valentine reported that mercury forms gold amalgam when mixed with the 
gold soln,, and that the gold remains as a purple powder when the mercury is distilled 
off, R, Boyle, J- R- Glauber, J, Kunckel* and J, C, Orschall refer to the reduction 
of gold from its soln. in aqua regia by means of organic matters, mercury nitrate, 
and ferrous sulphate. 

There are two well-defined gold chiorides—aurous chloride* AuCi; and auric 
chloride, AuClfl. Several investigators claim to have made an intermediate chkride. 
J. P. Prat stated that finely divided gold, or Aureus chloride dissolves with the 
evolution of heat in a soln. of auric chloride, possibly with the formation of a com¬ 
pound of aurous and auric chlorides; he also said,that a higher chloride than the 
trichloride is ]>roduccd when chlorine is passed over auric chloride. According to 
J. Thomsen, 2 if dry chlorine be passed over dried and finely divided gold, the 
mixture becomes heated, without the application of external heat, and flUTOfiOaoric 
Chloride, or gold dichloride, Au^Cl*, is formed. This may be regarded as auiatif 
Chloro&urate, AuAuC^. According to J. Thomsen* aurosoauric chloride is a dark 
red hygroscopic solid which decomposes at 250°. T. K. Rose says the sp. gr. is 5 l l* 
Its heat of formation was measured bv E, Petersen. J. Thomsen shows that the 
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product is decomposed by water or by alcohol Into aurous and auric chlorides. 
A. Meillet claims to have made a double sodium and^ aurosoauric chloride —Me 
supra. 

According to G. Kriiss, when finely divided gold is heated to 140* in dry chlorine, 
auroaoauric chloride is formed, which decomposes into auious and auric chlorides 
at 180°”19G°. At 220 & -230*, some auric chloride is formed, and the aurous chloride 
decomposes; above this temp, the gold is not attacked by chlorine. On cooling 
these changes arc said to he reversed. In a subsequent memoir, G. Kruss and 
F, W. Schmidt aay that the only products of the reaction of chlorine on gold are the 
two chlorides, Aud and AuC!^, and they maintain that the alleged compound, 
AiiflCb, does not exist, for when made under different conditions, the product has 
a variable composition, never that of Au^Cl^ ; the ultimate product of the action 
is auric trichloride, and the alleged compound represents the product of a reaction 
arrested before it ia completed, and is a mixture of auric chloride and unaltered 
gold, E. Petersen claims that G. Kriiss and F. W, Schmidt washed their product 
with water and ether, and this is inadmissible, because J, Thomsen showed that 
it is decomposed by this menstruum. Even with alcohol at —20°, there is some 
decomposition. El, Petersen concludes from his synthetic and calorimetric experi¬ 
ments thatthis compound is a real chemical individual. G. Kriiss and F, tV T Schmidt 
repeated E, Petersen’s experiments and again confirm their former conclusion. 

Aurous chloride, or gold monochloride, Audi.—J. C, Leuchs recommended 
heating the auric chloride, AuOlj, between 231 )° and 300° ; J, J. Beraelius 3 to the 
m.p. of tin, that is between 228° and 230°; L. Vanino and Ij. Rossler, to about 
200° ; t F. Thomsen, to 185 u ; b\ W. Schmidt, and F. Ijengfeld, in a paraffin bath at 
175°, for several days; L. G. Figuier, between 120 * and 1/30° ; and J. Lowe, in 
a thin dish at the temp, of a boiling water-bath for some days. The liquid should 
be protected from dust during the evaporation, otherwise some of the salt may he 
reduced to the metal. The auric chloride first acquires a reddish-brown colour, 
then dirty brown, yellowish-brown, greenish-yellow, arid finally yellow, F. H. Camp¬ 
bell also claims to have made aurous chloride hy heating auric chloride in vacuo 
to 170“, and washing the product with ether until the washings were no longer 
coloured by auric chloride. 

F. Lengfeld showed that at 18f>° auric chloride slowly dissociates into gold and 
chlorine, and below 175° some auric salt escapes decomposition ; and M. E. Diemer, 
that when ordinary auric chloride - in reality hydruehloroauric acid, HA 11 CI 4 —is 
heated there appears to be no intermediate stage between auric chloride and metallic 
gold, and in consequence the formation of aurous chloride might be questioned. If, 
however, the auric chloride be prepared quite free from hydrochloric acid and water, 
it shows no loss in weight and not the slightest sign of decomposition at 100 ° ; but 
if heated in an atm. of hydrogen chloride at 19Q° chlorine is evolved and the product 
assumes a yellowish-white colour and undergoes no further change when heated at 
this tem}>. for a long time. The curve showing the Idbb in weight at different 
intervals of time indicates a definite break about the point where the auric 
chloride is converted to the aurous salt. This indicates that aurous chloride is 
probably a definite compound, and not a mixture of auric chloride and gold. 
The important factor in the preparation of aurous chloride is the exclusion of 
water. If heated in dry air, the product is contaminated with metallic gold : 
and this dissociation ia prevented by heating the auric chloride in an atm. of 
hydrogen chloride. 

Y. I*enher showed that not only can auric chloride be reduced to aurous chloride 
by heat, but in the presence of sodium, potassium, magnesium, sine, and cadmium^ 
chlorides, the auric salt is reduced to the aurous condition by sulphur dioxide ; 
AuC^.nMCla+SO^+aHaO—AuCI.?iMCl^+H a S 04 H- 2 H 01 ; and by arsenitea: 
A uCL*. nMCl 8 +Na 2 HAsGij =AuGLwMCl 2 +2 NaCl -j-H 3 AsO*. M, E. Diemer 

also showed that a soln. of auric chloride or hydrochloroaurio acid is bleached by 
sulphur dioxide before metallic gold begins to separate, and this is particularly the 
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cose in the presence of potassium, sodium, ammonium, or magnesium chlorides, 
When the soln. becomes colourless the electrode potential reachesa maximum, ami 
there is a decided break at a point corresponding with the formation of aurous 
chloride, and this is the only break between auric chloride and the complete reduction 
to the metal. These soln. are more stable than those of auric chloride, and it is 
supposed that compounds of the type NaCl.AuCl are formed. 

J, Nicklfcs prepared the salt by J. Pelletier’s processed also by the action of 
manganese pereliloride on the metal. He recommended separating aurous from 
auric chloride by treatment with ether which removes the auric chloride. 
J. C, Leuchs says that he obtained aurous chloride by heatiug auric chloride with 
cone, sulphuric acid, to 21 (^—decomposition begins at 170 s . E. Bose has shown 
that in the presence of metallic gold, there is a state of equilibrium in aq, soln, of 
gold chloride: EAu-J-Auda^SAuCI, which is displaced in favour of the aurous 
chloride by a rise of temp, ; and E. Wohlwill found evidence of the formation of 
aurous chloride during the electrolysis of soln. of auric chloride with varying anodic 
current denriti s. Owing to the accumulation and decomposition of aurous chloride 
at the anode the loss at the anode is in excess of the gain at the cathode. The 
formation of aurous chloride decreases as the current density increases. 

According to F. H, Campbell, aurous chloride is a dark red crystalline solid; 
and, according toM, E, Dierner, the colour is yellowish-white—possibly the difference 
is due to the former being contaminated with a minute quantity of very finely 
divided gold. T. K, Hose gives the sp. gr. as 7 4, and the mol. vol. 32. J, Thomsen 
gives the heat of formation from its elements as 5 + 81 Cals, F. Lcngfeld says aurous 
chloride decomposes above 175° into the auric salt, and F. Meyer, that the dis¬ 
sociation begins at about 170°, and F. W. Schmidt, at about 210*, The dry salt, 
says M. E. Dierner, can be heated to 190° to 200° in an atm. of hydrogen chloride. 
F. Meyer says the dissociation press, at 207* is 6G mm,, andF, Ephraim gave 2&9'5 fl 
for the dissociation temp, at atni. press. 

F, Lengfeld says aurous chloride is insoluble in water, but, according to 
M. E. Dierner, it is immediately decomposed by water, even moist air quickly causes 
the separation of metallic gold : 3AuCl;e^2Au-f-AuC1 a ; and the liquid becomes 
yellow owing to the formation of auric chloride. J. J. Berzelius find J. C, Leuchs 
say that in darkness, and in the cold, the decomposition is slow ; but faster in light 
„and when heated, and complete with boiling water. Aurous chloride is decomposed 
by alcohol, and, according to E, Petersen, the decomposition is slower with alcohol 
than with water; F. Lengfeld also says that this salt is slowly decomposed by 
acetone and by ether, F, H, Campbell found that dry chlorine converted it into 
auric chloride. M. & Diemcr says aurous chloride is decomposed when heated in 
an atm. of nitric oxide or carbon monoxide, forming metallic gold ; with carbon 
monoxide, phosgene is formed ; aurous chloride is slowly deccm|ioscd by sulphur 
dioxide, F. Lengfeld says that this salt is insoluble in dil, nitric ocwf, but decom¬ 
posed, by cone, nitric acid--an auric salt passes into soln., and Home gold remains 
as a residue. Aurous chloride dissolves m hydrochloric and hydrobromie acids, 
and in the alkali chlorides and bromides with decomposition ; the decomposition 
is faster with bromides than with chlorides. J. Thomsen found aurous chloride to 
react with hydrodllora acid: 3AuO fl0l i£iH-HCV=HAuCl 4ih[ .-[-2Au+4-9& Cals. 

' According to F. Lengfeld, if aurous chloride be addon to a soln. of potassium bromide, 
the resulting brownish-red liquid contains l>oth potassium aurichloride and aurl- 
bromide: 4KBr+12AuCl—KAuBri+SKAuCliH-^Au ; aureus chloride also dis¬ 
solves slowly in soln, of potassium chloride. According to M, E. Hiemer, soln. of 
_ potassium, sodium, ammonium, magnesium, and calcium aurous chlorides can be 
made by adding sulphur dioxide to a soln. containing one mol of aurous chloride to 
one of the other chlorides until the soln. is decolorized—some gold is precipitated 
at the same time^-with calcium chloride, however, an excess of about 40 mols is 
needed. The soln. in each case probably contain complex ions, 

J. J, Berzelius obtained what is regarded as potassium auro-chloride, KCLAuCl^ 
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or KAuQ a , by melting potassium ami-chloride, AuCI 3 *KCl, or KAuCJ^ The molten 
salt is brownish-black, and after cooling, yellow. It does not decompose when 
heated to redness in open vessels, but in water or hydrochloric acid, it forms gold, 
potassium, and potassium auri-chloride; it is decomposed by potassium hydroxide 
into aurous oxide and potassium chloride. By dropping an acid soln. of auric chloride 
into sodium thiosulphate, and evaporating the soln. over quicklime, in addition to 
sodium chloride, sulphate* and thiosulphate, fine colourless needles are formed 
which A. Mnllot thought were sodium auro-aurichloridc, 4NaOLAuCLAuCl 3j or 
4NaCLAu a CV The crystals are separated by washing out the sodium aurochloridc 
with alcohol, and recrystallizing* The product is soluble in alcohol and insoluble 
in water, and it is thought to be sodium aiiTOChloride, Nad.AuCL F. Lengfcld 
says a soln. of sodium chloride dissolves aurous chloride with little decomposition, 
forming a colourless soln.—possibly sodium. aurochloride—which is unstable, for on 
standing gold is deposited and the soln. becomes yellow, and then contains sodium 
chloroa urate, NaAuCl 4 . The aurochlorides can also be called chloroauritefl. 

M. E. Diviner says that aurous chloride dissolves in aqua ammonia like silver 
chloride, and when the soln, is acidified with hydrochloric acid, a white crystalline 
precipitate is formed so unstable that it decomposes when dried—its analysis 
corresponds with aurous ammillO-chloride, AuClNH^. The same compound is 
precipitated when an ammoniacal aoln, of one of the double aurous chlorides is 
acidified with hydrochloric acid, When the ammoniacal soln, of aurous chloride 
is treated with a cone. soln. of sodium or potassium hydroxide, there is deposited 
a white fioccutant precipitate which is very unstable and darkens in a few minutes ; 
the partially decomposed substance explodes if heated gently* F* Leugfeld also 
says a white curdy precipitate resembling silver chloride is formed when nitric 
acid is added to the ammoniacal soln. of aurous chloride; the precipitate during 
washing decomposes into auric chloride and gold, F. Herrmann also prepared 
aurous am m mo-chloride, AuCI.NH 3 , by the action of aqua ammonia or auro dibenzyl- 
sulphine chloride, AaStCfl^taCl, and extracting the soln. with ether. The evapora¬ 
tion of the aq. layer over sulphuric acid gives the salt in question. Aurous ammino- 
ohloride decomposes at 150°-2£X)° without melting. It is soluble in aqua ammonia, 
insoluble in water. According to F. Ephraim, aurous diamminCM^llaride has a 
dissociation temp, of 113*ft 0 . N. S. Kurnakoflf studied the constitution* F* Meyer 
prepared aurous dodeca-ammino-chloride, AuCl.l2NH s , by the action of ammonia 
on aurous chloride at “28* ; by gradually raising the temp., it passes into aUTOUB 
triammino-chloride, AuC 13NH 3 , which is a white powder, stable up to 180°, but at 
higher temp, it decomposes into gold, ammonium chloride, etc.; it is decomposed 
by water; diL acids transform it into the corresponding ammonium salt and a 
white curdy substance resembling silver chloride, which is unstable, and is slightly 
soluble in hydrochloric acid and in aqua regia; cone, sulphuric acid first 
dissolves and then decomposes the white substance, Aurous triammino-chloride 
is decomposed by potassium hydroxide, forming a brown explosive substance and 
ammonia* 

According to L. Linrtet, 100 grins, of phosphorus trichloride dissolves a 
gram of aurous chloride at 15°, and about 12'6 gnus* at 120*; he also obtained 
aurous phosphoro-chloride, PC1 3 .AuC 1 or AuPCl 4! by heating aurous chloride with 
an excess of phosphorous chloride in a sealed tube between 110° and 120° ; prismatic 
crystals separate when the liquid cools. The salt is virtually insoluble in water, 
and the assumption that the ions are Au* and PCI/ is based on R. Abegg’s valency 
theory—the positive valencies of pho&pbonia are balanced by the positive contra- 
valencies of chlorine. The compound has the characteristics of a derivative of 
phosphorous add— e.g. it furnishes this acid when decomposed by water and 
the ester aurous phosphoro-triethoxyoJiloride, AuP(OC E H fl )^Cl J when treated with 
alcohol. 1 

Auric chloride, gold trichloride, AuCla.—J, Thomsen made auric chloride by 
treating finely divided gold at 200° with chlorine gas; H* Debray conducted the 
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operation at 300°, and obtained sublimed auric chloride in red needle-like crystals. 
According to G. Kriiss, H. Debray's estimate, 300°, is too high, lor at that temp, he 
a found the gold remains unchanged in a current of chlorine ; and G. KrW de¬ 
scription modified by T. K. Rose of the action of a continuous current of dry chlorine 
on gold at different temp, is as follows: 

As the temp, riflea to I4Q D , a small quantity of a reddish-brown vapour in formed j this 
condenses to a yellowish-red sublimate; if the temp. be mrfmtamed constant, the subli¬ 
mation soon CflfiwH, and the gold is converted into a mixture of aureus and auric chloride. 
When tho temp, is raised to la0 D -JD0 g > this product deccmpotici^ chlorine is evolved, 
green aureus chloride and a small quantity of auric chloride volatilize. As the temp, 
rifles higher, the sublimed crystals form more rapidly m the cool part of the tubes and the 
part tiring heated darkens in colour, until, at 27U , it in almost black, and consists of IuaI i oun 
crystals of outdo chloride, At SiStf 4 ’ there ore signs of deconi]iosition, hut even at SOU 4 ', the 
rate of dissociation is alow. At 1100*, gold chlorido distils slowly, when a current of chlorino 
in passed over metallic gold—the sublimation begins at IOOO° T although gold chloride is 
completely decomposed at a much lower temp. 

The excess of chlorine is removed from auric chloride, prepared by tho action of 
chlorine on finely divided gold, by exposing the product for a day or two in a stream 
of air dried by sulphuric acid and phosphorus penfcoxide, and allowing it to stand 
for several weeks over frequently renewed soda lime, C, ^Vinkler removed the 
excess of chlorine by allowing the product to stand several days over potassium 
hydroxide contained in a desiccator. The aq. soln, forms a neutral soln. with 
water. According to F, Meyer, liquid chlorine converts gold completely into auric 
chloride. Finely divided gold dissolves in aqua regia, and L. N. Vauquelin recom¬ 
mended a mixture of two volumes of hydrochloric acid and one of nitric acid as a 
rapidf solvent for the metal. According to J. J, Berzelius, the excess of acid cannot 
be all removed from the soln. in aqua regia by evaporation without transforming 
some of the auric into aurous chloride; a neutral soln. can therefore be obtained 
only by boiling the residue with, water and filtering off the aurous chloride. The 
product of the action of aqua regia on gold is hydroehloroaurio acid, HAuCl*; 
M, E. Diemer converted this product into anhydrous gold chloride, by heating it to 
200* in a stream of dry chlorine for half an hour. An ordinary soln. of gold chloride 
containing hydrochloric acid is gradually decomposed when heated to lOOVanddhe 
tnotal is formed ; but if a soln. of gold in aqua regia he evaporated to dryness, and 
the residue heated to 20(1° in a stream of chlorine, auric chloride is formed free from 
hydrochloric acid. 

In manufacturing gold chloride, line gold ia treated with aqua regia until the evolution ’ 
of nitrogen oxides has canoed ; and the eoln, none, to a ayrup on a water-bath. It ia then 
taken up with about five volumes of water, and allowed to stand 24 hrs., when a little silver 
chlorido in deposited. The liquid is filtered and again evaporated on the water-bath, until 
a drop of the liquid solidifies to a mass of yellow crystals. The eiystol* which woparate from 
the cooling soln. ore scaled up for sale in “ gram or five-grain tubes,’ 1 and called 11 chloride 
of gold.” The composition is not uniform sinco the crystals t-ontain u variable amount of 
adsorbed water: HAuCl* 3H a O -j- Aq, 

G. Kruse recommended dissolving the gold in chlorine water. C. Winkler passed 
a Blow current of chlorine through water with gold, precipitated by sulphur dioxide, . 
in suspension; the soln. was evaporated in darkness on a water-bath, taken up again 
with water, and filtered from the undisaolved gold. Other mixtures which give off 
chlorine can be employed, thus, J. Nicklfes 4 used aq. or ethereal soln. of manganese, 
cobalt, and nickel perehlorides; A, Baudrimont used phosphorus pentachloride 
and precipitated gold; L, Lindet heated finely divided gold with antimony penta- 
chloride in a sealed tube at 200°. H, B, North heated the finely divided gold with 
an excess of thionyl chloride, BO^CL, for many hours at 160° on an oil-bath. 

According to W. J. Pope,® auric chloride, AuClg, forms small prismatic crystals 
which are deep claret red by reflected light, with no pleochroism; but H. Ambronn 
tays that cone. BOln. between glass plates furnish double refracting crystals with a 
claret-red and bluish-green pleochroism. The oiyatala are deliquescent, or, os 
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Robert Boyle expressed it, they “ rpn in air per detiqwium** T. K, Rose gives the 
Specific gravity 3 9 for the volatilized chloride, and he calculated 4'3 for the fused 
chloride, and the mol. vol. is 70; he also found the melting point to be 233° in 
chlorine at 2 atm. press., and that the presence of aurous chloride docs not have 
much influence on this constant since a mixture of one mol of aurous chloride 
with four of auric chloride melted at 287° ; and at 286° under a press, of 1 81 atm. 
of chlorine. Robert Boyle noted the volatility of gold chloride and obtained t( a 
yellow and reddish sublimate " in the neck of a retort containing gold chloride 
heated on a sand-bath ; and he added, “ sometimes we had the neck of the retort 
enriched with numerous large, thin, red crystals, very like rubies, and glorious to 
behold/’ L, Thompson, F, B, Miller, and S* B T Christy noted the losses which 
occur in chloridizing gold owing to the volatility of the chloride. J, 1\ Prat, 
H. Debray, G. Kruse, L. Lindet, 3nd T. K. Rose have investigated tin 1 , volatiliza¬ 
tion and dissociation of gold chloride. If p denotes the partial press, of dissociated 
chlorine, and p* the vap. press, of the gold chloride, the press. P=p-\-p f at different 
temp, is: 

70 s 7i u 115° £51“ 

p+p' , . 0 2'U5 b-0 138 b&2 7firt 893 135* mm. 

at 286° the press, was 181 atm,, the chloride was molten and bubbling; and at 
332° the press, was 41 atm. From the relation log P =—\QjT+ constant, where 
(} denotes the heat of vaporization, or dissociation, and P the press, of vaporization or 
dissociation respectively, then if at £48°, jj= 165 mm. and p'=538 min., and at 231°, 
p=178 mm, and p'=577 mm. M. Pellaton found the dissociation press, increases 
from 4 h f> min. at 140° to 931 mm, at 260 th , and tlic results can be represented by 
log j)^51'6852— bT~~*—c leg I 1 , where log &--3M1148, and log c=T117057- 
F* A. Henglein gave -IfrWmT-i MK+i mz atm. between ,T2 (415G n K.) 
inm,, and 992’3 (534 l G* K.J mm. At atm* press, the dissociation temp, is 2b4°, 
F, Ephraim gave £56‘5°, and added that if the salt be left under about 100 mm. 
press, at 225°, it acquiring a pale yellow colour, and is changed into aurous 
chloride; and if the product be heated further in the atm. of chlorine, the vap, 
press, reaches one atm. at 289 5*. Hence, aurous chloride is stable in an atm. 
of chlorine only over the range of 33°. H. H. Morris found gold chloride may be 
heated to the critical temp. 370° before metallic gold appears; the presence of 
sodium, magnesium, or calcium chloride increases the stability, for the metal does 
not then appear until the temp, reaches 4£50°'-460°, The increased stability is 
attributed to the formation of double chlorides, W. Bilfcz discussed the dissociation 
* of auric chloride. 

The heat d vaporization of gold chloride is ]3S Cals., and the heat of dissociation, 
12 7 Cols. By subtracting J, Thomsen's value for the heat of formation of aurous 
chloride (5’81 Cals.) from that of auric chloride (22'82 Cals.) the heat of dissociation 
is 17 01 Cals. The calculated value is obtained on the assumption that the heat of 
dissociation is constant and independent of the temp. T. K. Rose showed that 
auric chloride is formed and volatilized at all temp, above 180° up to, and probably 
far beyond, 1100*, G, Kruss stated that both J. P. Prat, and H, Debray were mis^ 
taken in stating that gold chloride is volatilized at moderate temp, because he 
observed no action between chlorine and gold between 220° and 300°, and at these 
temp, gold chloride is completely decomposed, while a reaction begins at 1000*, and 
is marked at 1100*. G Krugs’ observations do not agree with those of T. K. Rose, 
and the latter showed that the contradiction arises from the faulty method employed 
by G. Kruse. T, K. Rose showed that, like mercury, carefully dried gold is attacked 
by chlorine, but the presence of moisture accelerates the speed of dissociation, for 
with the dried chloride equilibrium between 194° and 204* is attained only after 
heating several hours while with undried chloride, less than an hour suffices. The 
amount of auric chloride volatilized in half an hour rises from 0007 per cent, 
at 180° to Q‘3B per cent, at 230°, to a maximum of 232 at 200*; it then falls to 
a minimum of about 0'58 near 590°, and rises again to 1'93 at 1100*. These 
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results are taken to mean that the heat of formation of auric chloride changes 
from positive to negative between 800* and 1000°, and consequently exhibits a less 
tendency to dissociate aa the temp, rises in accord with the rule that a rising temp, 
favours the system formed with an absorption of heat. J, Thomsen found the heat 
Of formation: Au-|-3C1-=AuC 1 3 -122'82 Cals.; the calculated values for the heat of 
formation, Aud3+HCl+3H E 0=—3'55 Cals., and for AnCVbHCH-4H s O=^—6'83 
Cals, j the heat of solution, 4 45 Cals., or AuCl^oq. +HClaq.=AuClg.HClaq. 
-4*53 Cals. ' 

L, Xandet says 100 grins, of water dissolve 68 grms. of auric chloride. The cone, 
sola, is brownish-red, and the dil, soln. is reddish-yellow. The crust which forms on 
the surface of a neutral sola* of auric chloride, contains, according to J, Thomsen, dark 
orange crystals of diftydrated auric chloride, AuCl a ,2H 2 Q h The water of crystalli¬ 
zation is lost over cone, sulphuric acid. According to IV, Hittorf and H, Salkowsky, 0 
the soln. contains the dibasic acid complex, AuCl 3 .TI 2 O s i.e.H s AuOCl 3 ; this acid forms 
with silver carbonate the silver salt, AgjAuOCTg. The transport number of the 
anions for a soln, of approximately one mol per litre is 0 2316 ; for a soln, with O'42 
mol per litre, O'233 ; and for one with U 068 mols per litre, 0 227. It is therefore 
assumed that with cone, sob, the ionization is: HaAuOCj^H-fHOAuClg', and 
with dil. soln,: H a AuOCl^2lL-j-Au0CI 3 ". This assumption has been also suggested 
as an explanation of the change of colour with increasing dilution. The degree of 
ionization is in any ease small; for ^AT-soln, F, Eohlrausch found the equivalent 
conductivity at 18 , A=128 on the assumption that the acid is dibasic ; while if the 
acid is monobasic, the cone, is and and for a aoln. a 100 times more dil., 

viz* —j \N t A—315, which in 10 hrs. rises to A=570, F. Kohlrausch explains these 
high values—higher than hydrochloric acid—hy assuming that the gold chloride 
becomes completely hydrolyzed. 

According to L. Lindet/ both arsenic trichloride and antimony trichlorule dissolve 
about 2'5 per cent, of auric chloride at 15 s , and 22 per cent, at 160*; stannous 
chloride dissolves about 4 per cent, of auric chloride at 160°, and. a trace at 0° ; the 
solubility in titanoufi chloride, TiCl 3 , is also small According to E, C, Franklin and 
C. A. Kraus, auric chloride is slightly soluble in liquid ammonia ; and, according to 
H. B. North, it is soluble in sutphuryl chloride, SO s C1 2t and in a mixture of that 
compound with liquid sulphur dioxide. According to F. W. Schmidt, auric chloride 
is soluble in alcvhfi, ether , and mlatilc oik, but in these solvents it slowly decomposes 
with the reduction and separation of gold, V. Lcnher found it to be insoluble in 
or decomposed by alcohol, ether, carbon disulphide, turpentine, pentane, hewnc, 
chloroform , carbon tetrachloride, ethyl nitrate, benzene, nitrobenzene, rtfiyl acetate, 
ethyl propionate , and pyridine. F, Mylius, M. Frank, and R. Willstattrr arc not all 
in agreement aa to the solubility of auric chloride in ether ; according to W. Hampe, 
when auric chloride is wanned with, ether, a yellow gelatinous mass, soluble in water, 
is formed, and the gold is reduced to auraus chloride and gold. H, H. Morris 
found that gold chloride may be heated with water in a sealed tube up to the 
critical temp., 370 n , before metallic gold appears. In presence of small quantities 
of sodium, magnesium, or calcium chloride, gold chloride is more stable, and the 
reduction to the metal is not observed until the temp, is raised to 450 o - 4G0 ( \ 
The increased stability is attributed to the formation of double chlorides. Calcite 
and magnesite become plated with gold when heated with gold chloride soln. up 
to 31(f. Sodium, magnesium, and calcium chlorides prevent this action from 
taking place until the temp, is raised to about 500^. Magnesium hydrocarbonate 
acts like the normal carbonate, but calcium hydrocarbonate appears to have no 
influence on the stability of a gold chloride soln It was also found that gold 
dissolves in hot hydrochloric acid containing auric chloride; and aurous chloride 
is formed, D. Aveiy studied the precipitation of gpld from soln, of auric chloride, 
by charcoal: 4AuCJ3d-6ff 2 0+3C—4Au4-12HCH-3C0 2 . 

If a neutral soln. of auric chloride be acidified with hydrochloric acid, or if gold 
is dissolved in aqua regia, a citron yellow soln, with a slight orange tinge is formed. 
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The soln. id supposed to contain hydrochloroauric acid, HAud*. Whenever n sob, 
of auric chloride in the presence of hydrochloric add, is cone, by evaporation, and 
allowed to stand over quicklime, long, yellow, deliquescent needles are deposited. 
According to F. Lengfeld , 8 P. Schottfiiiider, and R. Weber, these crystals have a com¬ 
posite n corresponding with hydrocbloroauric acid, A uC^ . HC1.3H 3 0 or H AUCI 4 .3H a 0; 
on the other hand, J. Thomsen’s analyses correspond with Audg.HClAH^O, and 
lie regards the fcrihydratod salt as partially effloresced tetrahydrated salt. The 
eq. conductivity of an approximately normal soln. of hydrochloroauric acid, 
HAuCl*, is A—410 at 13°, while for hydrochloric acid A=^301; and for j£^-HAuCl a , 
A—560, and for yJ-A'-HCl, A—370. The temp, coeff. of the conductivity is 
0 016 in agreement with the values for other monobasic acids. Hydrochloroauric 
acid behaves as a monobasic acid and forms a scries of well-defined salts -chlOtf> 
aui&teti. In the electrolysis of the aq. soln. of the chbroanrates, say the potassium 
salt, the gold accumulates about the anode, the potassium about the cathode; hence 
the ions are taken to be K- and AuCl/. 

The chloroaurates*—The alkali chloroaurates are obtained by adding an cq, 
quantity of the alkali chloride to the solution of hydrochloroauric acid. The 
rubidium and cesium salts are so sparingly soluble that they form precipitates in 
moderately cone. aoln.; it is not material whether the soln. are acid or neutral, or 
whether the gold or alkali halide is in excess. The lithium salt is least stable and 
most soluble, the stability increases, and the solubility decreases with increasing 
at. wfc. of the alkali metal in passing from potassium to cesium. Citron-yellow 
deliquescent crystals of dihydrated lithium chlofoaurate, LiAuG^H^O, went 
obtained by U. Antony and A. Lucchcsi * in 1990. The crystals lose their water at 
90°, and decompose between 100 ° and 105°, Tetrahydrated lithium chtoroauuto, 
LiAuCliAHjjG, was obtained by R, Fasbender by adding ether to a soln. of gold and 
lithium chlorides. T. Rosenbladt’s determinations of tho solubilities of the alkali 
chloroaurates expressed in grams of the anhydrous salt pur 100 grms. of soln. are as 
follows: 


LiAuCk 

N&AuClj 

KAuCI, 

RhAuCl* 

CflAuCk 


10' 

20 s 

au* 

40* 

GO* 

flu" 

IW 
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70 4 
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90 0 
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&0‘2 

802 



4if 

9V 

13-4 

17*7 

26-6 

35’3 

44 2 

0'5 

OS 

1-7 

:t2 

8 2 

lti’3 

27 5 


According to F, Mylius and (I. Hiittuer, and R. Fasbender, the sodium salt is soluble 
in alcohol and ether, but the sodium salt cannot be extracted from its aq. soln. 
by shaking out with ether; 100 parts of 98 per cent, alcohol dissolve 25 partii 
of the potassium salt, but the potassium salt is insoluble in ether which has been 
warned to 1Q0°-’H0 4 to expel the free acid, H. L. Wells and H. L. Wheeler find the 
rubidium and caesium salts to be insoluble in ether, and soluble in alcohol. R. Fas- 
1 lender says 100 parts of 98 per cent, alcohol dissolve 1852 parts of rubidium 
chloroaurate. L. G. Figuier obtained large orange-yellow rhombic crystals of 
dihydrated sodium chloroaurate, NaAuGl^HgO, by evaporating the aq. soln. 
J. 0, G. de Marignac gives the axial ratios a : b : c=0*7002 :1 : 0 5462. Tho crystals 
are stable in air and lose their water of crystallization with difficulty. J. J. Berzelius, 
and J. F. W. Johnston found only 1 T 2 per cent, of water was lost at the m.p. At a 
red heat chlorine is given off. G. Kriiss obtained a citron-yellow hygroscopic 
powder, which he thought to he NaAuCl^.JHaO, by drying the dihydrated salt for 
a week over phosphorus pentoxide. This may be a mixture of the anhydrous salt 
with a little dihydrated salt. 

J. Javal made pale yellow rhombic crystals of dihydrated potassium chloro- 
aurate, KAuC^.SH^O, by the spontaneous evaporation of the aq. sob. H. Topsoe 
gives the axial ratios a : 0 : c=0‘8536 : 1 : According to J. J. Berzelius, the salt 

effloresces at ordinary temp, in air, forming a sulphur-yellow powder, and at 100 °, 
all the water of crystallization is expelled; the salt melts at a higher temp, and gives 
VOL. 11L 2 o 
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off chlorine. There is also a hemihydrate, KAuO^.JHaO, analogous to the sodium 
salt, which is probably the anhydrous salt with a little of the dihydrate, H, L. Wells 
and H. L, Wheeler prepared the anhydrous rubidium chloroaurato and cswinm 
chloroaurate— the former in yellowish-red, the latter in golden yellow, nionoclinio 
prisms ; they also made golden yellow thin rhombic plates of heimhydr&tod caesium 
chloroaurate, CsAuCl 4 iH 2 0, hy using an excess of the gold salt—say four mols of 
auric chloride to one of cesium chloride—with not much free acid. The rhombic 
^crystals of the hemihydrated ciesium salt have the axial ratios a : b : e=-0'62&:1 : 0*24, 
On exposure to dry air the crystals lose water and change to monoclinic prisma 
of the anhydrous aalt. H, L. Wells and H. L. Wheeler say the “ rearrangement 
is a beautiful sight when studied under the microscope in polarized light." 

The crystals at first show a uniform action on polarized light; thm from different parts 
of the Surface tha rearrangement, which ri marked by aggregate polarization, commences. 
It advances, shouting out in various direction# in a manner resembling the growth of am¬ 
monium chloride crystals under tho microscope, until the whole field is covered and light is 
finally no longer transmitted 

The axial ratios of the niouoclinio prisms of potassium chloroauiate are Q:b:c 
—1'918G :1; l'361u and J3=9G° 24§ ; the rubidium salt 11954 :1:07385 and 
0^75° 22'; and of the cocsium salt, 11255:1:07228 and £=71° 30'. In these 
salts the replacement of one metal by another has a considerable influence on their 
form, particularly in the relation of the o-axis to tho other axes, and in the angles /J, 
while the replacement of c®aium and rubidium in the trihalides has very little in¬ 
fluence on the crystal form. W. Bittorf has investigated the electrolysis of soln, 
of potassium chloroaurate. According to F. Ephraim, potassium chloroauiate 
melts at about 367°, but the csesium salt melts at a rather higher temp. At 440°, 
however, both salts have vap. press, of about 350 mm. E II. Duclaux studied the 
caesium salts. 

H. Ley and G. Wiegner, and W. Peters found that potassium chforoaurate, 
KAuCl*, slowly absorbs the eq. ol three mol parts of ammonia, forming orange 
potassium triammiiio-chloroaurate, KAuC^.SNHj, The compound loses the am¬ 
monia in vacuo. According to F. Ephraim, a mol of pale yellow potassium chloro- 
aurate unites with about twelve mols of ammonia at —18°, forming a dark orange- 
red ainmine which effervesces in water with the evolution of free nitrogen. The 
similarity in the behaviour of the alkali ehloroauratos and auric chloride toward* 
ammonia led F. Ephraim to suggest that they are dissociated by ammonia into their 
component halides. F> Emich, and E, Bayer have described a mixed rubidium 
silver Chloroaurate, obtained by mixing a soln. of auric chloride with silver chloride 
and rubidium chloride; it appears in the form of blood-red prisms and plates, 
while ctesium silver chloroaurate forms non-transparent cubes and stars. TEIh 
reaction is proposed as a ruicrochemicel test for cesium and rubidium. The formula* 
are of the type Ag 1 t Au s Hll Cl a 3RbCJ. 

Ammonium chtaroaurates, NH 4 AuCl 3l with 2j and 1 J molecules of water, have 
been made—-the former hy the spontaneous evaporation or by cooling of aq, eoln. 
of the two components, and the latter by using eoln. with a large excess of acid. 
p L. Darmstadter gave the formula for the first-named salt, NH 4 Gl.AuCI 3 . 3 H 2 O, and 
he supposes the pale yellow plates are rhombic with axial ratios, a:b: c— 0*5059 :1 : ? 
while the latter salt, according to H. Topsde, forma pale yellow monoclinic plates 
with axial ratios a : 6 : c=I21D0:1:12492 and /S=102° 33'. Both salts lose 
water at 100°. According to J. F. W. Johnston, the soln. of the yellow ammonium 
salts in aqua regia is almost blood-rod, and on evaporation gives dark red or purple 
necdle-like crystals. With alcohol, ammonium chloride and greenish-yellow 
particles of gold separate, and a red soln. is formed which on evaporation gives 
reddish-yellow prisms which melt when heated and on cooling give a mass of minute 
cubes. Q. K. O. Stow has described a purple sublimate which is formed when a 
mixture of 15 parte of gold-leaf is heated. These substances have not been closely 
investigated. 
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Owing to the insolubility of silver chloride, attempts to make a silver chfaromrate 
by the action of silver carbonate or nitrate and gold chloride have been made. 
In both cases it was anticipated that the salt, AgAuCU, would be formed, but 
P. Schottlander, E, Wohiwill, ¥ t Herrmann, I\ W, Schmidt, and J\ Lengfeld were 
not successful since the products of the reaction appear to be mixtures of gold 
oxide and silver chloride.^ W. B. Pollard ® sat. a soln, of gold in aqua regia with 
ammonium chloride ( and added silver nitrate. More ammonium chloride was added, 
and the silver chlorido at once began to form brown crystals. When the mixture 
was heated silver chloride again appeared, but the brown crystals reappeared on 
cooling. The composition of his crystals corresponded with ammonium silver 
auric Chloride, 3Ag Cl.4 AuC 1 3 .8NH 4 C1 ; they were holohedral and rhombic and had 
axial ratios a : b : c=0'o376 :1:0-3210. The refractive index was 174, H. L. Wells 
modified the method of preparation, and the analysis of his product corresponded 
with (NH 4 ) B Ag 2 Au 3 CI i7 ; he failed to make the potassium aalt, but he made several 
complex caesium silver auric chlorides* 

P H A. von Bousdorff prepared the chloroaurates of the alkaline earths by mixing 
soin, of the component salts in eq, proportions ; on evaporation yellow rhombio 
crystals arc obtained which are stable in dry air, and deliquesce in ordinary air -c.g. 
hexahydrated calcium chloroaurate, CafAuCl^.GHaO; hex&hydr&ted strontium 
chloroaurate, SrfAuCy^ilHnO; and hexahydrated barium chloroaurate, 
BafAuC^Ja-hltjO. The amount of water in the two last-named salts has been 
fixed rather by analogy with the calcium salt than by analysis. W. Crookes pre¬ 
pared thallium chloroaurate, and also scandium chloroaurate* 3SeCV2AuClg, 

Jolin, and M. HoJamnnn made cerous chloroaurate, CcCl^.AuCl^.lSHsO; 
V. FrcricliEj and F. Smith, lanthanum chloroaurate* 2LaCl 3 .3AuCl 3 ,21H20; and 
E. Alibi, LaClg.AuC^. 1011^0 ; C. A. Matignon, yellow- crystals of praseodymium 
chloroaurate, Frl3 a .AuC\10H a O, soluble w water; P, T, Cleve, and C. A- Matignon, 
orange prisms of samarium chloroaurate, SaOl 3< AuCl 3 .l0fI a O i C. Benedicks* 
yellow tablets of gadolinium chloroaurate, GdCl 3 ,AuCJ 3 A0H^(J ; and P. T. Cleve, 
yttrium chloroaurate, YCla.AuOI 0 .16H 2 O. P, A. von Bonsdorif also prepared dark 
brown crystals of magnesium chloroaurate, MgfAuCl^.LZHgO; zinc ohloroauiaie, 
Zn(AuCl 4 ) a+ I 2 H 2 0 ; dark yellow cadmium chloroaurate, Cd(Aud 4 ) 3 ( 12 H a O?}; 
manganese chloroaurate, Mn(Aud 4 ) 2 12H a 0; and dark yellow cobalt and nickel 
chloroaurates. H. Topsoe, however, made crystals of the chloroaurates of these 
salts of the tvpe Ar(AuGh).8EI J! Q J as well as cobalt chloroaurate, Co (Audi*) 
and nickel cfrtoro&urato, The octahydrated salts of magnesium, 

nickel, and zinc are monoclinic and isomorphous, with axial ratios MgjAuClJa-SHjO, 
a : b : c ^ 1 3441 : 1 : I 7f?l7 and jfl - &6 a 1' ; NifAuC^eHaO, a ; b : c 
-=1-3411 : 1 :17562 and 0^=95° 42'; and ZnfAuCUtaSHaO, which resemble 
the magnesium salt, but the crystals are too deliquescent to permit of exact measure¬ 
ment, The crystals of octahydrated manganese chloroaurate are trielinic and iso- 
morphoux with those of the corresponding cobalt salt, but are too deliquescent 
for exact measurement; the axial ratios of CofAuCl^Ja-dH^O arc a:b: c 
M)‘923S :1 : 0 9112, and a=lOl* 25', j9=103° 23', and y^92° 5'. 

\\. Gibbs and F. A. Genth prepared crystals of double sails of auno chloride with 
Juteo- ami xantho-cobalt chlorides. The former precipitates as a yellow salt sparingly 
Soluble in water, soluble in hydroohjorio aoid, and with a composition [Co(NH,),]Ci| r AuCl A ; 
the latter is obtained in brownish-vdlow prismatic oiystala by evaporation ol a mixed 
soln. of the component salts. They have the composition [Co{IfrH ( )|NO J lCl,AuCl 1 . Double 
salts of auric chloride with phosphorus pentaonloride, Au€l*.TGl (J have been made by 
Lh Liudflt; R, H. Pickard and J< Kenyon made double salts of the type 2H t P0 1 .HAuC] 4 , 
where R denotes the organic radicles CH S+ C,H,, C ( tf i+ and CrK r L. Lindct mode 

a double salt with sulphur tetrachloride, AuC1b-3C1| l selenium tetrachloride, AuClj.SeClj f 
silicon tetrachloride, antimony pentachloride, tin chloride, and titanium chloride ; and 
J, J\ find borough, AuClj-NOGl. Numerous compounds of euric chloride with organic 
radicle* are known. 

The properties of add and neutral solutions ol auric chloride.—G. Maro! and 
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A. Eaucon 11 have measured the ultra-violet absorption spectrum of soln, of hydro 
chloroauric acid, and found the rays of the shortest wave length are absorbed; 
there is an absorption band between A=2900 and A=3250 ; and the transparent 
is a maximum between A—2 GOO and A=27UO. T. Svedberg and N. Pihlblad observed 
that the maximum absorption with very diL sob, of hydrochloroauric acid mixed 
with a sob. of phosphorus in ether, is at first displaced a little towards the ultra¬ 
violet, and then as time goes on the maximum absorption is slowly and continu¬ 
ously displaced towards the visible spectrum. There is a continuous change from 
gold sob. with jl known degree of dispersion (sire of particle) and absorption in 
the visible spectrum to hydrochloioauric acid which has maximum absorption in 
the ultra-violet. Awarding to G, Bes&eyrc, the neutral sob. gradually deposits 
decks of metallic gold when it is allowed to stand in a closed vessel in the shade, 
but tile acid sob. remains unchanged. According to E. Sonstadt, light decomposes 
very dil. aq. sob, of auric chloride with the separation of gold, and the formation 
of hydrogen peroxide. I\ Svedberg says that prolonged illumination decomposes 
the sob,, and that ultra-violet light reduces bydrochloroauric acid to colloidal 
gold at a speed proportional to the intensity" of the light, E, P, Permau finds 
radium bromide reduces sob, of gold chloride to the metal. N. W. Fischer observed 
similar results in a closed vessel with an atm. of nitrogen. Sob. of gold chloride 
are very susceptible to reducing agents, some of which reduce the soln. to metallic 
gold, some to gold oxide, others to colloidal gold, A. Gberkampf reported that 
a neutral soln. of gold chloride is coloured purple-red by hydrogen without forming 
a precipitate. There are, however, other contradictory reports—J, L. Proust, and 
G. Schw]eigger-Seidel obtained neither a coloration nor precipitation ; 0. Buisson 
and L, G, Eiguier, and W. J. Russell obtained a brawn precipitate. F. Emich 
and J. Donau reduced the dil. hydrochloroauric aeid by allowing a hydrogen flame 
to play upon it; E, Hatschck and A. L. Simon reduced a soln. of auric chloride 
in silicic acid by hydrogen and coal gas. E. Hatschek and A. L. Simon, and 
J. Donau obtained a red or violet colloidal sob. of gold by passing carbon monoxide 
into a 0'002-0'04 per cent, sob. of auric chloride. M. E. Diemcr reduced the 
warm chloride to the metal with this gas. 

L. Vanino and L, Seemann found that hydrogen peroxide in alkaline soln. 
rapidly precipitates the metal completely: 2AuCI 3 +3H- 1 0 2 -f6K0H=2Au-j'SKCl 
d-6H 2 0-f30 2 , The precipitate appears bluish-black by reflected and bluish- 
green by transmitted light; 00U0G3 grm. of gold in 10 c.c, of sob. gives a bluish- 
red coloration by this reaction. According to E. Knovenagel and E, Eblei, the 
precipitation is not complete in ammoniacal or acid soln.; and L. Rbssler, the action 
in acid sob. is slow, but rapid and complete in the presence of lithium or potassium 
carbonates. F, Doerinckel, and. T, Svedberg and K. lnouye prepared colloidal 
gold soln. by treatment with hydrogen peroxide. According to N, Dhar, auric 
chloride reacts more readily with reducing agents when an oxidizing agent is present, 
e.g. the reduction with hydrogen peroxide is effected in a few seconds if a few drops 
of a sob. of potassium permanganate be added. The action of a sob. of an alkali 
perc&rhonate is likewise affected by the permanganate. 

N. W. Fischer found that sulphur is without action on sob. of gold chloride, 
but if hot some gold is precipitated. W. Skcy reported that gold is precipitated 
from sob, of gold chloride as a thin skin of the metal on the sulphides of copper, 
gold, zinc, mercury, arsenic, bismuth, lead, tin, molybdenum, iron,rand platinum ; 
and P. V. Glsdkoff found gold is precipitated by the addition of copper pyrites 
to sob. of auric chloride, and with dil. sob,, iron replaces the gold in the sob, 
C. Palmer and E. S. Bastin noted that natural sulphides, arsenides and antimonides 
—pyrites stibnite, millerite, lead glance—precipitate gold from auric chloride 
soln. with very different velocities, A. Cossa has studied the action of molybdenum 
glance; V. Lenher, of calaverite, sylvanite, coloradoite, calgoorlite, and nagyagite. 
C. H, Pfaff found that hydrogen sulphide precipitates brown flakes o± auric sulphide 
at ordinary temp, from soln, of auric chloride; with one part of gold in 10,000 
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parts of liquid, a brow coloration is produced; tie colour is fainter with 1 :20,000 
to 1 :40,000; and scarcely perceptible with 1 :80,000. When hydrogen or steam 
containing a very small trace of hydrogen sulphide is passed into a soln. of auric 
chloride, a purple-brown colour is first produced, then a purple-red, and finally 
a violet colour. According to A. Levol, and U. Anton y and A. Lucchesi, aurosoautic 
sulphide is precipitated from cold soln., and metallic gold from hot soln. According 
to A. Pitta, hydrogen sulphide precipitates auric sulphide, Au 2 Sg, only from acid 
soln,; in neutral soln,, the first few bubbles of hydrogen sulphide give a brown 
coloration and the sat. liquid is transparent and can be filtered without changing 
tho colour, but after standing 24 hrs. in a closed vessel, the particles coagulate. The 
addition of hydrochloric acid to the brown liquid precipitates gold as a black: powder, 
Tn general, hydrogen sulphide preeipitataa brown metallic gold from hot soln. of 
gold chloride: 8AuCI 3 13H 2 S+12H 2 0=24HCI^3H2S0 4 -|-8 Au; and, according 
to J. Jj, Lassaigne, black gold sulphide is precipitated from cold soln. : BAuCIg 
-f9H 2 S-|'4ll 2 0=24HCl-f-II £ S04-(-4Au 3 S 3 ; the disulphide ia sparingly soluble 
in aoida, but dissolves in aqua regia ; it is sparingly soluble in ammonium sulphide, 
but soluble in soln. of potassium sulphide, forming a soluble Bulpho-aalt, KAuS 2j 
from which hydrochloric acid precipitates yellowish-brown sulphide, Au 2 Sg. 
Ammonium sulphide gives a black or brown precipitate of auric sulphide which is 
soluble in an excess—especially on warming ; SOdiuttl thiosulphate* said H. Fizoau, 
precipitates auric sulphide, Au 2 S 3 , from soln. of auric chloride. According to 
P, Berthier, and 0. Winkler, sulphur dioxide reduces neutral or acid soln. of gold 
chloride, 2AuCl 3 -|-3H 2 SCtj +3H 2 0 —3H 2 SO4-bfiH01-h2Au, so that the liquid in light 
appears to have a bluish opalescence; on boiling, gold is deposited an a brown powder. 
H. Kose said that in the cold very dil soln. arc only decolorized, and when heated 
they are reduced ; and H, W. F. Wackenroder added that if very dil„ and a great 
excess of hydrochloric acid is present, tho soln. remains quite dear, and gold is pre¬ 
cipitated when the soln, is diluted, or the acid neutralized with ammonia. M. E. 
Dernier andV. Lenhcr showed that with many chlorides, aureus chloride is an inter¬ 
mediate stage in the reduction. N.Dhar found that the reduction of auric chloride by 
sulphurous acid is accelerated by potassium permanganate. According to A. Haase, 
if a cone. soln. of gold chloride, sat. with ammonia, is treated with sulphur dioxide, 
a voluminous flesh-coloured precipitate of ammonium aurosulphite is formed, 
P. Berthier said that alkali sulphites act like sulphurous acid ; and H. Rose, that 
the reduction occurs only with a prolonged boiling and if the soln, is sat, with 
hydrochloric acid, E, Hatschck and A, L. Simon prepared a gold ™1 by reduction 
of dil. auric chloride with sulphur dioxide. 0. Brunck used sodium hyposulphite 
as a reducing agent in the preparation of colloidal soln, of gold. N. W. Fischer 
found selenium acts on gold only when the soln. is hot, while R. Hall and V, Lonher 
found that tellurium reduced cold soln. ; and V. Lenher, that hydrogen telluride 
reduces the salt to metal. 

Aq< ammonia or ammonium carbonate precipitates most of the metal as dirty 
yellow fulminating gold, [Au(NHjO gfOHyOH, which ia the more soluble the greater 
the acidity of the soln.: HAud*-|-6NHg+3H*0—iNI^Cl-J-[Au(NH,) 2 (0H) 2 ] OH, 
the precipitate explodes when warmed or by concussion. II. Rose found that 
many organic substances—gum, glucose, canc sugar, eta.—retard the precipitation. 
According to C. Winkler, A. Lalner,and E. Knovenagel and E, Ebler, hydroxlyamine 
or hydrazine in alkaline ammoniacal or acid soln. reduce auric chloride to metallic 
gold. A. Gutfoier and F. Resenscheck used phenylhydrazme for the preparation 
of gold hydrosolfl, A. Gutbier obtained blue, very stable gold hydro&ol by adding 
a dil. soln. of hydroxylamine or hydrazine hydrate (1 :3000) to a neutral soln. 
of auric chloride (1 :1000), avoiding an excess of the reducing agent. The reduction 
by hydrazine has also been studied by T. Svedberg and K. Inouye, and E. Poazi- 
Escot. K W. Fischer found that nitric made or the fumes of nitric acid reduce 
neutral and acid soln. to gold. M, E. Diemer reduced auric chloride to the metal 
by warming it in a stream of nitric oxide, N. W, Fischer, and P. E. Jameson 
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observed that potassium nitrite precipitates the gold from auric chloride soln. 
rapidly and completely ; and, according to E, Friimy, nitrons add or arsenic add 
gives a precipitate with cone. soln. of gold chloride, and at 15U C the mixture gives 
ofi chlorine, and forms aureus chloride and the metal; on account of its volatility 
nitric acid does not act in the same way, J. Juncker and P. J. Macqucr observed 
that phosphorus precipitates gold, as also do phosphorous add and hypophos** 
photons add ; the reactions were studied by A. Sieverts, and M> Major. M, 0, Lea 
added 15 c.c, of a 10 per cent. aoln. of sodium bypophosphite to 1 c.c. of auric 
chloride (01 grni, of gold), and a drop of sulphuric acid, and in 2-A min,, as the soln, 
darkens in colour, 30 c.c. of water. The resulting hydrosol of gold is first green and 
then blue. According to H. Rose, phosphine precipitates metallic gold, and he con¬ 
tradicts the statement of A. Obcrkainpf that if an excess of phosphine is used some 
gold phosphide is formed. P, Pascal found that the alkali ferropyrophospEates— 
e.y, K e Fc 2 (P S! 07 ) 3 —reduce gold salts in the cold, and with dii. .win. of the gold salt, 
the metal remains in the colloidal condition. E. Soiihciran, and V. A. Jacquelain 
say that orsilift precipitates the gold after forming arsenioua acid : ^AnCl^-hAsHa 
+3H 2 0=As(0H) a -f(iHClH-2Au; with fftibine, the reaction is represented : 
SAuClj-bSbHg^SbCl^-J-SHCl-h^Au. A. Lcvol said that wmigim oxide in a 
aoln. of hydrochloric acid precipitates gold slowly in the cold', rapidly when 
heated; and E, Rupp represented the reaction, SAs^Qs-HAuClg-j 
+12HCi-f4Au. According to A. Carnot, if a few drops of a dil. soln. of gold chloride 
be treated with a drop of arsenic acid, a few drops of ferric chloride, and two or three 
drops of hydrochloric acid, and then dil. to 10U c.c, and a piece of zinc dropped in 
the liquid, the soln. around the zinc will assume a purple colour. The zinc should 
be moved about so as to disseminate the colour; (HXJ0G3 grin, of gold in 10 c.c. of 
liquid con be readily detected in tins way- with phosphoric acid in place of arsenic 
acid—the coloration is blue to violet. V. Lenher found that in the presence of 
sodium chloride* manganous chloride, etc., yellow soln. of auric chloride are reduced 
to a colourless soln. of a double salt of aurous chloride. Antimonious chloride 
precipitates a gold-coloured powder from dil, eoln, of auric chloride, but a soln. 
of antimonious oxide in hydrochloric acid does net reduce the gold chloride. A 
soln. of ontimonic oxide in hydrochloric acid docs net reduce gold chloride soln. 
of potiosnim or sodium hydroxide gives a black precipitate which docs not change 
on boiling. A. Stiihler reduced a cone, soln, of auric chloride by adding a few 
drops of a soln. of titanous chloride and obtained a violet powder of titanic oxide 
coloured with colloidal gold. 

From the position of gold in the electrochemical scries it might be anticipated 
that most of the metals will displace the gold from soln. of auric chloride, and thi* 
is in accord with the behaviour of the base metals ; even mercury, silver, palladium, 
and platinum precipitate the metal as a brown powder or as a surface gilding. 
According to V. Lenher, active metals like magnesium, aluminium, zinc, and iron, 
precipitate gold directly; while the inactive metals like antimony, bismuth, cadmium, 
Lead, copper, and mercury, act more slowly, probably with the intermediate forma¬ 
tion of aureus chloride. 0. Bouasin studied the precipitation of gold by magnesium ; 
N. W. Fischer noted that zinc rapidly precipitates gold aa a brown powder; cadmium, 
slowly; mercury* slowly with the formation of gold amalgam, N, W, Fischer also 
noted that arseuio precipitates gold rapidly; antimony and bismuth, slowly - with 
the two latter, gilding occurs. C. L. Lesage says that gold salts give a purple 
coloration with arsenic, antimony, or bismuth. N. W. Fischer and J. Pelletier say 
that tin precipitates metallic gold or purple of Cassius or both, and, according to 
N* W, Fischer, lead rapidly precipitates dendritic gold. According to M. Dauve, 
aluminium forms colloidal gold. N, W, Fischer also noted that manganese reduces 
gold salts rather feebly; iron and OOb&lt rapidly precipitate gold as a brown powder; 
and nickel behaves similarly, but more slowly. C. Winkler found that spongy or 
strongly heated nickel or cobalt do not precipitate eq. amounts of gold, for the gold 
always contains some nickel or cobalt. Reguline cobalt or nickel which has been 
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fused in the oxy-ooabgas flame, precipitates in 12 to 24 hrs, virtually pure gold, 
while if the nickel or eobalt contains iron, ferric chloride passes into soln., and if the 
soln* is warm, some baric ferric chloride may be formed, and the precipitated gold is 
contaminated with iron, N, W* Fischer found that copper, silver, and palladium 
precipitate gold, platinum reduces gold from neutral soln. and from soln, of sodium 
chloroauiafce, but not from acid soln. ; and he also found that the platinum is active 
after it has been boiled wjth hydrochloric or nitric acid or aqua regia, but not after 
boiling with sulphuric acid. E* F. Smith found finely divided molybdenum pre¬ 
cipitates gold from soln* of gold chloride, and that finely divided tungsten acts 
slowly, but rapidly in alkaline eoln. M. Lazowsky found soln. of auric chloride 
to he reduced by charcoal, and the gold is deposited on the carbon. The reduction 
has also been studied by A* Liverridge, W. 0, do Coninck, A. Tingle, 8, BrusHoff, 
G, A. Koenig, D. Avery, M, Green, etc. H, Koch has shown that the gold in adsorbed 
by the various forms of charcoal when the quantities of gold in soln. are extremely 
small. The results with dil. soln* of sodium chloroaurate are in accord with the 
ordinary adsorption formula. This property of charcoal was employed by H. Koc h 
to estimate the quantity of gold in sea-watera* 

JT. Rose, in his AvtffvtkrLwh&a Hardbuch dm analytischen Cfiemie (Braunschweig, 
1851), stated that potassium feiTOCyanide gives an emerald green coloration with 
soln* of gold chloride and potassium fomeyanide gives no precipitate ; E. Ere my also 
said that no precipitate is formed, and E. Jordis, in his Btectwlyni um&eiriger JllrtaU- 
nM&aWiyen (Hallo a. S., 1901), gave the theoretical equation : 4AuCLjd~3K4FeCy e 
^Au 4 (FeCy e ) 3 +l2KCl* According to E* BeuteL’w study, the nature of the reaction 
between hydrochloroauric acid and potassium ferrocyanido is dependent upon 
the relative proportions of the reacting constituents. The colours produced—yellow, 
brown, blue, or green—are at first clear, and become turbid on exposure to light, 
and if the mixture be allowed to stand long enough, a precipitate is always 
formed* Direct sunlight accelerates the speed of the reaction in a very marked way. 
E. Beutel made up soln. A with 10 grins, of hydroehloroaurie acid per litre, and 
soln, B with 10 grms. of potassium ferrocyanido per litre* Mixtures ranging from 
25-d to 3-4+B give uiainly aurous cyanide ; with the soln, gradually changes 

from light green to dark brown ; and it remains in this state a long time in diffused 
daylight without forming a precipitate, but on exposure to sunlight the colour 
changes to emerald green, dark blue, and finally deposits a blue precipitate. The 
emerald green soln, obtained with A+2B gradually deposits blue ferric ferrocyanide, 
leaving a yellow liquid containing an excess of the ferrocyanido ; the reaction is 
hastened by warming. Similar results were obtained with J4-3R to &B t but the 
blue precipitate takes longer to form* Green soln, were obtained with A+lDB to 
2&B, and these deposit small amounts of ferric hydroxide on exposure to sunlight 
leaving a yellow soln. of potassium ferro- and forri-cyanide. The reaction with 
ferricyanido seems to be similar, but It has not been studied in detail. Accord¬ 
ing to G. MaB&aron (1898), gold chloride gives chlorine not chromyl chloride when 
treated with potassium diohromate and sulphuric acid. 

When potassium or sodium hydroxide is added to a cone, soln, of gold chloride, 
a reddish-brown precipitate of auric hydroxide is deposited: AuCl a -b3K0H 
=3KCl+Au(OH) 3 * This precipitate looks like a ferric hydroxide precipitate; and 
it is soluble in an excess of the alkali lye as alkali aurafce— e<$. KAuO a . Dil* soln* 
of gold give no precipitate with alkali lye because the amount of alkali added 
suffices for the formation of the soluble aurate. According to A. Oberkampf, 
and J. Pelletier, barium, strontium* calcium, or magnesium oxide precipitates 
yellow auric oxychloride or, according to J* B. A. Dumas, auric hydroxide; the 
precipitate is contaminated with the alkaline earth* According to L. G* Figure?, 
and A. S* Duportal and J* Pelletier, cold soln. of the alkali carbonates or 
bicarbonates do not precipitate gold from soln* of aurio chloride, but when 
boiled, L. G* Figuier found a precipitate of gold hydroxide* E. Desmarest found 
that when calcium carbonate (marble) is moistened with a soln. of gold chloride 



'600 INORGANIC AND THEORETICAL CHEMISTRY 

there are no signs of a reaction in daylight, hut in sunlight, or when warmed, a 
purple colour appears According to H, H. Morris, calcite and magnesite become 
plated with gold when heated with gold chloride to 310°; the presence of sodium, 
magnesium, and calcium chlorides prevent the action taking place until the temp* 
reaches 500°. Magnesium hydrocarbon&te acts like the normal carbonate, but 
calcium hydrocarbonate appears to have no influence on the stability of a soln. 
of auric chloride. H. Rose found neither barium carbonptti nor sodium phosphate 
is affected by gold chloride soln. According to H. H. Morris, a soln. of gold chloride 
is decomposed when heated in a steel bomb to about 3G5°, the critical temp, of 
water, but if sodium or magnesium chloride be present, the decomposition temp, 
is raised to 450 U “460 Q . If heated in the presence of calcite or magnesite, the minerals 
become plated with octahedral dendritic crystals of gold. Sodium orthophosphate 
does not give a precipitate with soln. of auric chloride, and, according to J, F, Person, 
the latter soln. remains quite clear if it is mixed with sodium pyrophosphate, but 
the mixture is decolorized when heated. Alcohol precipitates sodium chloride, 
and, when the soln* is evaporated under conditions where organic matters arc 
excluded, crystals of sodium chloride first separate, then sodium pyrophosphate, 
and finally a syrup is obtained containing sodium, gold, and pyrophosphoric acid 
in the proportions 2(i: 92 : 75, possibly Na a Au4{P 2 0 7 ) 5 , sodium pyraphosphafo-amte* 
According to W. Gibbs, if this soln. is treated with aq. ammonia, a white precipitate 
appears which Tapidly becomes yellow and crystalline. Its composition is given 
ns 3Na a 0.14Au 2 0 3t 6P 2 O & ,14NH s ,24H a 0—judiim ammino-pyrophosphalo-aMratf!* It 
is stable at ordinary temp,, but explodes vigorously when heated to 170°. If a 
soln. of sodium aurate is poured into one of sodium silicate, P h P H von Wcimarn 
found that after some minutes the yellow colour disappears, and a U l per cent, 
soln. remains clear for some days. The reaction is here regarded as involving the 
Sdbstreduktion von Auricltlorid . 

According to V. linker, organic reducing agents—formic acid, formaldehyde, 
etc.—as a rule, reduce auric chloride to the metal, and not to aurous chloride; 
while the inorganic reducing agents—sulphurous and arsenious acids- reduce 
auric to aurous chloride, although some carry the reduction to the metal stage. 
Gold chloride soln, are reduced to metallic or colloidal gold by many organic sub’ 
stances. N. Dhar found that the reduction of auric chloride by organic acids— 
oxalic, tartaric, citric, and malonic acids— is hastened in the presence of an oxidizing 
agent like potassium permanganate. J. Pelletier and E, Friwo^nik found oxalic 
acid, (COOH) s or ammonium oxalate* completely precipitates gold from neutral 
or acid soln., slowly in darkness, rapidly in light or when warm : 2AuOl s -h3(COOH)2 
=GHCb[~dGO£+2Au, according to II. Roue, a large excess of hydrochloric acid 
or alkali chlorides hinders the precipitation. 0, A. L. do Bruyn prepared colloidal 
soln, of gold by using a dil. soln. of gold chloride, gelatine, and oxalic acid. Accord¬ 
ing to B. Morin and V, Lenhcr, formic add and potassium formate do not precipitate 
all the gold from dil, soln. ; and even if boiled with an excess of the potassium 
salt, about one-third of the gold escapes precipitation. V. Lenhor noted that in 
acid soln. metallic gold is precipitated by formic acid only after long standing, 
while in alkaline soln. the action is quicker, but even then it is slow. Lactic, acrylic, 
pyroracemic, and phenylacetic acids behave similarly. J. J. Berzelius found that 
pyroracemic acid precipitates gold completely from hot soln. J. Pelletier found that 
potassium tartrate, acetate, or citrate precipitates metallic gbld without the evolu¬ 
tion of carbon dioxide; but, added R. Phillips, sodium tartrate requires heat to 
start the precipitation which then proceeds rapidly, N, Awerkieff, and J. Pelletier 
showed that the presence of an excess of hydrochloric acid retards the action of 
all these reagents. According to H. 0. Neiah, OT-Ditrobenzoic acid does not pre¬ 
cipitate gold from a soln. of auric chloride. V, Lenhcr found that with acid soln, 
of gold chloride formaldehyde is without appreciable action oven after the mixture 
bad stood for some months, but with alkaline soln., gold is precipitated at once. 
R. Zsigmondy, F, N, Schulz, C. Thomae, F. Kiispert, and A. Gutbier have prepared 
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gold hydrosols b j means of this reagent. According to G. Armani and J. Bafboni, 
the violet coloration with formaldehyde is produced if one part of gold is present 
in 100,000 parts of liquid. Similar results were obtained with other aldehydes. 
For instance, F, Hartwagner found that acetaldehyde reduces acid and alkaline 
edn. of auric chloride, forming colloidal soln,, and N. Castoro used acrolein for the 
same purpose. According to V* Leuhcr, valeric, anisic, benzylic, salicylic, and cin¬ 
namic aldehydes are immiscible in water, and they extract the auric chloride from 
its aq. soln. as much as ether or carbon disulphide extracts bromine or iodine. The 
ketones behave like the aldehydes in acid and alkaline soln. and the immiscible 
ketones— acetone, methyl-ethyl-ketone, methyl - butyl - ketone, acetylacetone, 
acetophenone, and pulegone —extract gold chloride from its aq t soln. Some of the 
insoluble esters—ethyl* isopropyl, bulyl* and isobutyl acetates, diethyl oxalate, 
amyl formate, ethyl malonate, succinate, mutate, or acetoxalate— atao extract gold 
chloride from its aq. acidified soln.; but with mixed esters— methyl* ethyl* or amyl 
benzoates ; and methyl or ethyl salicylate— no extraction occurs. The immiscible 
alcohols- -butyl, isobutyl, capryl, amyl* tertiary amyl, benzyl* or valeryl alcohol 
—extract auric chloride from its aq. acidified soln., with soln. of gold chloride. 
The partially miscible alcohols— propyl* isopropyl, secondary butyl, or ally! 
alcohol— which. on the addition of magnesium or sodium chloride separate into 
two layers, the gold suit collects in the alcohol layer. According to N. Castoro, 
allyl alcohol gives a pale red coloration with acid soln. of gold chloride. M. Muller 
used glycerol os reducing agent for gold hydrosols. L. Vauiiio prepared colloidal 
auta. of gold with methyl alcohol as reducing agent. L. Garbo wsky, A. Hanriot, 
and F. Henrich found that the phenols—hy&oaumcue, resorqin* paracresol* etc. 
--quickly precipitate gold from acid or alkali soln. No reduction or extraction 
occurs with methylene dichloride, methyl iodide, chloroform* carbon tetrachloride, 
amyl bromide, acetylene tetrachloride, or tetrabromide, monobromobenzene* 
benzoyl chloride* or benzyl chloride. Carbon disulphide does not extract gold 
from its aq. soln. ; thiophene does. K. IicdeTer obtained a feeble turbidity with 
diphenyl selenide* According to V. Lenher, the immiscible cyanides— methyl, 
ethyl, or benzyl cyanide, or benzomfcrile -extract gold from its aq. soln., but they 
exert no appreciable reducing action. Tho aliphatic amines have not a pronounced 
reducing action, but the aromatic amines— aniline, naphthylamine, dimethyl- 
aniline, ethyl-aniline, 0 - or m-toluidine —precipitate gold from acid or alkaline 
soln. Pyridine, piperidine, and picoline, with sodium chloride or hydroxide, 
form two layers with aq. soln. of gold chloride, and the organic solvent retains 
the gobi salt. According to J. E. Saul, a O’ I per cent. win. of /r-phenylenediamiud 
coloured a O'OQGl per cent, soln, of auric chloride greenish-yellow, and, according 
to K. J. Carney, tetramethyldiarmnodiphenylnwthaM gave a purple colour in the 
presence of O'UOOL grin, of gold. 

All the sat. hydrocarbons which have been tried exert no appreciable reducing 
or extracting powers on soln. of auric chloride. According to H, Erdmann and 
P, Kothner, acetylene colours soln. of auric chloride dark reddish-violet, and a 
black precipitate is formed which when heated gives a amell of aldehyde nr par¬ 
aldehyde ; J. (1 Blake obtained a colloidal soln. with acetylene as precipitant, 
and the some reducing agent was utilized by W. R. Whitney and J. P. Blake, and 
by E. Hatschek and A. L. Simon. 

0, H. Pfaff found that gallic acid, and H. Roar that pyrogalld colour a soln. 
of auric chloride yellow, then brown, and finally precipitate the gold. According 
to Count Rumford* ether and volatile Oils precipitate gold only in sunlight or when 
warmed, say to 100°, F. Mybus found that ether extracts over 90 per cent, of 
hydrochloroauric acid from its aq. soln. if at least 2 per cent, of hydrochloric acid 
is present. Tim solubility of auric chloride in the presence of copper is depressed ; 
according to F. Mylius and C. Hiittner, this is duo to the formation of SAuCla.CuCl^. 
According to J. L. Proust, sugar, maxmite, and decoctions of various dye-woods, 
form reddish-purple precipitates of gold. 



According to B. Morin, st oidinaiy temp., fawns sa/ts completely precipi¬ 
tate the gold as a brown powder imm neutral or acid sok.: AuCl i -(-3FeSO i 
^FestSO^-fleCLj+Au. According to 3 . L* Lassalgne, a soJn. with one part 
of auric chloride in 40,(300 parts of liquid gives a brown coloration; with 1:80,U0U, 
a sky-blue coloration; with 1 :160,000, a pale violet, even by reflected light; 
with 1: 320,000, a pale violet; and 1:640,000 produces a scarcely perceptible 
violet tinge ; and, according to B. Morin, hydrochloric ( acid favours the action, 
while in hot soln. the gold is coagulated- According to H> Bose, a very few feirous 
salts reduce gold chloride sob. in the presence of alkali chlorides, and the addition 
of ferrous sulphate to a sob. of gold chloride in alkali lye gives a black precipitate 
of ferric auioua oxide ; with very dil. sob, a purple colour is produced rivalling 
in sensitiveness that produced by stannous chloride. II r Host) also stated that 
manganese, nickel, and cobalt sulphates produce similar results. A. D, Brockaw 
(1913) observed that manganous chloride precipitated gold, while L* L. do Konincfe 
(1881) showed that manganous sulphate or chloride reduces gold soln. rapidly in 
sunlight, slowly in darkness. W* O. do Coninck found that light or heat has very 
little influence on the reduction of gold salts by manganous sulphate, and that 
heat has very little action on the reduction with manganous chloride. Stannous 
chloride precipitates finely divided gold from dil. or cone, acid or neutral soln* 
of gold chloride* The precipitate—purple of Cassius—is at first reddish-purple 
and then changes to brown ; the brown becomes purple again if nitric acid be added. 
Purple of Cassius is a mixture of tin oxide with very finely divided gold: 2Au(Ji 3 
+3SnCl a =33nCI 4 +2Au + 1 According to J* L. Lassaigne, a soln* with one ^rt 
of gold in 10,000 parts of liquid gives a red precipitate ; with 20,000 to 4O f 0(K) parte 
of liquid a claret-red coloration ; with 80,000 parts of liquid a brownish-red colora¬ 
tion ; with 160,000 to 320,000 parte of liquid a pale brown coloration; and with 
640,000 parts of liquid a scarcely perceptible coloration. Aff ording to C. Biusson, 
a mixture of auric chloride with antimony trichloride, or bismuth chloride and 
hydrochloric acid, gives a purple precipitate with ferrous sulphate or mercurous 
nitrate; but E. D. Desmarest says that a precipitate is produced, but no purple 
coloration. According to J. L. Proust, a soln* of cuprous chloride in hydrochloric 
acid, and, according to C, Lowig, a sob* of cuprous bromide in hydrohroimc acid, 
precipitate gold—the former reagent was used by W* O, dc Coninck for preparing 
a colloidal gold sok, J. L. Proust also stated that mercurous nitrate gives a 
dark blue flocoulent precipitate, which, after calcination, is bluish-black gold 
powder containing gold, mercury, and chlorine ; according to N, W. Fischer, 
mercuric oxide and red auric oxide ; and, according to L. G* Figuier, aureus 
oxide. J. L. Proust also stated that the precipitate produced by mercuric 
nitrate is a mixture of auric oxide, mercurous chloride, mercuric oxide, and water. 
J, Pelletier noted that silver nitrate or silver sulphate precipitates a yellowish- 
brown mixture of auric oxide and silver chloride from neutral soln. of gold chloride. 
According to J. Jacobsen, the pale brown precipitate is 4AgCI.Au(0H) a , L. Vanino 
and 1. Bossier reduced auric chloride to aurous chloride by heating it to about 
200°; when a soln. of O'OflS grm. of auric chloride in a litre of water or acetone 
is heated on a water-bath for about half a day, a mirror of gold is formed by what 
is called the Setibstoxydution wm Aurochlorid. J. Pelletier found potassium Iodide 
precipitates yellow gold iodide, and A. Pleischl obtained a similar precipitate four 
hours after the addition of hydriodic acid to auric chloride. Potassium cyanide 
gives a yellow precipitate soluble in excess; mercuric cyanide gives*no precipitate 
with aq. soln., but H, Rose said that a yellow precipitate is formed if mercuric 
cyanide be added to a soln* of auric chloride in aq. alcohol. 

According to V, Lenher, the photographic developers— pyrogullol, hydio- 
aninone, rikonogen, met&qninone, edinol, ortol* glycine, dianol metol, aduid, 
and amidol —either acid or alkaline, instantly precipitate gold from auric chloride L 
sote* V. Lenher further found that ethylcyano-acetic ester, epichlorhydrin* 
acetic anhydride, paraldehyde, dtral, guatecol* acetone cyan hydrin, and amyl 
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nitrate extract gold chloride from its aq. sob,, while amyl ntirate, nitrobenzene 
partially extract gold chloride from its aq. solo.; and ethyl diohloroacetate, ethyl 
crichloroacetone, ethyl chlorocarbonate, nitromethane* ethyl nitrate, nitro- 
toluouo, aUjl mustard oil, phenctole* and anethole, arc without extractive power; 
tributyrin distributes the gold chloride in two layers; while pyrrol* amsidine* 
phenetidlne* /3-benzaldoxime, and phloroglucinol more or lees quickly reduce auric 
chloride sob* to metric gold \ and vanillin, methylvanillin, and ooumarin 
precipitate gold from alkaline sola., hut in acid soJn. vanillin alone gives a reddish- 
brown precipitate which is insoluble in water and in dil, acid. K. A. Hofmann and 
D. Storm observed that tnlormaltruazinfi reduces alkaline soln. of gold chloride. 
M. Wunder and V. Thuringer found dimothylglyoxinie precipitates gold quantita¬ 
tively fratn acid bo In. of the chloride. A. Level found that chloral hydrate pre¬ 
cipitates gold quantitatively in alkaline sob.* but. according to F. Hartwognnr* 
reduction occurs in acid sob. (1 Malafcesta and E. di Nola say that a soln. of a 
gram of benzidine in 10 c.o. of acetic acid and 50 c.c. of water gives a deep blue 
coloration with dil. soln. of gold chloride, and that the colour gradually turns violet. 
M. Eogicr and M. Fiore say that sodium glycerophosphate gives no precipitate with 
gold chloride. 
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§ 17, Gold Bromides 

Gold forme two bromidea, atirous bromide, AuBr, and auric bromide, AuBr 3 , 
which are analogous in many respects with the corresponding chlorides. There 
iti also an aurosoauric bromide, or gdd dibromide, Au^Br 4 , or AuBr^, or aurous 
bromo&tirate* Au(AuBr 4 ), which resembles the corresponding aurosoauric chloride, 
and concerning the individuality of which there is some doubt. J. Thomsen 1 
claims to have made black or steel blue aurosoauric bromide by the action of bromine 
on. finely divided gold, and subsequently evaporating of! the excess of bromine. 
F. Lengfeld^ directions are : 

Gold is first prepared by precipitation with ferrouu sulphate, washing, and drying 
& vacuo over phosphorus pentoxido for two weeks. (3 J2BO gnus, of this gold are treated 
with on excess of bromine in a covered crucible, and the excess of bromine afterwarda 
expelled by a stream of dry air. The product ts kept over phosphorus pentoxido, in vacuo, 
until its weight is constant. The operation is repeated. 

According to E. Pbterson, aurosoauric bromide decomposes at 115 s into bromine 
and auious bromide, its heat of formation from aurous and auric chloride is —3‘B6 
Cals.; it is decomposed by water, first into auric and aurous bromide, and the 
UtteT is then decomposed into gold and auric bromide; a similar result is obtained 
by the action of dry ether, according to F. Lengfeld; at 0* the attack by ether is 
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slow, and it is readily decomposed by many organic solvents. F, Meyer denies 
the existence of aurosoauric bromide, and G. Kriisa and F. W. Schmidt regard it 
as a mixture of auric bromide and undissolved gold, E. Petersen thinks that the 
thermochemical data do not support the view that it is a mixture of Au-f 2AuBr 3 
or of AuBr-bAuBr 3 . 

Aureus bromide or gold monobromide* AuBr.—J. Thomsen 2 prepared anrous 
bromide by heating hydrohromoauric acid up to the m.p r | and after cooling, again 
raising the temp, to 300° ; and F. Lengfeld heated hydrobramoauric acid for 3 hrs. 
on a water-bath, and then 12 hrs, at 105°; no auric salt is left, but usually a little 
gold remains. F. W. Schmidt obtained the same compound, by heating auric bromide 
with cone, sulphuric acid up to 200° -utde aureus chloride. Aureus bromide is 
a yellowish-grey crystalline powder which, according to F. W. Schmidt, decomposes 
when heated to 165°, or, according to J. Thomsen, 115°. F. Meyer says the dis¬ 
sociation temp, is 211° to 370 a ; and that it volatilizes at 270°, collecting on the cooler 
parts of the tube in fine needles. The heat of formation, according to J. Thomsen, 
is - Au+Briifl.=AuBr— 30 cals. Aureus bromide is insoluble in water. The action 
of water on aureus bromide is similar to its action on aureus chloride. According 
to F. Lengfeld, gold bromide dissolves in soln. of potassium bromide,forming complex 
ions—possibly AuBr 2 —and finally gold and potassium bromoauratc. The alkali 
chlorides act similarly. Aureus bromide is insoluble in nitric acid and sulphuric 
acid. It is soluble in aqua ammonia with partial decomposition and the aminoniacal 
soln, gives an unstable partially soluble precipitate when treated with nitric acid; 
with hydrobromic acid it forms geld and auric bromide, and, according to J. Thom¬ 
sen: 3AuBr+HBraq H : :HAuBr 4 d-2Au-|-3'G5 Cals, aureus bromide and hydro¬ 
chloric acid form gold, auric chloride, etc. Sulphurous acid reduces it to metallic gold 
and, according to J, Thomsen: 2AuBr-fH^SQggotii -bH s 0=2Aud-2HBr-J-H 3 S0 4 
4-42’76Cals. The product dissolves in potassium cyanide soln. without decompositiou; 
and is slowly decomposed by alcohol, other, acetone, and moist chloroform. Accord¬ 
ing to F. Meyer* when ammonia is liquefied over aureus bromide, at —40°, gold and 
ammonium bromide are formed, while if ammonia gas is passed over aureus bromide, 
gold* ammonium bromide, and nitrogen are formed witli the evolution of much heat. 
If the temp, bemabtainedat 18°, amousdmmmino-brontlde, Aulir,2NH 3 , is formed 
as a white powder which is decomposed by water, moist air, or heat. It is dissolved 
by aqua regia, and hydrochloric acid converts it into ammonium chloride and 
lmlogeno-auric acid. L. Lindet prepared colourless crystals of aurous phosphine 
bromide, AuBr. PBr 3l by heating auric bromide and phosphorous bromide in a sealed 
tube to 140° or 150° ; and similarly, with aurous bromide and phosphorous chloride, 
colourless crystals of aurous phos^horoehlorohromide, AuBr.PCl^. 

Auric bromide, or gold tribromide, AuBr 3 .—In 1826, A. J, Balard 3 noticed that 
gold dissolved slowly in an aq. soln. of bromine, forming a liquid which colours 
the skin violet* and when evaporated forms yellow gold bromide, which when heated 
decomposes into bromine and gold. The compound was studied by W. A. Lampadius 
and by J. Nicklfes and the latter prepared auric bromide by dissolving gold in ethereal 
and aq. soln. of the higher bromides of iron, manganese, or cobalt, G. Wilson 
obtained a dark rod soln. of auric bromide by the action of hydrobromic acid on 
auric chloride ; 3HBi-j-AuClg=3HCl+AuBr B? hydrochloric acid was evaporated, 
and the auric bromide extracted with ether. F. Meyer made it by heating precipi¬ 
tated gold with bromine to 100°, and repeating the treatment on the product for 
a number of times. 

Auric bromide forms crystals of a brown colour. J. Thomsen gives its heat 
of formation as Au-h3Bniq U id l =AuBr 3 -l-8'85 Cals. According to F. H. Campbell, 
it decomposes at ordinary temp, into aureus bromide and bromine. F. Meyer 
says the dissociation temp, is 165°“220° ; F. Ephraim, 181°, and tbo products are 
aurous bromide, etc.* and the salt volatilizes in atm. of bromine at 300°* According 
to F. W. Schmidt, auric bromide passes into aurous bromide at 160°; and in cone, 
sulphuric acid it begins to give o£t bromine at 155°, and at 200° forms aurous bromide. 
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L Lindet says that auric bromide dissolves slowly in water, and rapidly in ether, 
and it can be readily crystallized from its soln. in arsenious, antimonious, titanoiw, 
or stannous bromide. The cone, aq. soln, is almost black, and even dil, soln, have 
a viscous character and froth strongly when shaken. The aq, soln. of auric bromide 
is less stable than oneof auric chloride, and on boiling is partially reduced. Auric 
bromide, says F. Meyer, is fairly soluble in bromine. F* Ephraim found dark brown 
auric bromide becomes brownish-yellow in an atm. of ammonia, and absorbs about 
9 inols of the gas at ordinary temp., and about 23 mols when cooled by a freezing 
mixture. According to W. J* Pope anti C. S. Gibson, ethyl magnesium bromide 
converts auric bromide into auric diethylbromide, Au^H^Br* 

If a cone. aq* soln. containing a mol of auric bromide and a mol of hydrogen 
bromide be cooled, dark scarlet crystals of frydiobromOAUric acid, HAuBr 4 .fiUoO, 
arc obtained which melt in their own water of crystallization at 27°, J, Thomsen 
supposed the crystals were HAuBr4.5H s O, but i\ Lengfdd considers that they 
arc really HAuBr 4 ,6H a O, and that J, Thomsen's HAuBr ll .5H 3 0 is an effloresced 
product, J* Huber prepared an aq. soln. of this acid by dissolving 10 grms. of 
brown commercial gold chloride in about 100 c.c. cf cone, hydrobromic acid (sp. 
gr. 1'78), and concentrating the soln, by evaporation to about 50 c*c. The crystals 
of hydro bromoauric acid can be rcciystallizcd from ether or chloroform* Hydro- 
bromoaurio acid is reduced by sulphur dioxide to the metal, and, as K. W. Schmidt 
has shown, decomposed at lflr/ 1 by cone, sulphuric acid intu aurous bromide and 
bromine* F. Lengfold found that if the huxahydrated acid lie exposed in a 
desiccator over phosphorus puntoxide, sulphuric acid, or calcium chloride, or 
crystallized from dry ether, the trihydrated acid, HAuBr 4H 3H 2 0, is formed. This 
takes up moisture from the air, re-forming the hexahydrated salt. The trtfiydrated 
salt loses water when heated, but simultaneously decomposes. 

A. Gut bier and J. Huber prepared a dark red crystalline precipitate of ammonium 
bromoaurate, NI^AuB^, from a cone* soln. of the component salts ; recrystalliza- 
tion from the mother liquid acidified with hydiobromie acid, furnishes large bluish- 
black prismatic crystals. The corresponding dihydrated potassium bromoaurate, 
KAuBr 4 .2HjjO, was obtained by P* A. von BonsdorfE by crystallisation from aq, 
soln. of the component salts* P* Schottlander found the rhombic crystals had the 
axial ratios a : b :c=(J’796&: 1 :Q l 35lG, £=34*26'; and, according to W, Muthmann, 
the plcoehroism is carmine red and dark brown. The crystals are soluble in water, 
forming a reddish-brown soln, ; they are also readily soluble in alcohol* 
P. A. von Bonsdorff also obtained the anhydrous potassium biomftauratft, KAuBr 4 , 
by heating the dihydrated salt at 60°, and crystallizing from absolute alcohol, and 
G, Kriiss by drying the dihydrated salt 14 days over phosphorus pentoxido, 
P A, von Bomjdorff, and J. C, Leuchs prepared dihydrated sodium bromo- 
aur&te, WaAuBr^aHjG, in a similar manner. H. L. Wells and H* L. Wheeler, 
and A. Gutbicmnd J, Huber likewise mafic large black monoclimc prismatic crystals 
of rubidium bromoaurato, RbAuBiq, with axial ratios a : h \ c=lT951:1; 072M, 
and £=76 D 534'. an d of emsium bromoaurate, C»AuBr 4 , with axial ratios a ; b : c 
—1135&: 1 :0 7411, and £=7U° 24J'; and, added S. L, Penfield, “there seems 
to bo no regularity in the influence of the replacement of chlorine by bromine in 
these gold salts, for in the cesium compound the chloride has a slightly shorter 
e-axis and a greater angle £ than the bromide, while with the rubidium salts exactly 
the reverse is true in both caws.” The potassium salt is alone hydrated \ the 
rubidium ana caesium salts are anhydrous. The crystals are slightly soluble in 
water, and in alcohol, and insoluble iu ether. According to F. Ephraim, osmium 
bromoaurate behaves towards ammonia very like auric bromide* The similarity 
in the behaviour of the alkali bromoaurates and of auric bromide towards ammonia 
led F* Ephraim to suggest that they are dissociated by ammonia into their component 
haloids* F* A. vonfionsdorfprepared the barium, duo, and manganese bromo- 
aurates ; J* 0* Louch, magnesium bromoaurate ; S, John, ceroua bromoaurate, 
CeBra.AuBra.8HyQ; P. T, Clove, lanthanum bromoaurate, LaBr 3 *AuBr B *9H,0; 
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and samarium bromoanrate, SaBr 3 ,AuBr a ,10H 2 O. L. Lindet obtained dark red 
crystals of auric phoapfcobMunitie* AuBr B ,PBr fij by heating the components in a 
sealed tube at 150°. A. Gutbier and X Huber have prepared a large number of 
organic hromoauratas. 
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§ IS, Gold Iodides 

Aurous iodide* gold monoiodide.— According to J, Nicklfea (1867), 1 gold is not 
attacked by iodine at ordinary temp*, but leaf-gold is slowly attacked when heated 
with iodine in a sealed tube at 60 a ; a sob, of iodine in ether attacks gold in direct 
sunlight at ordinary press. F. Meyer (1904) synthesized aurous iodide from its 
elements by shaking precipitated gold with an aq, soln. of iodine in potassium 
iodide for 16-24 his,, and by the action of gold on iodine—the action is very slow 
at 60°, but is completed in a few hours at 100°. F. H. Campbell agitated finely 
divided gold with a soln. of iodine in carbon tetrachloride, J. Pelletier first pre¬ 
pared aurous iodide by the action of hydriodic add on auric oxide : Au 2 0 3 +GHI 
=2AuI+3H£G-b2l 2 ; J. P. Prat used potassium iodide and auric oxide, J* Pelletier 
also made auroua iodide by the action of a hot mixture of hydriodic and nitric acids 
on powdered gold, and also by treating a neutral soln, of auric chloride with an 
aq. soln. of hydriodic acid* potassium iodide* or ferrous iodide: AuClgH-3KI 
—AuI+3KCl-|-I 2 ; if an excess of these reagents be employed some gold iodide 
passes into soln. The precipitate is washed by decantation with, water* and freed 
from admixed iodine by warming it to about 35 s * A, Meillet used ammonium 
iodide for the precipitation* and washed with alcohol; F. Gramp used iodine: 
AuCl$-|-2la=3lCl+Aul; and F, H. Campbell, a soln, of potassium iodide in carbon 
tetrachloride. If hot water or alcohol be used for the washing, aurous iodide is 
decomposed, M. J. Fordos prepared this salt in an analogous manner in 1841. 
J* F. W. Johnston heated a soln, of a geld salt with a soln. of potassium iodide; 
on cooling* golden-yellow spangles of aurous iodide separated out, J, Thomsen 
treated auric bromide with potassium iodide. According to J. Nicldfes, the higher 
iodides of many of the metals—iron, manganese* bismuth—attack leaLgold, forming 
aurous iodide and a mixture of the oxide and iodide of the metal. 

Aurous iodide forme a lemon-yellow crystalline powder or mica-like plates, 
A, Meillet obtained it aa a white powder, and it is therefore possible that the yellow 
colour is due to the presence of a trace of iodine* When kept in a glass vessel, it 
acquires a greenish-yellow colour, owing to its slow decomposition into iodine and 
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gold. F. Meyer says it dissociates slowly at 50° in vacuo, and the decomposition 
is complete at 190°, Auroua iodide, according to F. Meyer, is decomposed by moist 
air, and this the faster the more readily the iodine can escape; in the presence of 
iodine it is not decomposed by moist air; and it la stable in a sealed tube in the 
presence of water. The dissociation press, of aureus iodide is rather smaller than 
that of pure iodine at ordinary temp., otherwise it would not be possible to combine 
these two elements, Wfyen the two elements are in contact they will unite until 
the yap. press, of the iodine reaches the equilibrium value SAu-j-I^SAuI, and 
conversely aurous iodide will decompose so long as the press, of the iodine is less 
than the equilibrium value. The system 2AuI^2Au4d 2 is univariant, consisting 
of two solid phases, and a vapour phase. The vap. press, of the iodine is the only 
variable, and it is dependent on the temp. F r H. Campbell found that a soln. of 
01088 mol of iodine in a litre of carbon tetrachloride soln. is in equilibrium with 
gold and aurous iodide at 2D°* A sat* soln, contains 01156 mol of iodine, so tliat the 
press, of gaseous iodine in equilibrium with aurous iodide and gold is 0 1088/01156 
=-0 943 of that of pure iodine. Hence, any soln. of iodine is or is not able to act 
on gold according to whether it is or is not sat.; and the dissociation press, of 
aurous iodide at 25° is nearly 95 per cent, of the vap. press, of iodine, J. Thomsen 
gives the heat of formation : Au-f-1—Aul-[-55 Cals. It has not yet been determined 
whether the heat of formation becomes eiidothermal at higher temp., or whether 
the iodide then becomes more stable. 

Warm water, or dil. sulphuric, hydrochloric, or nitric acid decomposes aurous 
iodide, but this salt is more stable towards these agents than the corresponding 
chloride or bromide. This is explained by the lower solubility of the iodide in 
these menstrua than is the case with the chloride or bromide. From the observa¬ 
tions of J, Pelletier, and M. J. Fordos, chlorine water has no action, but bromine 
and chlorine respectively oxidize aurous iodide to auric bromide and chloride. 
Ilydriodie acid forms hydriodoauric acid, HAuI*, with the separation of gold ; 
potassium and ferrous iodide similarly form gold and iodoaurates. The solubility 
of aurous iodide in water is not known, but F, H. Campbell found the solubilities 
in potassium iodide soln. to be approximately proportional to the cone, of that 
salt. Expressing cone, in mols of potassium iodide and gram-atoms of gold per 
litre : 

KI ♦ , . 0 IOO!) Q'2rm 0-4038 J 0000 mol 

Au O-OODfi 0 (m3 0 538 0117O gram-atom#! 

The aurous iodide is present in the soln. in the form of complex anions Aul/ or 
Aul*"'—probably the former. Iron in the presence of wafer and aurous iodide 
forms ferrous iodide and gold. The dissociation tension of aurous iodide makes 
it behave like free iodine ; e,g. with potassium hydroxide it forms gold and a 
mixture of the alkali iodide and iodate. Many organic solvents also decompose 
the iodide, ether more quickly than alcohol. Gum retards the spontaneous decom¬ 
position of aurous iodide* 

According to F* Meyer, auroua h&xammino-iodide, AuI.6NH s , is formed by 
the action of liquid ammonia on dry aurous iodide ; when the excess of ammonia 
has evaporated, off, white crystals of the hexam mine-salt remain. It is also formed 
as an amorphous powder by the action of ammonia gas on aurous iodide at “28°. 
The dissociation press, at —28 a is 760 mm. Between —2S & and —15° it loses two 
molecules of ammonia, at —10* a third molecule, and at 20* it forms auroua 
ammino iodide, Aul.NHs, When heated, this salt loses ammonia and iodine ; 
with water or moist air it forms gold and ammonium iodide, with dilute acids it 
forms auroua and ammonium iodides; it is dissolved by' aqua regia; and with 
potash-lye it forms a black powder which bums with a hissing noise when heated 
by a flame. 

Auric iodide, gold triiodidc, Aul^.—J, P. Prat 3 found that a soln. of aurous 
iodide with a sat, soln, of iodine in hydriodic acid furnished on evaporation small 
vol. in. £ a 
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Thombohedral crystals of auric iodide. According to F, W. Schmidt, if aq. potassium, 
iodide be gradually added to a neutral aoln. of auric chloride, the liquid becomes 
dark green, and forma a dark green precipitate of auric iodide which dissolves 
when the liquid is agitated, forming soluble potassium iodOBUfftte : AuQ a 
+4KI =3KCI -f KAuI 4 . If auric chloride be added to the soln, containing 
AuCl a ;KI=l : 4, the potassium iodoaurate is decomposed, and auric iodide is 
precipitated: SKAu^-fAudg—3KCl+4AuIy. The precipitate can be washed 
without much decomposition, but it loses iodine when dried It also decomposes 
slowly in air, forming yellow aurons iodide, which in turn decomposes as previously 
indicated, Aurio iodide is decomposed by alkali and alkaline earth hydroxides. 
J. F. W. Johnston showed, in 1836, that aunc iodide forms double salts with hydriodic 
acid and with metallic iodides. The soln. of auric iodide in hydriodic acid gives 
a dark brown precipitate when an excess of aqua ammonia Is added, and with an 
excess of the gold soln. a black precipitate resembling fulminating gold, J. F. W. John¬ 
ston also obtained black prismatic crystals of ammonium iodoaurate by evaporating 
a sola, of auric iodide in aq. ammonium iodide. The evaporation of the dark 
reddish-brown soln. of finely divided gold in aq. potassium iodide and iodine 
(J. Pelletier), auric iodide (J. F. W t Johnston), or aurous iodide (M. J. Fordos), 
gives black crystals of what is considered to be hydriodo&uHa acid* HAuI 4 * 
j. F. W. Johnston also prepared black crystals of sodium iodoaurato, and barium 
iodoaurate, in an analogous manner. 
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§ 19. The Sulphides of Gold 

Gold dues not unite with sulphur when the two elements are fused together. 
From J. R Glauber’s De nalum solium (Amstelodami, ltiDS) it would appear that 
he found that the liver of sulphur, which he made by extracting with water a 
calcined mixture of sodium sulphate with carbon, had a solvent action on gold ; and 
G t E. Stahl (1697) remarked on the solvent action of a boiling mixture of sulphur 
and potassium monosulphide, hydrosulphide, or carbonate on gold. U. Antony and 
A- Luochesi found that the gold thio&alts obtained by treating auric chloride with 
soln. of alkali sulphides are very unstable, and cannot be obtained in the solid 
state. Gold is dissolved by molten alkali polysulphides. According to W. Skey, 1 
gold is superficially attacked by a soln. of ammonium sulphide, by moist hydrogen 
sulphide, or by boiling with sulphur and water, whereby a film of gold sulphide 
is formed which prevents the metal amalgamating with mercury and which can 
be removed by calcination, by treatment with potassium cyanide, chromic anhydride, 
or nitric acid. 

Gold monosulphide, or aurous sulphide, Au^S.—J. J. Berzelius said that a 
brownish-black powder, gold monoaulphide or aurous sulphide, is formed by passing 
hydrogen sulphide into a boiling soln, of auric chloride, port of the sulphur is at 
the same time converted iato amphoric acid, A. Lcvol said the precipitate is not 
gold sulphide, but rather metallic gold ; the amount of sulphuric acid produced 
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in th$ reaction corresponds with the equation: 8AuClfl+3HaS-|-12H B 0=8Au 
+ 24 HCI+ 3 H 28 O 4 , G. Stubs claimed that J. J* Berzelius' product is a mixture 
of sulphur and gold. This also is the conclusion of A. Schrotter and E. Priwoznik, 
V. A. Jacquelain, L. R* von Fdlonberg, and of U* Antony and A. Lucchiisi, 
The last-named worked with 1 per cent, soln. of gold chloride at 90Mt)G o * 
Further, they found that a 1 to 3 per cent. sotn. at ordinary temp., about 8 °, 
yields a blade precipitate of aurosoauric sulphide, Au 2 So + The temp, of the soln. 
continually rises during the precipitation proportionally to the strength of the 
soln,, and if at any time the temp* approaches 40 a , metallic ^old is precipi¬ 
tated along with the sulphide. If the sola* is not fully precipitated and the 
sulphide is allowed to remain in contact with the sola, of auric chloride, these salts 
react according to the equation: 4AuClg-f Au 2 S 2 -h 8 H 2 0 .~GAu+laHCl+SH^SG*, 
metallic gold being formed* L* Hoffmann and G. Kriiss also found that metallic 
gold is precipitated at 100 “ and at lower temp, variable proportions of combined 
sulphur, but no definite compound, are precipitated. The free sulphur ia retained 
very tenaciously by the precipitate, and cannot be removed by washing on a filter ; 
they removed the sulphur by washing first with water, then successively with 
alcohol, ether, and carbon disulphide* They obtained no appreciable change when 
hydrogen sulphide was passed through a solm of potassium eyanoaurate, but when 
an excess of hydrochloric acid was present and the whole heated, a steel-grey preci¬ 
pitate of aurous sulphide was precipitated - this was washed with dil. hydrochloric 
acid, alcohol, ether, etc., as previously indicated in order to remove free sulphur. 
When freshly precipitated, aurous sulphide is peptized by water to form a brown 
colloidal aoln., hence the need for washing with dil. acid. A. Oberkampf said that 
aurous sulphide is precipitated when an acid is added to the reddish-yellow soln. 
obtained by dissolving finely divided gold in a boiling soln. of potassium sulphide, 
or carbonate and sulphur. From soln. of aurous sodium thiosulphate, hydrogen 
sulphide precipitates mixtures of gold, sulphur, and aurous sulphide which always 
vary in composition. A. Gutbier and E. Diirrwachter could not find the right 
conditions for making this sulphide* According to E. A, Schneider, Colloidal 
ailfOQS sulphide can be prepared by saturating a soln* of aurous cyanido in 
potassium cyanide with hydrogen sulphide, warming carefully with hydrochloric 
acid until a brown turbidity is produced, and then submitting the whole to 
dialysis; there remains in the dialyzcr a deep brown, colloidal soln. of aurous 
sulphide which can be separated from the undissolved portions by decantation 
and filtration. The most cone. soln. that can be obtained in this way contains 
1 74 grms. of the sulphide per litre. When the colloidal soln, is heated at £ 00 “ 
to 230°, sulphuric acid is formed, and gold is deposited; when the soln. ia frozen 
and melted again, the aurous sulphide is precipitated, 

P* Yorke prepared tetrahydrated sodium thioaurite, NaAuSAH^O, by heating 
to bright redness a mixture of one gram-atom of gold, 6 gram-atoms of sulphur, 
and two mols of sodium monosulphide; extracting the fused mass with water ■ and 
concentrating the filtered soln. in vacua over sulphuric acid. The yellow crystals 
so obtained arc colourless when purified by re-crystallization. Ho also obtained 
similar crystals by crystallization of a soln. of one of the gold sulphides in an aq. 
soln. of sodium monosulphidc. According to P. Yorke, the crystals have the 
composition NaAuSAH^O, but A* Ditto's crystals obtained by evaporating in 
vacuo a yellow aoln. of aurous sulphide in the least possible quantity of sodium 
monosulphidef ore said to have had the composition NaAuS.5H 2 G. The crystals 
obtained by P. Yorke were six-sided prisms, with trilateral or quadrilateral apices, 
and belonged to the monoclinic system. They rapidly turned brown in air, and 
when heated, first gave off water, and then sulphur. The crystals dissolve in water 
and alcohol, and when the aq. soln. is treated with acids, a yellowish-brown pre¬ 
cipitate with Au: S= 1 :1 or 2 is deposited, and hydrogen sulphide evolved* The 
aq* soln* also decomposed slowly when exposed to air* The potassium salt treated 
under similar conditions furnishes a mass of indistinct crystals whose composition 
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was not definitely established* but which were thought to be potassium thioanrite, 
KjjS.Aus&.nHjjO, or KAu8,nH a O. 

According to P. Yorke, when gold sulphide is digested with sodium hydro¬ 
sulphide, only a small quantity dissolves at ordinary temp,, and on heating the 
soli., the gold sulphide is reduced. A* Ditto found aureus sulphide gradually 
dissolves inaeoln. of sodium hydrosuiphide, forming an orange-coloured soln, which, 
when evaporated in vacuo, deposits colourless needles, 2Na a S,Au a S,20H a G, or 
NfliAuaSs.aOH^O, tetraBOfliom trithioamite. These crystals are superficially 
blackened if organic matter be present. 

U. Antony and A, Lucchesi dissolved finely powdered aurous sulphide in a 
soln. of sodium hydrosulphide of sp, gr. 1 021 or 1029, and found the reddish-brown 
fio!n. to be rapidly decolorized, on the addition of absolute alcohol, owing to the 
formation of crystals of trisodinm dithioaurite, Na^AuSa, or aNajS.AugS. It 
is suggested that unstable trkodnm trithioauriie, N^AnS*, is first formed, and this 
immediately decomposes into the more stable Na^AuSa; the corresponding 
tripotasstam dithioaurite, SK^Au^, or K 3 Au9 a , was prepared in a similar 
manner. A. Ditto made yellow hygroscopic needle-like crystals of the composition, 
4X^8 .Au a S. 12^0, by evaporating in vacuo a soln. of auric sulphide in a small 
excess of potassium monoeulphide. The crystals are coloured superficially grey 
by exposure to light. The crystals readily dissolve in water, forming a yellow 
soln. Silver nitrate precipitates silver thiOMlrita, AggAuSa, from soln. of the 
potassium salt. 

Gold disulphide or aurosoauiic sulphide, or (AuS)*.—A, Levol 2 pre¬ 
cipitated this product by treating a cold aq. soln. of auric chloride with hydrogen 
sulphide or an alkaline sulphide, and he represented the reaction: 8AuClg-f9H a S 
-f4H 2 0—iAusS^-l-SlHUL+H^Oi, and tins was confirmed by G, Kriisa and 
L. Hoffmann. According to XL Antony and A. Lucchesi, the best cone, of the 
auric chloride soln, is between 1 and 3 per cent., and the temp, ought not to exceed 
35° or 40°, otherwise some metallic gold is deposited. If the auric chloride is 
treated with ammonium hydroaulpbide or an excess of yellow ammonium poly¬ 
sulphide, metallic gold is precipitated. They also made anrosoaurie sulphide by 
adding a soln. of auric chloride to an aq. soln. of sodium aurous thiosulphate, and 
washing and drying the product. The preparation of this salt was also investigated 
by A. Oberkampfandby A. Schrotter and E, Priwoznik. A, Ditte made aurosoauric 
sulphide by passing hydrogen sulphide into an acid soln. of auric chloride, S + Oden 
prepared a colloidal hydrosol of auric sulphide by the action of a hydrosol of sulphur 
on an aq. soln, of auric chloride. A, Gufcbier and E, Durrwachter could not find 
the right conditions for making this sulphide. 

Dried aurous sulphide is a brownish-black powder, and, once the precipitate 
has been dried, it is no longer peptized by water. A, Beutell has studied the 
formation of filiform gold by heating gold sulphide in vacuo, and obtained results 
like those obtained with silver sulphide under similar conditions It is not 

decomposed when boiled with dil, hydrochloric or sulphuric acids. Ozone was 
found by A. Moilfert to oxidize gold sulphide to the metal and free sulphuric acid. 
According to G, Kruse, aqua regia, chlorous oxide, and other oxiziding agents 
oxidise it easily. Bromine water slowly dissolves it with the formation of aurous 
bromide and sulphuric acid. Alkaline monoeulphides dissolve it but slowly and 
slightly, polysulphides rapidly and completely, with the formation of green soln, 
of thio-ealts. A soln. of potassium hydroxide does not attack it even at 100 a , 
whereas the compound Au 2 Sa is, under like conditions, decomposed into gold, 
potassium gold sulphide, and potassium gold oxide. Potassium cyanide dissolves 
it readily, and the sulphide is reprecipitated by boiling the soln. with excess of 
hydrochloric acid. This reaction gives a good means of purifying the sulphide 
from free sulphur, as a slightly wanned soln. of potassium cyanide dissolves the 
former but not Hie latter. When heated in a tube, part of the sulphur distils 
off, and part passes off as sulphurous anhydride. The compound is completely 
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decomposed at 240*, and ignites in oxygen at a low temp. When heated in a stream 
of hydrogen, hydrogen sulphide is formed, but in a stream of hydrogen chloride 
the sulphur sublimes without the formation of any hydrogen sulphide, and pure 
gold is left. The existence of a soluble aureus sulphide and a soluble aurous oxide 
is regarded by G. Kriiss as evidence in favour of placing gold in the alkali group 
rather than in tho platinum group, 

K. A, Hoffmann and F. Hochtlen formed yellow rhombic crystals of ammonium 
trithioaurate, NH^AuS^, by shaking aurous chloride with a soln, of ammonium 
polysulphide, and allowing the mixture to stand some days at 5°. Aurosoauric 
sulphide is a reddish-brown or brownish-black powder, which, according to 
A. Oberkampf and A. Levol, begins to decompose at 140°, and the decomposition 
is complete at 25N°-270°. When heated in hydrogen, G. Kriias found it to be 
reduced to gold. V. A. Jacquelain noticed that when kept for two days under an 
excess of the gold soln. in which it was formed, the precipitate decomposes, producing 
gold and sulphuric acid, A. Levol observed that although aurosoauric sulphide 
can be boiled in the liquid in which it was made, it cannot be prepared from l>oiling 
soln. When freshly prepared, K. A, Schneider, and (■. Winssinger found it to form 
a colloidal soln. with water such that a litre of water may hold up to 0'8 grm. of 
the sulphide, but it was found by A, Levol to be converted by chlorine into sulphur 
chloride and auric chloride. According to G. Krusa, bromine water converts 
aurosoauric sulphide into auric bromide and sulphuric acid. It is insoluble in acids, 
but is dissolved by aqua regia. ftaln. of the alkali monosulphides dissolve it 
sparingly in the cold, but when heated it first forms a brown and then a yellowish- 
green soln. According to A, Ditto, an excess of alkali mojmsulphido soln. forms an 
alkalithioaurite, while with an nxncwa of aurosoauric sulphide, crystals of gold are 
formed, A very a mall excess of potassium monosulphide in the cold or at 30°-40° 
gives a residue of metallic gold. According to H. Hahn, soln. of the alkali poly¬ 
sulphides dissolve it easily in the. cold, forming first a brewn, then a green soln. 
A. Ditto says that it is insoluble in a soln. of sodium monosulphide sat. with sulphur ; 
and sulphur gradually precipitates gold as black sulphide from aq. soln, of auroso¬ 
auric sulphide in aq. sodium monosulpbufo. Potassium hydroxide lye docs not 
attack aurosoauric sulphide in the cold, but when heated a part is dissolved and 
part reduced to gold. Potassium cyanide rapidly dissolves aurosoauric sulphide, 
forming a colourless sohi. K. A. Schneider found a soln, of auric chloride converts 
it into gold, slowly if cold, rapidly if heated. 

Gold trisulphida or auric sulphide, — J, J. Berzelius * melted an excess 
of gold with potassium pentasulplmh:; extracted the cold moss with water; and 
precipitated by adding an acid, dark green floeeulenfc aurie sulphide which dried 
to a brown mass. According to G. Krhaa, J, J t Berzelius' product was a mixture 
of sulphur and auric sulphide. K. A. Hoffmann and If. Hochtlen prepared auric 
sulphide by passing hydrogen siilphids into a soln. of auric chloride in anhydrous 
ether. U. Antony and A. Lucohesi prepared auric sulphide by passing hydrogen 
sulphide over dry lithium tetrachloaurate, LiCl.AuCl a , or the hydrated salt, 
LiCl.AuCI 3 .211^0, at —10°, The resulting brown mass was extracted with alcohol, 
and washed successively with carbon disulphide, alcohol, ami finally ether ; tho 
product was dried at 70° in alcohol vapour until the weight was constant. 
U. Antony and A. Lucchesi, and A. Gutbier and E, Durrwachter found that auric 
sulphide is decomposed by soln. of auric chloride, say: AugS 3 +( 5 HAuCl 4 + 12 H^O 
™HAuH- 3H 2 90 4 -f24H(Jl. 

U. Antony and A. Luccheai reported that auric sulphide was a black amorphous 
powder with a sp. gr. 8754; it decomposes into ita constituents between 197* and 
200°. Neither fuming hydrochloric acid nor moderately cone, nitric acid attack 
auric sulphide, but cone, nitric acid (ap, gr. 1'370) oxidizes the sulphur and leaves 
the gold. Aqua regia attacks it slightly. A hot soln. of potassium or sodium 
hydroxide (1 :6) gradually dissolves the sulphur, forming alkali sulphide, thio- 
sulphate, and gold. Warm aq. ammonia acts extremely slowly. Auric sulphide 
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readily dissolves in a win. of potassium cyanide: Au 2 Ss-bGRCy=2KAnC!y £ -bK 3 S 

SKCyS; a aoln. of auric sulphide in a hot 25 per cent. eob. of potassijim cyanide* 
furnishes crystals of potassium cyanoaurite, KAuCy a . DiL adds precipitate gold 
sulphide and cyanide from a aoln. of auric sulphide in one of potassium cyanide; 
while dil. acids precipitate aurous or aurosoanric sulphide unchanged from a aoln, 
of the respective salt in the same menstruum. A cold floln. of ammonium hydro 
sulphide or monosulphidc extracts sulphur from auric tulphide* and leaves the 
gold; the action is rapid with warm soln. A sob. of the alkali sulphides and 
polysulphides dissolve auric sulphide with difficulty, and the latter salt is partially 
decomposed; cold soln. of the alkali hydrosulphides readily dissolve auric sulphide* 
forming a' brown aoln,, which when warmed becomes pale yellgw, and when boiled 
the soln, deposits gold ; when an acid is added to the soln,, a pale yellow flocculeftt 
precipitate is formed and hydrogen sulphide is given oil, and the precipitate 
becomes brown owing to the separation of auric sulphide. 

Although sulphur vapour has very little action on gold, the case is different when that 
metal is alloyed with copper or silver* since what have been regarded as double CUpiQU) 
thknurtte* aud silver thtoaurlta are formed. M. M* P. Muir’* analysis, OAgj&SAujS,, of a 
product of the action of sulphur vapour on an alloy of gold and silver showed that the gold 
and silver arc attacked, and a native sulphide of gold and silver is known, J. & Moclaurin 4 
confirmed M. M. P. Muir's observation and prepared a number of such alloys of gold and 
silver sulphides, but gavo no evidence os to which were compounds and which wore mixtures, 
J, 8L Moclaurin made what he regarded as silver thioaurite* Ag a S,AU|S, or AgAuS. U. Antony 
and A. Lurches! also prepared what they regarded os trisilver dithioavrite , 3Ag t S.Au,S + 
Or Ag t AuS|* by the action of silver nitrate on trisodium dithloaurite, NajAuSj. Similar 
obaervationu were made with respect to silver and cuprous sulphides. 
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8 20. Gold Sulphates 

J. P. Prat* prepared what is regarded as atuogoaitfta sulphates, AuS0 4 , by 
heating finely divided gold with sulpha to-iodic acid, 3H a S0 4 .2HIQj, to 300° until 
the mixture acquired a dark orange-yellow colour; he dissolved the mass in fuming 
nitric acid, dil* with water, and boiled. The brown precipitate was washed, dried, and 
preserved out of contact with light. P. Schottlander prepared what appears to be 
the same product by evaporating a soln. of auryl sulphate at 250° as rapidly as 
possible. The red hygroscopic prismatic crystals so obtained were blackened when 
treated with water, owing to the separation of auric hydroxide, and with a small 
quantity of moisture they formed a yellow substance. They are insoluble in cold 
cone, sulphuric acid, and with hot couc. sulphuric acid they are decomposed into 
gold and a soln, of auric sulphate* 

J. Pelletier found that auric oxide is sparingly soluble in cold sulphuric acid, 
forming a yellow strongly acid liquid which, when gently heated or when mixed 
with water, deposits metallic gold. The acid liquid is thought to contain a sola, 
of auric sulphate, Au s (Sty 3 . J. P. Prat says the soln. crystallizes with difficulty, 
and that the dry crystals are purple-red, very hygroscopic, and decompose when 
treated with water into an insoluble aureus salt and a soluble auric salt. A* II. Allen 
obtained a similar liquid to that obtained by J. Pelletier, but he worked with hot 
soln. The soln. reacts with ferrous sulphate, oxalic acid, or stannous chloride like 
ordinary soln. of gold salts* A. Reynolds made similar observations, but he 
employed hot cone, sulphuric mixed with a little nitric add for dissolving the auric 
oxide. A. H. Allen employed a mixture of chlorine-free potassium permanganate 
and cone, sulphuric acid as a solvent. J. Spiller obtained a soln. of auric sulphate 
by the electrolysis of a mixture of sulphuric acid with 10 per cent, of nitric acid 
with a gold anode and platinum cathode. The resulting soln. contains auric sulphate 
which ia converted into auric chloride by hydrochloric acids or metal chlorides. 

P, Schottlander heated auryl nitrate with cone* sulphuric acid to about 200° 
and obtained yellow, hygroscopic octahedra of auryl hydrosulphate* AuO.HSG*. 
They form a yellowish-red soln, with 05 per cent, sulphuric acid which becomes 
almost black when heated. Boiling nitric acid docs not appreciably affect the 
compound ; hydrochloric acid forms auric chloride and sulphuric acid ; and water 
immediately decomposes the salt into auric oxide and sulphuric acid. 

According to J* P. Prat, an aq. soln. of gold sulphate unites with alkali sulphates 
to form a salt which crystallizes in octahedra resembling alum; and, according 
to P* Schottliinderj a soln* of one part of potassiuru hydrosulphate with ten parts 
of auryl sulphate on evaporation at 200° furnishes pale yellow rhombic plates of 
potassium disnlphatmur&te, KAu(90 4 ) 2 . These slowly turn brown on exposure 
to air, and when treated with cold water furnish auric oxide, potassium sulphate, 
and sulphuric acid. The corresponding silver disulphato&urate, AgAu(S0 4 ) 2 , 
was made in a similar way. 
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3 21. The Gold Nitrates 

According to T* Bergmann, 1 freshly precipitated gold dissolves in cone, nitrio 
acid, but separates from it again when the liquid is agitated. S. Tennant also 
observed th£ formation of an orange-coloured soln, when finely divided gold is 
digested with fuming nitric acid, and found that the soln, deposits auric oxide 
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when shaken up with water, while if an excess of fuming nitric acid is present, or 
if the water contains same potassium nitrate* metallic gold is precipitated. According 
to A, H. Allen, the aq. sola, decomposes slowly in the cold, and rapidly when heated. 
L, N. Vauquelin, J, Pelletier, E, Fremy, and A, H. Allen studied the yellowish- 
hrown soln. obtained when auric oxide or hydroxide is digested with cone, nitric 
acid. On evaporation, the soln, deposits drat auric oxide, and then a black mixture 
of gold and auric oxide, In the absence of hydrochloric aqjd, the addition of water 
precipitates auric hydroxide from the soln, of gold in cone, nitric acid; the soln, 
behaves towards reagents in a way which is characteristic of auric salts. It is 
generally assumed that the soln, contains auric nitrate, which is stable only in 
very cone, soln, of nitric acid. A. Hanriot and F. M, Raoult dissolved brown 
precipitated gold in nitric acid free from nitric fumes, and concentrated the soln. 
in vacuo, over calcium chloride, in darkness first aided, by heat, and then while cool¬ 
ing the soln. The residue was extracted with boiling dried acetone, and the soln., 
on evaporation, furnished ncedle-liko crystals of the composition AufNQaJg.nl^O, 
They are decomposed by exposure to light and air, and this renders the determina¬ 
tion of the water of crystallization impracticable. The crystals are soluble in 
boiling acetone, and are decomposed by water into nitric acid and brown auric 
oxide, 

F, M. Campbell prepared aurous nitrate, AuNO^, by shaking aurous oxide 
with nitric acid. He estimated that the solubility product, fAu |[0H] J , of the 
hydrolysed aurous nitrate is 0*52x10^® with 9T3AT-HNOij, and O'SbxlO with 
ir6AT-nitric acid. The discharge potential of Audons is l b volt. According 
to P. Sehottlander, auric hydroxide is soluble in nitric acid of sp. gr. 140, when 
heated on a water-bath, and the soln. when evaporated in vacuo over calcium 
chloride and sodium hydroxide gives a dark reddish-brown gum-like mass of 
auryl nitrate, AuQ.STO 3 ,!H a O, or 5Au a 0^,DN 2 0 ! ;/2Hj J 0. If hydronitratoauric 
acid {vide infra) is dried on a water-bath at 98°, a reddish-brown amorphous powder 
is formed, whose composition corresponds with a basic auryl nil.rate or auryl oxy» 
nitrate, 2Au a O 3 ,N ;! Oe,3H 2 0, or Au 2 0| Sr 2AuO(N0 3 ) r 2H 2 0. It is very slowly soluble 
without residue in nitric acid of sp. gr. 140, ewn at 100°. According to P> Schott- 
landcr, when a soln. of one part of auric hydroxide in 3*67 parts of nitric acid of 
ap. gr. F492 Is cooled by a freezing mixture, it furnishes golden-yellow triclinic 
crystals of sp. gr. 2 84, and whose composition corresponds with auric hydro- 
nitrate, or hydronitratoauric acid, HAu(NO a } 4 .3H 2 0, or Au(N0 3 to.HN0^3H a 0. 
For F. H. Jeffery's preparation of yellow crystals of hydroaurinitric acid, 
HAufNQdl.aHaO, see the setion of nitric acid on gold. The crystals effloresce in 
dry air, and deliquesce m moist air. When warmed at 72°-73°, nitric acid is given 
off, and a brownish-black liquid is obtained. At 215° decomposition is complete. 
If a soln. of bydronitratoaurie acid and ammonium nitrate in colourless cone, 
nitric acid, of sp. gr. 1'4- 15, he evaporated in a desiccator, yellow prismatic crystals 
of ammonium nitratoaurate, NH^NtVAufNQata or NH 4 Au(N 0 ^)i 4 , are formed. 
The crystals are fairly stable when heated, but decompose os the temp, approaches 
140 D + P. Schottlandcr also evaporated in a desiccator a warm sain* of seven parts 
of ammonium nitrate and ten of hydronitratoauric acid in 25 parts of colour¬ 
less nitric acid of sp. gr t 15. The yellow rhombic plates had the composition 
corresponding with ENHiNtyAulNO^s.HNQb, or NI^AulNOah.Nl^Nl^HNQa. 
They are decomposed by nitric acid of sp. gr. less than 14 and over 15, Corre¬ 
sponding salts— potassium nitrato&urate* KAufNCy*, and rubidium nttratoanr&te, 
RbAu{NOj) 4 —were prepared by P. Sehottliinder. 


REftOTHNCKS. 

1 T. Bergmanti, Opitscafo phyeica at chemki i, Haltni#, 3. 350, 1790; 8, Teanant, tfdtaw’e 
/pttrn,, 1. 307, 1798; L. N", Vauquclin, C'him. Pkys, t (1), 77, 331, 18U ; E. Fr$my, ib, t 
f3),SJ. 478,1850; J. Pelletier, ib<, (2), 16, 113, 1820; A. H, Allen, time, 25. 85, 1872 ; 



GOLD 


617 


F. H. Campbell, ib. t 96, 2d, 1907 ; P, fichottliuidflT, VebfX 8alx¥iitr<tdilre---£oltfmtTat vnd 
rinige twtie Dentate desaettwiP, Wiinbuig, 1SA4 \ Liebig's Awn,, 217, 312, 18&3A* Humiiit and 
F. M. Raoult, Con*j)L Awtd.,155. 1086, 1912 j Soc.Chim., (4), IS, 2(11, 1913; F. H. Jtrfiery 
7>un*, Sac,, ti. 172, 1910. 


§ SJ& The Fadiily Relationship of Copper Silver* and Gold 

These three elements are generally classed together in so-called "systematic 
chemistry," and they arc furthermore considered to be related to the alkali metals. 
The copper group of elements is generally linked with the alkali metals by the scheme 
jv. indicated in the margin, which starts with the elements with the lowest 

I atomic weights. The fault with the scheme is that it makes the relation- 

Na ship appear far closer than is indicated by known facts. If wo recall tho 

relationship between the members of, say, the alkali metals, and the 
I Cu halogen families, the relationship between the individual members of this 

Rb | so-called family and with tire alkali metals is strikingly obscure. The 

| ig student might well inquire why these elements are grouped together at 

1 all, anti cogent reasons might be urged for grouping gold with platinum, 

u silver with palladium, and copper with mercury. The reason why this is 

not done will appear when we take a general survey of ail tbo elements. Returning 
to the dements copper, silver, and gold, tiie physical properties may be tabulated ; 


Tsunn XlL—PjiYfiH'Aii i’ltnPEimus <u> Silver, an^o (.Jold, 


Atomits weigh 1 .... 

03o 

SU\E!f. 

10788 

(Ivhl. 

197-2 

Spncific gravity .... 

8 93 

JO-49 

I9 2E55 

Atomic volume .... 

7117 ; 

1029 

m-ii 

Melting point. . 

1 10820° 



foiling point .... 

2310° 

T%f>° 

2209° 

latent heat of fusion (cols.) . 

i 43 i 

i 24‘3J! 

] l> r 3 

Sporhic heat .... 

! 0080 


0030 


! 


In malleability, ductility, and tenacity, silver is intermediate between copper 
and gold. While the large atomic volume of the alkali metals is associated with 
great chemical activity and affinity for oxygen, the low atomic volume of these 
elements is related with their weak affinity for oxygen, etc. Copper, for instance, 
is alone oxidized in air. The oxides of copper, silver, and gold are easily reduced, 
while the oxides of the alkali metals arc reduced with great difficulty. The reduction 
of copper, silver, and gold by magnesium is the more energetic the greater the 
atomic weight of the metal—cuprous oxide reduces easily; silver oxide reduces 
with explosive violence, and gold oxide breaks down into ita constituents below the 
ignition point of magnesium. Silver appears to be uni-, hi-, and tcr-valcnt, but 
copper is both uni- and hi-valent, and gold is uni- and ter-valent. Hence these 
three elements have univalency in common with the alkali metals. Oupric salts are 
isouiorphotis with iron, cobalt, and nickel. The isomorphism of the silver and 
sodium sulphatls and s denotes indicates a relationship of some kind between silver 
and sodium. The alkali halides, like silver chloride and bromide, crystallize in the 
cubic system—silver iodide crystallizes in the hexagonal system and the crystals 
pass into the cubic system at about H6 C —on cooling the reverse ohange token place — 
sometimes with explosive violence. Silver seems to be related with copper through 
argentic oxide, AgO, where silver appears to bo bi-valent; silver pyridine persulphate, 
AggSaOgAPy, is isomorphoua with the analogous copper pyridine persulphate, 
CuSaOaAPy ■ with gold, through silver sesquioxide, Ag^O^; and with the alkalies 
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through argentoua oxide, Ag a O, and with the magnesium family through mercury. 
The more salient difference* between copper and the alkali metals are: (1) The 
elements of the alkali metals hare a email density* the other metals have a Urge 
density ; (SI the alkali metals do not occur free; (3) the elements of the alkali metals 
are chemically active, the others not so ; (4) the haloids of the alkalies are all soluble 
in water, and are not hydrolyzed by water; copper and silver fonn sparingly soluble 
haloids, and the haloids of copper and gold, not silver, .are hydrolysed by water. 

(5) The oxides and hydroxides of the alkalies are strongly basic; the oxides and 
hydroxides of copper and gold are feebly basic, and they accordingly form basic salts. 

(6) The alkali metals do not form complex salts, whereas copper, silver, and gold 
form many complex salts. 

It. F. Heath 1 reported a radioactive element ef monad valency, at, wt, 204 + fl, belonging 
to the first group in the periodic table. It was fomd in the uranite and monazite sand of 
Montana, U.S.A. The dement iteelf is brownish-grey in colour, and it unites at a high 
temp, with the halogens, nitrogen, oxygen, and hydrogen; the compounds mid salts ore 
white. It woe named wtY«onium after the then President ef the United States. The results 
have not been confirmed. 
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CHAPTER XXIV 

THE ALKALINE EARTHS 

{j 1. The History of Calcium, Strontium* and Barium 

The early chemists applied the term earth to those non-mctallic substances which 
were virtually insoluble in water, and did not change when exposed to a high temp. 
When it was found that some of the earths resembled the alkalies in that they 
neutralized the acids* and gave an alkaline reaction when moistened with water* 
they were subdivided so as to form a class termed terra aIkalim. The alkaline 
earths at first comprised magnesia and lime ; baryta and strontia were afterwards 
included. It was subsequently found that the chemical properties of magnesia 
more nearly resembled those of zinc and cadmium oxides than those of the other 
tlirce alkaline earths* and it was consequently removed to another sub-group so 
that this family now includes the three oxides--lime, strontia, and baryta. 
Radium has been included in the family of the alkaline earths. 

Lime must have been long known* since it has been employed in making mortar 
from prehistoric times. Theophrastus (300 B.t\) mentioned in his fl*pi AZPur, that 
the calcination of yv$ns t gypsum, furnishes a product which has more the nature 
of a rock than an earth, and which develops heat and sets to a hard mass when wetted 
with water. He also stated that gypsum seems to have the nature of lime. Dioa- 
corides {75 A.D.) described the preparation of caustic lime—Arturos, unslaked, as 
he called it—by calcining mussel-shells, limestone, or marble at a white heat. Con¬ 
temporaneous with Dioscorides, the elder Pliny, in his Historia naturali, described 
the process of burning and slaking lime. 

G. E. Stahl 1 regarded salts as products of the combination of an earthy clement 
with an aqueous element. N. Lemery said : 

Quicklime is a fltone whose moisture has been (fried up by fire and replaced by a great many 
igneous particles ; tho igneous particles can be driven from qmcklimo by the addition ol a 
Utile water. ... 1 am not of the opinion of tho&u who suppose quicklime to contain an 
acid which is drawn out by water, and, meeting an alkali, effervesce* when in the presence 
of water, 

C. F. Dufay evaporated lime-water and obtained what he called le sel de /a chaux. 
M. Malouin assumed that the cr&rnc de chaux, which formed as a film on the surface 
of lime-water exposed to air, contained vitriolic acid united with a particular earth. 
In 1747* H, L. Duhamel dii Monceau prepared many combimisons *le la chaux uvea 
pitmeurs acides, The changes which occur during the conversion of limestone into 
caustic lime were not understood until J. Black published his thesis, Experiwwnto 
upon Maffnesia h Alba > Quicklime, and other Atcaline Substances (Edinburgh, 1777). 

Near the beginning of the seventeenth century* about 1602 or 1603, the mineral 
heavy soar, found in the secondary strata of the Monte Faterno, attracted the atten¬ 
tion of V .Casciorolus or V.Casciarolus who dabbled in alchemy; he suspected from the 
weight and lustre of the stone that it contained a heavy metal; he therefore subjected 
the mineral to fire and was amazed to find tho product glowed with a rod light when 
viewed in a dark room. Hence the stone was called tapis solans, and, owing to its 
having been first prepared at Bologna, it was called Bohgnian or Bottonian Jtowe* 
It was mentioned by A. J. C.de Golla? in 1612, and in hi* AwUgtMxnei* ph&nmc&p&a 

fllO 
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spagyrictt (Colonic, 1G25}, P. Poterius described the method of making the phosphor¬ 
escent stones, In 1748, F, M, Zanottua stated that in 1719 it had been demon¬ 
strated b y J, B. Beccari and others that the Bobgnian stone contained sulphur and 
an alkali. 

The mineral from which the lapis solam was made was also called the Bologna 
done or Bologna spar. J. 0, Wallerius regarded Bologna spar as a kind of gypsum, 
and he called it gypsum spedhosum ; and A. F. Cronstedt considered it a distinct 
species and called it marmr metallicum. In 1750, A. S, Marggraf found that, this 
mineral contained sulphuric acid, but he regarded it as a comp mind of sulphuric 
acid with lime. About 17(50, J. H, G. von Justi, commenting on the obscure nature 
of the mineral, said : 

O ur analysis has hero reached i ta I imito, wo know of no smel Ling operat ion wh ich will enable 
anything to bo obtained from the spar. Many skilled chemists and assayed have bore 
tried their art in vain, 

C, W. Scheele's investigation, De magnesia nigra (Stockholm, 1774), revealed the 
presence in manganese oxide of " an earth differing from all earths hitherto known," 
whose soln. in phosphoric, tartaric, or hydrofluoric acid gave an insoluble white 
precipitate with sulphuric acid; and in his De arsenieo cjuxgue ttcido (Stockholm, 
1775), C. W, Scheele made further observations on this now earth which he called 
terra pottderosa, and stated that he had been informed by I, G. Calm that the new 
eaTth is the basis of heavy or ponderous spar. 0, W. Sdiecle made a special 
Emmen ehm&um de terra potidcrosa in 1779, and it was soon identified with the 
Bologna spar. 

T. Bergmann, in his Htiagraphia regni mincralis (London, 17&3), assumed that a 
carbonate of terra ponderosa would occur in nature, and this was discovered in 
1783 by W. Withering, at Lradhills (Scotland). A. 0. Werner called the mineral 
t eitherite, A. K de Fourcroy and L. N. Vauquelin (1797) prepared terra pondema 
by calcining the nitrate. L. B. Guyton de Monreau recommended the term harote— 
from /Japtff, heavy—in place of terra ponderosa, and this term was later changed into 
baryta in conformity with A. L. Lavoisier's nomenclature, and the metal was called 
barium, E. D. Clarke proposed calling the metal plutonium, but the suggestion was 
never adopted. 

A mineral resembling heavy spar, found associated with the ore in the lead 
mines of Strontian in Argyllshire, attracted the attention of T. C. Hope ^ In 1790, 

A, Crawford, baring his opinion on the experiments of his assistant, W, Cruiekshank, 
emphasised the conspicuous difference in the form of the crystals of the chloride 
derived from this mineral, and from barytes ; and on the difference in the solubilities 
of the two chlorides; and he conjectured that the mineral from Strontian differed 
from aerated barytes in containing a peculiar and hitherto unknown kind of earth. 

B. Pelletier reported that a sample of the Strontian mineral had been transmitted 
to a French chemist of note, who did not publish the result of his analysis because 
die ne m’avoit fourni rien de particulwr. T. C. Hope reported the results of his first 
experiments in 1792, and in 1793 he gave An account of a mineral from Sfrowricm 
and of a peculiar species of earth which it contains r He added : 

Considering it as a peculiar earth, I thought it necessary to give it a name. I have called 
it stnmtUen, from the place whore it was found ; a mode of derivation, in my opinion, fully 
as proper as any quality it may poncse, which is the present fashion. 

In 1793, also, M, H, Klaproth compared the peculiarities of the two earths, and 
concluded from (i) the smaller sp. gr. of the strontian earth; (ii) the difference in 
the crystals of the carbonates; (iii) the difference in the crystalline form of the 
nitrates, acetates, and chlorides ; (jv) the difference in the water of crystallization; 
and (v) the red colour imparted by the strontian earth to a flame, that strontian 
earth is due sdhstUndige dnfache Erde. T. Bergmann believed that baryta is precipi¬ 
tated from eoln. of its salt by potassium ferrocyanide,and this reagent waa afterwards 
suggested as a means of distinguishing baryta from etrontia; but F. Moyer showed 
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in 1786 that T. Beigmann’s ferrocyanide must have been contaminated with sulphate, 
Imcause the purified salt gives no precipitate with barium salts, and this was con¬ 
firmed by M. H, Klaproth, R. Kirwan also investigated the properties of strontian 
earth. J. T. Lowiti! found that strontian earth accompanied baryta in withorite. 

The ideas of J* J, Becher, G. E. Stahl, and R. Boyle 4 on the relation of earthy 
substances to the metals were founded on the alchemical hypothesis tirnt the metals 
were compounds of an earth with some igneous principle or phlogiston. About 
1756, C, Neumann made some unsuccessful experiments to obtain a metal from 
quicklime. T, Bergmann suspected terra ponderoea to be a metallic calx from its 
high ap* gr, \ and A, L. Lavoisier extended the hypothesis to all tlic metallic oxides : 

II soroit possible A la riguour que toutco Jen tiubBrimccMauxqudlc^nouuduiiJiQntf le nnm do 
terre, nn fusaent quo d©ti oxiden m6t»Uiqucs, irroductiLW par h'n moyens quo noua tunployona, 

M* Tondi and M, de Ruprecht stated that the earths can be reduced to metals by 
charcoal, but A. M. Savarcsi, and M, H. Klaproth proved thaMhe products wore in 
reality mixtures containing phosphide of iron derived from the bone-ash and other 
materials used in the experiment. Consequently, the latter concluded: iti pre- 
tendue reduction dee terres &n metaux nest qu'um pure illusvm. 

H. Davy's decomposition of the fixed alkalies fi led him to say : 

From analogy afcns it is mssonablo to expoct t hat tJw alkaline earths (uo compound* of a 
Himilar nature to tho fixed alkalies* peculiar highly uombuAlible Imam united to Oxygon. 
L have tried eomo experiments on barytes and atxontitcB ; and they go far towards proving 
that tliis must be the coso. When barytes and strontitea, moistened with water, wtsru 
acted ujxm by tho power of the battery* there whs a vivid action ftud a brilliant light at both 
points of communication, and an inrlarnmation at tho negative point. 

11, Davy attempted ti> deoxidize the earths by heating them with potassium in 
glass tubes ; he also modified the procedure employed in the deoxidation of the 
fixed alkalies, hut was not very successful. While engaged on these experiments, 
H, Davy heard by letter from J. J. Berzelius that barytes and lime could be decom¬ 
posed by negatively electrifying mercury in contact with them, whereby amalgams 
of the metals of these earths were obtained. Consequently, H. Davy repeated these 
experiments with barytes, stroutites, and lime ; and with perfect success. The 
resulting amalgams when thrown into water, disengaged hydrogen, mercury was set 
free, and an aq h soln* of the alkaline earth was obtained* H, Davy found the yield 
was improved by mixing mercuric oxide with the base. He then distilled the 
amalgams in sealed glass tubes filled with petroleum vapour, and found, as also did 
J. L, Gay Luseac and L h J. Thenard (1811), that it is very difficult to drive off the 
mercury. Although in eotne oases H* Davy obtained white metals, he never felt 
certain that a minute portion of mercury was not present. However, he claimed ; 

The evidence for the composition ol tho alk&linu earth* iti of tho name kind hm that for the 
composition of Iho ooinmun metallic oxides, and tho principles of tho decomposition &ru 
precisely similar, , * . Uji tho same principle* as 1 have named the ba»ea of the fixed alkalies, 
potassium and sodium, I shall venture to denominate tho motals ot the alkaline earths* 
barium, strontium, and calcium. 

T. J. Soebeck showed in March, 1808, that lime, baryta, magnesia, and alumina 
when electro Lyaed in contact with mercury, furnished amalgams of the bus in elements 
which behave with water like sodium amalgam ; and when distilled in the vapour 
of petroleum furnished a metallic powder. About the same time, J. B. Trommsdorff 
verified these results; and J, b\ A, Gbttling obtained metal spherules by the elec¬ 
trolysis of barium carbonate, hut calcium or magnesium carbonate did not yield tho 
same result. Coherent masses of these different metals were obtained later—fide 
infra. 
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§ 2, The Occurrence of the Alkaline Earths 

The metals of the alkaline earths do not occur free in nature, F. W. Clarke's 
estimate 1 of the relative abundance of these elements in the lithosphere or half- 
mile crust of the earth, is. 


CaLtium* Strontium. Barium, 

Percent.347 002 04)8 

The sea contains 0 05 per cent, of calcium ; this mokes an average of 3 l 22 per cent, 
in the earth, air, and sea. Calcium is one of the most abundant of the elements, 
and it comes fifth in the list of elements arranged in the order of their relative 
abundance ; strontium is leas abundant than barium, for it comes eighteenth on the 
fist, while barium comes sixteenth on the list, and it is widely distributed though 
in small quantities* The average composition of the typical rocks shows the 
presence of 

t eouij rocka rthnfo* ftaiuUtancB Li croton ej Weighted 

np« cent.). (4 per cent,). (IV76 per cent.). (<V£5 per cant.). average. 

Calcium oxide ♦ 4 48 3'11 5 50 42*57 i'Bfi 

Strontium oxide . 0-04 — — — 0-04 

Barium oxide ♦ 0‘IQ (M)6 0'05 — 0'09 

N, Ljubavin has compared the relative distribution of calcium and magnesium in 
the earth’s crust. 

Calcium is an essential constituent of many Tockdorcnmg minerals— e,g, in the 
amphiboles, pyroxenes, and scapofitc, as well as in epidote, garnet, and anorthite. 
The carbonate, CaCOj, is widely distributed as cMle or cdlcxpar, cragonite, chalky 
limestone, marble, coral, etc.; it occurs along with magnesium carbonate as dolomite, 
or, when crystallized, as bitter-spat ; and it occurs in isomorphous mixture with 
other carbonates as 

ChcUybiU or brown-spar, (Ca, Mg, Fe, MhJCO,; roangano-coicite, (Mn, Ca, Fe, Mfl]GO,; 
baryto-coltito or alsitmiU, (Ba, Ca}€0*; catcio-stronHoMte, {Sr, Ca)CO a ; plumbototueiit. or 
iamovritzite, (Oa, Pb)CO t ; gvylusrite or naito-cakitt, Ka l C0j.C*C0 r 5H,0 j MraXtothaUUt, 
Ca^tCOjJrlOHjO; etc. 
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Calcium goouis in large quantities as sulphate, tungstate, and titanate : 

. Gyptum or ademte, CaSO ( .2H,Q; anhydrite, CaSO t ; gtoubrntt, NSfSGj.CaSO*; tyngtnU# 
or kakutite, KjSOj.CaSOt.B^O; achedite; CaWO,; cuprwchtdtiet (Ca* Cu)WO t i tmww* 
pilttt, CaU^O,; potybalite, K^O^M^O^SCaBOfSH^ ; krugdt, K,S0 4 .MgSQ4.4CaHO 4 . 
2H,0; vxtitwmt, (Na ,K) a [Cs* Mg)(S0 4 ) r m t 0 ; Ettringtie, Al t Ca t (0K) lt {S0 4 ) r Ull n 0 ; 
perowf&ite, CaTiO, j etc. 

There is a hydrated nitrate, fl&rocofctte* CalNG^aO.JfcHaO ; and several halides : 

ChlorocatdUt CaO t ; jfatar&par, CtFjj gearkautite, A1(F* OHJj.CaFj.HjO f jwchnolite and 
thomeenotoe, AlF,.N»F.CaF a .H,0 ; proaopite, 2A1[F P OlI),,Ca(F* OK),; wcrrita, {Mg* 
Ca^OF,; tackydrUe* Ca01,,MgCI lF ]2H,0 ; yttrocerite, [Y* Er, O)Fa.6CaF,.H,0 ; eta 

Calcium phosphate occurs combined with calcium chloride or fluoride as the well- 
known minerals apatite, Ca s (P0 4 ) a (Ci, F), and oMeotite, phosphorite , stajfdite, copro- 
lite, etc. In addition to the phosphates there are arsenates, antimo mates, tiiobates* 
tanbalatcs* and vanadates: 

Ara$niopUil&, (Mn* Fy),(Mn* (X Pb* Mg^^MnOH^AsO,), ; arsanoaidtrik, Fo*Ca|(OH),- 
(As0 4 ), j atoptie, (Ca* Na„ Fe, Mn),gb,0, i btrzdi^, (<Ja, Mg* Mn* NajhlAsO*},* 
boryckite, Fe 4 (OH) 4 .Ca(PO t ),.3H t O : Wwtote, MiiC&^AfiCWj.SHjO ;bmshite, CaHl , 0 4 .2H 1 0 * 
catcio-fenite, (Fo* A]) ( [OH) s {Cii* Mg)a(POt)*&U 1 0 i caryimtr, (Mn, Ce> Pb, MgJjfAsO*), ; 
curoftte, A1 ,Ca,( OH ) t ( PO| J, ? coUophane, Ca^ P0 4 ) t . H ,0 ; toppit?, Ca^CaF (Na* K ( ). 
CeO. (Cb,0 T ) 5 i dahlfac, CaJPO^CO^ 1H,G ; fairpddit^ [Ca* Mn* Fu) s (P0 4 ),.8H,0 ; 
jffiowtin, (Md* Fe* Na lP Cft),(Pt> t ),.JH s O ; goyazite, Al|QCajP |a ,0H a O ; h&idtngeritp, 
CaHAM) 4F JH t O j Wmfe* Ca{Bo{OH* Fe))P0 4 ; woclaae, Ca(CaOH)PO t .2H a O j 
cak-uranitc or autoinite, CafUO^POJ^SHtO > fcomrfttitak* (Cu* Ca)(CuOH)(As, P, VjO ( . 
iH a O ; martinis, Ca,H a (P0 4 ) 4 , ,0 1 mazapilile, Fe t [{ >H ) 4 Ca,(AsO*) 4 , 3H t O; thicralifa, 

Cft,Ta-0 \ vmitbtie, C3i(FG 4 ),.2H,0; pharrmcoliitt CflrHAH0 4 ,2H t O j picropharmacotito, 
(Ca, Slg) t (AsO 4 ),.0H,O ; polyxphQTU*i f [Ca* PbhfPOJ^Cl i rowetfc* CaSb,0 4 ; rwiditt, 
(Ca, Co* Mg) J (A&0,),.2H,0 ; xmn&ergite, Nft fl (Cfl0H)(AJ0) 4 (P0 4 ),(S0,) a .3H,0; tavixtoebite, 
AhCa^OHJ/POi),; ararmpinUe, CMUOjJjfAflO^BHjO ; volbQTthite, [Cu* Cft){CuOH)V0 4 . 

Calcium borate also occurs in nature associated with many other metallic borates : 

Boruc&e or btchUitr^ CaIir a 0 r 4H,O ; borwtatTQcalcite or ukxitr, NoCaH B O r 0H,O; cote- 
manitet Ca,P 4 0 1]P 5H 2 0; /ranifaftdiV^NajCaBjOi^THjO; hvdroboracitr, MgCaB^^j.GH^ ; 
pctndtrmitt, CajBjO^.aHjO. 

Calcium silicate is an almost invariable constituent of all the silicates, as well as of 
calcium silicates like wollastonite, CaSiOb ; apophyliite, (CajK^JH^Bi^Ofl ; etc* In 
addition, calcium occurs as an accessory constituent in numerous mmerak 

According to A. Cornu, 2 spectroscopic observations indicate the presence of 
calcium in the sun, and W. H. Julius, K. K. Young, and M. N* Saha likewise found 
calcium in some of the fixed stars. The same clement was found by J F L. Smith in 
meteorites— e.g. as calcium sulphide. 

r Calcium salts occur in spring waters 3 —usually as calcium sulphate, or as calcium, 
hydrocarbonatc^—and these salts as well as calcium phosphate and fluoride occur 
in sea-water. According to L. Dieulafait, the waters of the Mediterranean Sea 
contain 1‘4 grms, of calcium sulphate per litre* The behaviour of the calcium salts 
during the evaporation of sea-water has been studied by J. H. van’t HofT. 

, The experiments of E. V. McCollum, N, Simmonds, and H. T. Parsons show that 
calcium is one of the limiting factors in a large proportion of our staple foods, and . 
the amount of calcium required for normal human nutrition is estimated by 
H. C. Sherman to average about 0 + 45 grm. per 70 kgrrns* of body weight per day* 
Calcium U invariably found amongst the mineral constituents of animals and 
plants* The calcium salts accumulate more in the leaves than in the roots of plants, 
and crystals of the oxalate, whewdtite, Co^O^RpQ, are often present in the tissue. 
The ash of the rosace® are stated by F. J. Malaguti and J. Duxochcr to be particularly 
calcareous. Calcium occurs as phosphate along with a little fluoride in bones, 
teeth, etc* Eggshells and mollusc shells contain a lai^e proportion of calcium 
carbonate. According to W* Reisiuger, each of the following materials contains the 
indicated number of grains of calcium oxide per kgrm,; Beef, 0*31; white bread, 
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0‘28; potatoes, 039; white of tgg, 018; /oik of egg, J S7; peas, 0'68; fruit, 
0'3 &; beer, OW; cow's milk, 2'80 ; lea/ vegetables, 2‘5Q; ant/ root vegetables, 

m. 

Tie moat important strontium minerala are the sulphate, cwlestitte, SrS0 4 , 
and the carbonate, strovuiantie, SrCO^. More or less strontium also occurs associated 
with other minerals of the alkaline earths. For example, bromlite or baryto-calcite 
was stated by F. J. W, Johnston 4 to contain up to 6'6 per cent, of strontium carbonate 
in addition to the calcium and barium carbonates; and A. Dclesao found HO per 
cent. The so-called calriQ-strontianite or emmomte is an iaomorphous mixture of 
calcium and strontium carbonates. G, R> Crednor and L. Grandcan found almost 
all the varieties of aragonite which they analyzed to be strontianiferous, and 
E. Kiegel found a specimen from Thurnberg to contain 2 S3 per cent, of strontium 
carbonate, and S. do Luca found 7 per cent, in moasottite. G. Kirohhofl and R. Bun¬ 
sen found strontium spectroscopically in numerous varieties of limestone and 
chalk, gypsum, heulandite, stilbite, etc. T. Engelbach reported its presence in 
ealcites, marbles, dolomites, and limestones ; J. S. Stas found strontium in marble. 
W> N. Hartley and H. Ramage also found traces of strontium in many iron ores and 
minerals. The mineral laryto-ccelestine is an isomorphous mixture of strontium and 
barium sulphates. Heavy spar was also found by L. Graudeau to contain strontium 
and calcium. Strontium aluminium pyrophosphate, 2Sr0.3Al^Q].2P 2 0 5 .7H 2 0, 
is represented by the mineral haidinite or bowmanUe with between 18 and 20 
per cent, of atrontia. Brnv&terite has been reported with up to 9 per cent, of 
Btrontium silicate. Indeed, strontium is very common as a minor constituent of 
minerals and rocks ; and W. F, Hiilcbrand has emphasized the very wide distribu¬ 
tion of strontium in natural silicates. J. N. Lockyer observed what he believed to 
be strontium lines in the solar spectrum ; JL N. Saha has also discussed the subject, 

L. Collot studied the distribution of strontium in sedimentary rocks. The oeeurrencc 
of coelestine m limestones has been examined by W, II. Sherzer, E> H. Kraus and 
W, F. Hunt, A. Koch, H. Bauerman and C, le Neva Foster, M, Lachat, W. H. Phalen, 
etc. 

Strontium was found by J. J. Berzelius in many mineral waters—c.p. Carlsbad, 
Eger, ete,; T. J. and W, Herapath found it in a spring water near Bristol; A. and 
F> Dupr6, fo certain chalky waters like that of the Thames basin j F, A. Reuss, in 
the waters at Bilin; L. Gmelin, in the waters at Enis; K. W. G. Kastner, at 
Marienfels; R. H, Davis, at Harrogate; J. Steinmann, at Marienbad ; R. Brandes, 
at Pyrmont; 0, Henry, at Belters, Yie-sur-Seree, and Galmicr \ L. Dieulafait, at 
Schinznach, and Contrexeville; F. M. Tripier, in Algiers; L. F, Bley, at Erna- 
hrnim ; J. N. Pl&niava, at Luhateohiwitz; S. Baup, at Lavey; J. Girardin, St. 
Allyre; H, Bracounot, at Bulgneville; etc. According to G. Kirchhofi and 
R, Bunsen, a litre of water from Diirkheim contains 19 H mgrms. of strontium 
sulphate, and 81 mgrms. of strontium chloride; that from Theodorshall, 2 8G mgrms. 
of strontium chloride; and that from Ungemaeh (Baden-BadenJ, 2'3 mgrms. of 
Btrontium chloride.' Deposits from mine waters containing barium and strontium 
sulphates have been Btu&ed by G. Lattermann, and J. T, Dunn. A. Naupert and 
W. Wcnse found a small amount of strontium in carnabite and kainite; L. Graudeau, 
in the salts from Meurthe, the salt of St. Kicolas-Ynraug4viIle, glaubeiite, etc. The 
presence of strontium b sea-water has been reported by G. Forchhammer, G, Kirch- 
hofi and R. Bunsen, L. Dieulafait, etc.; in mollusc shells by L. Dieulafait; in the 
boiler scale of transatlantic liners, and in the ash of seaweeds —/moms ve&ieultwus — 
by G. Forchhammer. 

The chief mineral form of barium is heavy spar, barite, barytes, or barium sulphate, 
BaS0 4 , in which the barium may be more or less replaced by Btrontium or calcium, 
forming respectively cakMobarite, or baryto-cceiestine, (Ba, SrjS0 4 , and calceo- 
barite (Ba,Ca)SG 4 ; and with all three bases calstronbarite, (Ca, Sr, Ba)S0 4 . The 
mineral mtherite, or barium carbonate, BaCO s , is also an important source of 
barium. When the barium is partly replaced by calcium, the mineral is called 
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aktontie, bromtUe, r&olype, or barytocalcite, (Ba, Ca)CO a , The so-called baryta salt¬ 
petre or barium nitrate, Ba(NO^) 2l occurs as a mineral; there is also a phosphate m 
barytapatite , SBa^PO^.BaCla ; ur&nadrcite or bariwmtranite, BafUG^POJa 8H g 0 ; 
and a vanadate, votborthtie, [(Cu, Ca, Ba)0H! 3 V0 4 .6H 2 0 1 Small quantities occur 
in psilomelane, (Mn, Ba)0.Mn0 2l as harium manganite, and in many other man¬ 
ganese ores. The same element occurs as an essential constituent in many 
silicates, for example, bfewsterite, (Sr, Ba)H4Al 2 Si e 0 18 .3H 2 0; harmMome, (K 2j Ba)- 
HaAl^SiaO^AHaO; hyalapAwie, ot haryta-jekpw, (K 2 , Ba^Ala^O ^; ediwp 
tonite, H fl BaAl a Si 3 0 13 ; etc. Small quantities were shown by R. Delkeskaiup,* and 
W. F. Hillcbrand to occur in an extraordinary number of rocks and minerals— 
e.g. felspar, phillipsitc, chabasite, mica, granite, gneiss, clays, marls, limestones, 
etc. G. C. Wittstein discussed the occurrence of barium insilicate rocks. H. luttcr- 
korth also found barium in many sandstones. F. Clowes, W, Mackie, C. B. Wedd, 
J. T. Dunn, and C. C, Moore observed its action as a cement in sandstones, and 
A. Koch in bituminous limestones. W. Knop found barium in the Nile mud ; 
G. H* Faiiyer, in soils, and H, Schwarz, in the dust from blast furnaces. L. Collot 
has examined the distribution of barium in sedimentary rocks. The solar spectrum 
lines led G. Kayet to infer the presence of barium in the sun. M. N. Saha has also 
discussed the occurrence of barium in the sun and stars. Traces of barium salts 
have been found by H* Braudes, and R. Fresenius in the water of Pyrmont; by 
C. Lowig. in the waters of Rreuznach ; by H. Braconnot, in the waters of LuxeniL; 
by J. N. Planiava, in the waters of Luhatsohivitz ; and by T. S. Hunt, in other mineral 
waters. T. W. Richards found 41 parts of barium chloride ]ier 1(10,000 in the spring 
waters of Boston Spa ; J. ’White found nearly the sanm quantity in the artesian 
water of Ilkeston ; R. H. Uavis in waters at Harrogate ; and T. E. Thorpe, 6 G 
grains of barium chloride per gallon in the old sulphur well at Harrogate. P. Carles 
lias studied the equilibrium between barium hydrucarbonato and the soluble 
sulphates in the presence of carbon dioxide under press, in the waters of Ndris. A 
small proportion of barium was found by G. Forchhatmner in sea-water, and it 
accordingly finds its way into sea-plants, and in the sheila and skeletons of sea- 
organisms. 0. W. Scheele found this bone in the ashes of trees > G. E, Eckard, and 
R, Hombergor have verified thia, but U, Suzuki did not find any in phanerogams* 
P. P. Bedson, T. Richardson, and F* Clowes have observed the presence of notable 
amounts of barium in colliery waters, and in deposits therefrom. The pipes carrying 
water from the mines were often choked by deposits in which barium is rarely 
absent, and often the predominant constituent. Barytic sinters formed by the 
deposition of harium sulphate from the brine spring at Doughty Springs (Colorado) 
have been examined by W. P. Headden ; and at Lautonthal, by G. Lattermann. 
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g 3* The Preparation of the Metal* of the Alkaline Earths 

The three general methods for the preparation of calcium are : (1) the reduction 
of calcium compounds by the metals of the alkalies; (2) the electrolysis of cone, aq, 
fioln. with a mercury cathode ; and (3) the electrolysis of fused calcium halides. 
The unsatisfactory results obtained by H. Davy's and analogous processes for 
preparing calcium in all but minute quantities, led R, Bunsen 1 to investigate the 
electrolysis of a boiling soln. of calcium chloride acidified with hydrochloric acid, 
by a process analogous to that which he had found successful with magnesium. He 
obtained the metal, but the yield was not satisfactory because the metal, liberated 
at the high temp.^—calcium chloride fuses at 780*—readily ignited, and made the 
fused mass basic, (Jaloium alone fuses at about 800°, and ignites in air not far 
above this temp. There is, therefore, but a narrow range of temp, for the safe 
working of electrolytic processes. The molten metal also readily forms a metal 
fog. If the calcium chloride be contaminated with small amounts of salts of 
sttiitim, magnesium, or aluminium, these metals are deposited along with the 
calcium, and at some stage of the process, lower the m.p. of the calcium making it 
impossible to maintain the cell in operation. It is, moreover, difficult to make the 
anhydrous chloride from the hydrated salt because, during the expulsion of the 
water, hydrolysis occurs, and what is regarded as a hydioiychloride, HO.Cad, is 
formed. The calcium chloride is dehydrated by evaporatii^g the aq. sob. with an 
excess of hydrochloric acid, and a few per cent, of ammonium chloride. The white 
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porous cake is pulverized, mixed with more ammonium chloride and heated out 
of contact with moist air for several hours at 500°-d00 & . With the incompletely 
dehydrated electrolyte, hydrogen is evolved at the cathode, and oxygen is liberated at 
the anode whereby the latter is disintegrated; the liberated metal is slowly attacked 
by the fuped salt, hydrogen is evolved, and a sparingly soluble oxychloride is formed 
This thickens the bath, the conductivity decreases, and the yield of metal falls. 
R, Bunsen prepared mixtures of the alkaline earth chlorides with a lower m.p., 
and using high current densities, succeeded in preparing impure finely divided 
calcium, P. H, Brace tried a mixture of calcium chloride and fluoride, of calcium 
and potassium chloride, and calcium chloride alone os electrolytes, and concluded 
that if the last named be properly dehydrated, it forms a most suitable electrolyte 
There is d difficulty in completely drying the amalgam without some oxidation; 
it is exceedingly difficult to remove all the mercury by distillation of the amalgam ; 
and at best the product is a finely divided metal of rather indefinite composition 
which presents so much surface to the surrounding medium as to offer difficulties 
in working up into a satisfactory mass, 

A. Matthiessen obtained a coherent mass of the metal by the electrolysis of a 
molten mixture of calcium and strontium chlorides with a small amount of 
ammonium chloride, contained in a porcelain crucible and with a carbon rod as 
anode and a thin iron wire as cathode. A high current density was employed. 
B.yoyi Lengyel used a graphite cell with a porous cathodic cell. A. Feldmann 
electrolysed a haloid salt or a mixture of the haloid salt with an alkali halide, and a 
metal oxide. L. P, Hulin obtained an alloy of the metal by using a heavy metal 
or a mixture of carbon with a heavy metal oxide os cathode. The economical 
production of large quantities of calcium was an unsolved problem until it was 
recognized that the temp, of the fused salt must be kept above the m.p r of the 
electrolyte and below that of the metal. 0, Ruff and W. Plato kept down the temp, 
of the bath by using a mixture of calcium fluoride and chloride, melting at ubout 
655° or 660°. The objection to R. Bunsen and A. Matthiesaen*s process is that 
external heat is required in addition to that afforded by the current; as a result, it 
is very difficult to regulate the temp, so that a crust of chilled chloride will always 
cover the bath. W. Bombers and L, Sboekem avoided this difficulty by collecting 
the metal at the bottom of the bath. The metal did not combine with the chloride 
to such an extent as to invalidate the method. The bottom of the furnace was, 
however, cooled by means of a water-jacket. The apparatus finally employed was 
rather complicated. K. Arndt used ay electrolyte a mixture of calcium fluoride 
and chloride, and P. Wohler used a mixture of calcium chloride and fluoride (1; 0T7) 
with a m,p. of 6fjO° ; the temp, hath was (JGS^flO 5 ; a carbon rod was used as an 
anode and an iron rod as cathode. The. current density was 50 to 250 amps, per 
sq. dm. The current efficiency was 82 per cent, C. Burgel discussed the electro¬ 
lytic preparation of calcium, and B, von Lengyel prepared calcium of 99'2 per cent, 
purity by electrolysis in a cell with a porous diaphragm. 

W, Rathonau obtained fairly large quantities of calcium by the electrolysis of 
calcium chloride very little above its m.p. The iron cathode just touched the 
surface of the bath, and the calcium solidified on the rod. The rod was gradually 
raised, and as a result, a stick of the metal with a little adherent chloride was pro¬ 
duced, The end of the calcium rod, dipped in the fused chloride, then forms the 
lower end of,the cathode. J. H. Goodwin recommended a similar process with a 
carbon crucible as anode. F. C. Frary, H. R. Bicknell, and C, A. Treason used a 
graphite crucible which was water cooled at the bottom aa anode ; a water-cooled 
iron cathode; and fused calcium chloride as electrolyte. The heat duo to the 
current sufficed to keep the salt melted in the upper part of the cell. The cathode 
rod was regularly and continuously raised. The current density was 9 3 amps, per 
sq. dm. The e.m.f. averaged 25 volts, and the current efficiency usually exceeded 
80 per cent. Consequently, the energy efficiency is 80x3'24/25=10 per cent., 
where 3'24 volts represents the decomposition voltage of molten calcium chloride 
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at 800°. Consequently, the production of a kilogram of calcium required 42 kilowatt 
hours, W. Moldenhauer and J. Andersen made calcium practically free from 
potassium by the electrolysis of a fused mixture of calcium chloride with 15 per cent, 
of potassium chloride, by W. Rathenau’a process, and a current density of 60-110 
amps, per sq. dm. The current efficiency was 75-90 per cent. An electrolyte of 
calcium chloride with 60 per cent, of potassium chloride did not give a coherent 
stick of calcium—probably due to the formation of a calcium potassium alloy. 
A, R* Johnson, S. 0* Cowper-Coles, and P. H. Brace have also described electrolytic 
processes for making calcium* G. 0, Seward and E, von Kugelgen have patented 

the cell illustrated in Eig. 1, for the produc- 
@ tion of calcium by the electrolysis of calcium 

' ' chloride. 

The cell consists of a circular iron box, A , 
through the bottom of which projects a conical 
iron cathode, B f insulated from the box at aa. 
Tho carbon C, insulated from tho box, serves oa 
anode. A water-cooled collecting ring, K, separates 
the metal which rises to tho surface of the molten 
cliloriclo. The metal accumulates till tho ring is 
full, Tho top layer is cooled solid by the air, 
while the bottom is soft or melted. The solid 
part is fastened to a hook, F t which is gradually 
raised. The heat due to the current keeps the 
salt molten. Tho metal is protected from oxida¬ 
tion by tho Layer of fused siaH. 

The reduction of calcium iodide or phoa^ 
phide at an elevated temp, was proposed by 
R. Hare as a means of preparing calcium; 
H. Caron and E. Sonstadt proposed reducing 
Via. J.-G. (>. So™! and K v™ Ra!,iium chloride by sodium in the presence of 
Kiigelgon’a Electrolytic Cell for zinc ; C. Winkler, calcium oxide or carbonate 
Calcium. by magnesium; and H. Moissan, calcium 

oxide or carbonate by carbon. The last 
named, however, reported that ail these suggestions offered practical difficulties, 
jsfos oa wwi'ra graves, E, Stansfield did not succeed in getting Goldschmidt's 
thermite process to work with a mixture of calcium oxide and aluminium, 
using a mixture of calcium peroxide and aluminium for starting the reaction, 
Lies-Bodart and M, Jobin reduced calcium iodide with sodium, but the product 
obtained was really an alloy of calcium and sodium, H. Moissan modified the 
process, and obtained white hexagonal crystals of calcium of 98 + 9 to 99 2 per 
cent, purity* 

A mixture of GOO gnus, of anhydrous calcium iodide, with 240 grins, of email fragments 
of sodium, was placed in an iron crucible about a litre capacity. Tho crucible was dosed 
and kept for an hour at a dull red heat. The contents wore agitated from time to time. 
The calcium dissolved in tho excess of heated sodium, crystallised out an cooling, and the 
excess of sodium was removed by treatment with absolute alcohol. 

T* Curtius and J, Rissom obtained calcium by heating calcium azide, CaN^ for 
a long time to 120° or 150°* J* Malovich heated a mixture of calcium oxide or a 
calcium salt with sulphur and the sulphate or sulphite of another metal, between 
the m.p, and b,p, of the calcium. There is first formed a polyaulphide* of the added 
metal which by its decomposition reduces the calcium oxide* H. Moissan and 
G, Chavanne found commercial calcium with 99'3 to 99'6 per cent, of calcium, and 
the impurities were calcium chloride, silicon, aluminium, and traces of iron and 
sodium. K. Arndt found 0 2 per cent, of silicon and 0'3 per cent* of aluminium, 
and some calcium oxide and chloride. 

Strontium, as previously indicated, was obtained by H. Davy* R, Bunsen, and 
A, Matthiessen also prepared pieces weighing less than half a gram by the electrolysis 
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of a fused mixture of strontium and ammonium chlorides with a thin iron wire as 
cathode; and W, Botchers and L. Stockcm, R. Hare, B. von Lengycl, C. Winkler, 
J, Malovich, T. Curtius and J, Rissom, applied the process employed for calcium to 
this element. B. L, Glascock tried the method employed by J. H. Goodwin for 
calcium, but found it impossible to prevent the strontium either burning, or com¬ 
bining with the electrolyte. He obtained 76 gnus. of the metal by electrolyzing 
fused strontium chloride in an iron mortar L5 cms. diam. at the top, 15 cins. high, 
and a litre capacity, *A carbon anodeScms.xS cms. was used ; and the iron vessel 
itself served as cathode, A current of 135 amps, and 40 volts was employed for 

7 lira. The current efficiency was G'3 per cent. If the current passed longer than 

8 hrs., the current efficiency was diminished. The metal was separated from the 
cold mixture in the iron vessel, by crushing the contents on an iron plate, and sieving 
out the metal. M, Trautz electrolyzed a mixture of 3 mols of strontium chloride 
and 1 mol of potassium chloride contained in a tapering crucible at a bright red 
heat, A pointed iron cathode was cooled externally by water, and a thick carbon 
cylinder was used as anode. With 30 amps, and 10 volts, the current efficiency 
was 3EM8 per cent,, 90 grms. of strontium containing 97'3 per cent, strontium, 
0 3 per cent, chlorine, and 0'64 per cent, potassium were prepared. Only small 
masses of barium could be obtained by this process, B. Neumann and E. Bergve 
obtained strontium in sticks by the general method employed for calcium, hy the 
electrolysis of a fused mixture of strontium chloride with 15 per cent, of potassium 
chloride which melts at 628°. A current density of 20-50 amps, per sq. cm. 
cathode was used, and a current efficiency of 80 per cent, was obtained, 

R. Bottgcr, 2 and B. Frans prepared strrmlium amalgam by heating a sat. soln. of 
strontium chloride to S)()° with a 20 per cent, sodium amalgam, but it is more con¬ 
veniently prepared by A, (Junta and G. Rdderer’s process, namely, by electrolyzing 
a soln, of strontium chloride with a mercury cathode, washing the product with 
water, pressing between folds of filter paper, and heating to 150°, B. Franz placed 
the amalgam in an iron crucible, and heated it to redness in a stream of hydrogen, 
but the last traces of mercury are retained by the metal with great tenacity. 
A, Guntz and G, Rddorer first heated the amalgam with about 8 per cent, of strontium 
in vacuo to 700° and then to KMX) 0 in hydrogen. The mercury is thus completely 
removed and a mass of strontium hydride is formed. This is then heated in vacuo 
in small quantities in an iron tube contained in a porcelain tube. The hydride 
decomposes, and the strontium volatilizes. The vapour is condensed on a hollow 
polished steel tube cooled hy a stream of water. The metal thus obtained is 98'6 
to 99 0 per cent, purity, and it may be obtained 9!) 4 per cent, purity by redistillation 
in vacuo. A. Guntz and M. Galliot heated a mixture of strontium oxide with the 
calculated quantity of aluminium for four hours at 1000° in a steel tube placed 
inside an evacuated porcelain tube, and they obtained silver-white crystals of 99'4 
per cent, strontium as a crust on the walls of the steel tube. The yield was 
75 per cent. 

The isolation of barium or the preparation of barium amalgam was effected by 
H. Davy, 3 J T J. Berzelius, R. Hare, A, Matthiessen, R. Bunsen, A, Feldmann, 
L, P. Hulin, T, Curtius and J, Rissom, J. Malovich, 8. Kern, and C. Winkler, as 
indicated in connection with calcium and strontium. The electrolysis of the molten 
barium chloride furnished A. Matthiessen, and R. Hare with some globules of 
barium \ C. Limb used a fused mixture of barium and sodium chlorides as electrolyte. 
R. Graetz#! used the chloride and fluoride, A. Guntz said that some chlorine is 
evolved in the early stages of the electrolysis, and that barium subchloride is the 
main product. These results were not very satisfactory, although it is quite easy 
to make solid crystalline amalgams, containing over 5 per cent, of barium, by the 
electrolysis of a sat. soln. of barium chloride with a mercury cathode. R. Bunsen, 
W. CrookeB, J. Donath, R. Bottger, and E, Frey prepared the amalgam by the 
electrolysis of a sat, soln. of the chloride, and subsequently obtained the impure 
metal by distilling off the mercury. B, Neumann and E. Bcrgyc obtained barium 



by tie eiectroiy&ifl of a fused mixture of barium and potassium chlorides as indicated 
ui connection with strontium* 

S. Kern's process in which barium iodide or chloride is reduced with sodium, 
and the metal extracted with mercury was found by A* Guntz to give what ho 
regarded as a subhaloid complex, NaLBal, or NaCl.BaCl; and C. WinWord process 
of reduction of barium oxide with magnesium was found hy A* Guntz to furnish 
what ho regarded as a suboxide. E. D, Clarke reported the formation of barium 
by heating the oxide or nitrate in a cavity in a piece of chaiWI or slate before the 
oxyhydrogen blowpipe, but this is considered to be incorrect. C. Matignon observed 
that barium is readily obtained by heating barium oxide with silicon, in vacuo, in a 
steel tube at 1200*. The metal distils and condenses in the cooler part of the tube : 
3BaO+8i“BaSiQg-|“2Ba—37 cals. The silicon was also replaced by ferrosilicon 
(95 per cent, silicon}* The metal prepared by the distillation of mercury from the 
amalgam is invariably impure, because of the difficulty in drying the amalgam; 
in removing all the mercury by distillation; and in working up the powder to a 
compact mass. E. Stansfield obtained an impure alloy of zinc with about 12 por 
cent, of barium by H* Caron’s process of reducing barium chloride with zinc and 
sodium ; and he also heated barium oxide with aluminium by Goldschmidt's thermite 
process, using a mixture of barium jMjroxide and aluminium for starting the reaction, 
and working under reduced press. The product furnished an alloy of aluminium 
with up to 60 per cent, of barium. The substitution of magnesium for aluminium 
£Ave too violent a reaction, A. Guntz obtained barium by converting the amalgam 
into hydride, and, subsequently proceeding as indicated in the corresponding 
process for strontium* 
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^ 4. Tho Properties o! Calcium, Strontium, and Barium 

The inetala calcium, strontium, and barium obtained by the earlier workers 
—A. Natthiessen, 1 R. Bunsen, Lies-Bodart and, M. Jobin, B. von Lcngyel, J. Donafch 
—were tinted yellow. E. Frey first prepared calcium of a white colour which he 
likened to that of aluminium. 1L Moissan’s calcium was described as lustrous 
almost silvery white. According to H. Moissan, the metals are yellow when they 
contain the nitride, e.g, CagNg; and, according to 0. Ruff and W. Plato, the metal 
is yellow when it is contaminated with silicide* A. Guntz and G. Rftderer, and 
W. Borchers and L, Stockem obtained silvery white strontium. H. Davy described 
barium as silvery white ; W. Crookes as white ; and A, Guntz, white like tin or 
silver. 

Ii< Doermer noticed that a freshly fractured surface of electrolytic calcium 
showed small aggregates of the appearance of ice crystals embedded in the main 
bulk of metal. These aggregates are more readily acted on by moisture and less 
affected by hydrochloric acid in absolute alcohol than the ground mass ; they arc 
not observable in specimens of tlia metal which have been melted and allowed to 
resolidify. They are probably duo to impurities. According to J. H. Goodwin, 
the fractured surface of calcium is more brilliant than steel, and it has a greyish* 
white colour. The metallic lustre of the metal ia retained under petroleum. 
EL Moissan obtained hexagonal growths in the form of platelike crystal® or distorted 
rhombohedra, as well as dendritic six-rayed stars resembling snow crystals, making 
it appear as if the crystals belong to the trigonal or hexagonal system. Analogies 
between the calcium and magnesium families favour the latter. A, W. Hull found 
that the X-radlOgrams of calcium show that the crystals an: cubic with a face-centred 
cubic lattice, and that there are 4 atoms per elementary cube the side of which is 
5'56 A,, and the smallest distance apart of the atoms, 3'93 A. W. L. Bragg gave 
1*70,1’95, and 2 10 Angstrom units for the at. radius of the at, spheres respectively 
of calcium, strontium, and barium. 

The specific gravity of calcium w as stated by Lies-Bodart and M. Johin not to 
exceed 1 55 ; R, Bunsen and A. Matthicssen found 1G778 ; H. Caron, less than 
1*6 ; J. H. Goodwin, 1G44G (281°); B. von Lengyel, 15540 (18°); W. Mufchmann 
and co-workers, T4153 ; H. Moissan and G. Chavanue, 1548 ; P. W, Bridgman, 
1-5563 at 21°; W, Biltz and G. Hohorat, 1-542 at 22°/4°; P. H. Brace, 1'46 at 22° ; 
0. Ruff and W. Plato, 159 ■ and K. Arndt found for the distilled metal, T59. The 
best representative value for calcium may be taken as 153 (20°); and the atomic 
volume, 25 0, For strontium, R. Bunsen and A. Matthieasen gave a sp. gr. of 
2 504 to 2 58 ; M. Trautz, 2‘50; and B. Franz gave 2'4, H< Davy said barium ia 
heavier than sulphuric acid ; E. D, Clarke gave 4 for the sp. gr., and A, Guntz 3'78 
for purified silvery crystalline barium. C. T. Hey cock and E t H. Neville attempted 
to aetermini the mafeculai weight of calcium from its effect on the f.jp. of tin. 
M, N, Balia calculated the atomic radii of barium, strontium, and calcium from 
the ionization potentials. 

Calcium js a soft metal which like sodium can be cut with a knife. The haidllMS 
of calcium is stated by Ljes-Bodart and M. Jobin to be greater than* that of tin, and 
less than that of lead; and it can be cut with a knife. K. Bunsen and A. M&tthiessen 
found their sample was scratched by strontium, but was harder than lithium or 
lead; 0, Ruff and W, Plato found the hardness of their sample to be 2 2 to 2*5 on 
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Molis 1 scale, and was therefore softer than gold and bismuth, and harder than lead. 
According to J. H. Goodwin, calcium is harder than sodium, lead, or tin, almost as 
hard aa aluminium, and softer than cadmium or magnesium. He found that 
calcium is not hardened by heating it red hot and plunging it into water ; at 300°- 
400 s it is as soft as lead ; and when hot it can be filed and polished without losing 
its lustre hut not when cold. R. Bunsen and A. Matthiessen stated that strontium 
is harder than lead or calcium, while W. Borchers and L* v Stockem said it is as soft 
as lead ; and B. L. Glascock that it is harder than sodium and softer than calcium* 
A* Guntz found that barium is a little Larder than lead, and if a little mercury la 
present the barium is brittle, P. H. Brace found the Brinril hardness to be 42'5 
with a load of 500 kgmut., and the Shore hardness 19-20. M. von Wogau found the 
velocity of diffusion of calcium in mercury to be jfc~0 45 sq. cm , per day at 1G*2 U ; 
for strontium* £=0 + 47 eq, cm, per day at 9’4°; and for barium, 0 52 sq, cm* per 
day at; 7 8°. 

E. Frey found calcium to be brittle, and its malleability and ductility small, 
while Lies-Bodart and M, Jobin found it could be hammered into plates; and 
H. Moissan and G, Chavanno drew it out into wires 0 5 mm. diameter. B, Franz 
also found that strontium could be hammered to thin plates, and E. Frey that it 
could be rolled or drawn into wires. A. Guntz reported that barium is malleable 
like lead. J, H. Goodwin found the tensile strength of calcium to bo 8710 lbs. 
per sq. in,, or 612 kgrms. per sq. cm. T. W, Richards found the average Compres¬ 
sibility of calcium at 2(1° to be 5 7X10 - * between 100 and 500 megabars per sip cm. 
According to J. H. Goodwin, if some of the red-hot molten metal be collected on a 
wire* and struck smartly on the table, it will fly in all directions with a hissing 
sound, and burn violently with a blinding light. Similar energetic action takes 
place when the red-hot metal comes in contact with asbestos or other reducible 
substance, L. Doenner stated that the explosions which occur when electrolytic 
calcium either in the form of powder or shavings is struck on an anvil seem to be 
due to the presence of iron oxide. Calcium powder when heated evolves hydrogen 
which is reabsorbed when the temp, of the metal is lowered, 0* Ohmann observed 
similar explosions with sodium* potassium* lithium, and phosphorus; and small 
ones with aluminium and magnesium ; and he says it cannot be due to rust because 
similar results are obtained if granite or quartz be used in place of iron. The 
sparking which occurs when calcium is detonated is attributed to the evaporation 
of the metal, and subsequent chemical action. When the detonation is conducted 
in an atm. of oxygen, the light evolved is more intense than air. 

P. XV. Bridgman found the coefficient of cubical expansion of calcium from0 a to 
21° to be 0'000717. According to R. Bunsen and A. Matthiessen, calcium melts at 
a red heat, H, Moissan found commercial calcium to soften bctw T een 790° and 795°, 
and to melt at 810°; 0, Ruff and W, Plato give 78f)° for the melting point of 
calcium; K* Arndt gives 800”. A* Guntz and G. Rodcrer give 800° for the 
m*p. of strontium ; and A. Guntz gives 850° as the m.p. of barium, W. Gucrtlcr 
and M. Pirani give for the best representative values: calcium* 809 c ; and barium, 
850°j with strontium an intermediate value. H. Caron reported that the volatility 
of calcium in not marked at a red-heat, but when zinc is distilled from a zinc-calcium 
alloy, some calcium volatilizes. K. Arndt found calcium volatilizes in vacuo even 
below its m.p,; G* Bartha observed that calcium volatilizes in vacuo at 720° ; and 
0. Moissan sublimed the metal. N. B, Pilling calculated the vftpour pressure of 
calcium from the rate of evaporation in vacuo* and found: 

socr’ 100 * wo” floe' 1 roo° msf 900 * iooo fr 

prom. . 0-exlG-' 4-2xlQ- fl 37x10“* l-Exll)- 1 010 18 472 

and at the boiling point, 1340°, 760 mm. The vap. press, at the m,p, was 2 0 mm. 
He represented the vap* press.* p t at T° It.* by log 10170 +9'73 mm* for 

the solid, and log 9670T _1 +9'27 for the liquid. A. Guntz and G. Rftdersr 
found strontium evaporates considerably at 95t> c ; and A. Guntz that barium 
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volatilizes at 950°, rapidly at 1150*, and it can readily be boiled in vacuo. E, Tiede 
and E. Birnbrauer noted that in a vacuum furnace calcium volatilizes from a carbon 
boat at a red heat, and the vapour is rapidly oxidized in air, but if passed into 
dry petroleum, by a current of carbon dioxide, spherulitio aggregates are formed. 

The specific heat of calcium between “180* and + 20 ° was given by P. Nordmoycr 
and A, L. Bernoulli as 01574, and for barium, 0 0681; while A. Bernini gave 0145 
for the sp. hfc. of calcium Jaetwesn 0° and 20°; 01453 between 0° and 78°; 0149 
between 0° and 100°; and 0152 between 0° and 157°. At the temp, of liquid air, 
J, Dewar found the sp. ht. of calcium to bo 0 0714 ; of impure strontium, 0 0714; 
and of impure barium, 0 0350 ; the corresponding at. ht. for calcium is 2 86 ; for 
strontium, 4 80 ; and for barium, 4 80 ; R.,J. Brunner gave for calcium at T 3 K .: 

- 27 %* - - leu 7 c* hat mi* ■ioo u irfw* 

Sp,ht, , umm 11 j auo imus o-iotio unirz 02023 u-zam 

At. ht, . . 3-384 4-830 5’U(i4 li-092 £>-3«ti 6 688 S OWS 0GB2 


E, D. Eastman and W, H. Rodebufib also determined values for C r and (J v at timsp. 
ranging from 676°-393£>° K. The entropy of calcium is given by G. N. Lewis and 
co-workers as 10 64 for the solid, and 3(i'7l for the vapour at 25° and one atm, 
press. W* Mutkmann, L. Wcias, and J, Metzger found the heat ol combustion of 
calcium to be 80 097-81 32 Cals, per gram-cq ,—vide heats of formation of the 
oxides. 

According to J, H. Gladstone,* the retraction equivalent Afyt— 1)(D for calcium 
is 10 0, when A denotes the at. wt., and D the sp, gr. of the element. The value for 
strontium is 13 0 ; and for barium, 15 8. AY. d. Pope gave 13 95 for strontium and 
18 94 for barium, J. Kannonikoff found the refraction cq. of calcium in its salts 
for rays of infinite wavelength to be 911 ; strontium, 12 2 ; and barium, 15 40, 
R, Pold and P. Pringsheim, and T. W. Case studied tho photoelectric effect with 
calcium; the last-named also measured the effect of temp, with barium and 
strontium cells, AY, Crookes found that calcium gives an orange-yellow phos¬ 
phorescence in the cathode ray tube. H, R. von Traubeuberg found the range of 
the a-particles in calcium to bo 78 h 8xl(P 4 cm. M. N. 8aha gives SOOOVLOjOOO*, 
1500°, and 4000° for the estimated temp, of complete ionization, or the temp* of 
luminescence of barium, strontium, and calcium vapours, R, Whiddington studied 
the emission of electrons by the action of X-rays on strontium. 

The Bunsen flame is coloured a brick-red by calcium chloride and similar remarks 
apply to the alcohol flame. Strontium salts colour the flame a magnificent crimson ; 


.._ ^ Vtaief 



and barium salts, a yellowish-green. The flame spectra of the metals of the alkaline 
earths 3 arc not so simple as those of the alkali metals. G. Kitchhoff and R. Bunsen’s 
chart is illustrated by Fig. 2. AVhcn first introduced into the flame, certain bands 
appear which are different according to the particular salt introduced into the flame, 
and these spectra are supposed to be due to the particular compound employed. 
The final spectra are the same with all the different salts of a given metal, and these 
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Are accordingly attributed either to the metal oxide or the metal itself. The spectral 
lines due to any particular compound are maintained and strengthened by intro¬ 
ducing into the flame a gas which hinders the dissociation of the compound. This 
is the case, for instance, with a current of hydrogen chloride or chlorine in the flame 
coloured with the chloride ; of hydrogen bromide or bromine in the flame coloured 
with the bromide; and similarly with the iodide—wife the flame spectrum of copper. 
Some non-volatile salts— t,<j, the phosphate or silicatc-^may require a preliminary 
treatment with hydrochloric acid or ammonium fluoride before the spectrum can be 
obtained. W> N. Hartley and H. W. Mohs have studied the spark and the oxy- 
hydrogen flame spectra; and J. H, Pollok and A. G. G. Leonard the quantitative 
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spectra of the alkaline earths. The diagrams, Figs, 3 to 5, illustrate the flame 
spectra of calcium, strontium, and barium chlorides, and of the same salts with the 
flattie charged with hydrogen chloride. The letters M and 0 respectively denote 
lines attributed to metal and oxide, the others are due to the halide. In the calcium 
spectrum, the one line marked 138*2 is due to the metal; the lines 61 h 2 and 62*1 
ore due to the oxide; and the lines 4175, 42'25, 45'0, 457, 48'fl, and 62*2 are due 
to the chloride. In the strontium spectrum, the two lines 47*7 and 107'6 are due 
to the metal; the lines 30'3, 33 0, and 38'25 are due to the chloride \ and the 
remainder are due to the oxide. In the barium spectrum, the three hues due to 
the metal are 44 l Q, 61 % and G9'9 \ the lines 09'8, 72'9, 74'5, 76'0, 77'6, and 81*0 
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are due to the chloride ; and the remainder are usually attributed to the oxide. 
Hence it would appear from the spectra of the chlorides, that calcium has a greater 
affinity for chlorine than either strontium or baiium; and that barium has a greater 
affinity for oxygen than either strontium or calcium. According to W. N. Hartley, 
the oxides of the alkaline earth metals arc not dissociated by heat alone because 
they show no spectrum in the carbon monoxide flame; they are, however, 
reduced by the combined action of heat and hydrogen in the oxy hydrogen flame, 
and by the action of cyanogen in the cyanogen flame, The flame coloration is due 
to the metal because not only is the flame spectrum from lime essentially the same 
as that of the metal calcium, but also the heats of formation of the three oxides 
have nearly the same value, and where calcium oxide can be reduced, the other 
oxides oould undergo a similar reduction. As W, D, Bancroft and H. B. Wciscr 
have emphasized, it is dangerous to base arguments on thermochendual data when 
dealing with reversible reactions. 

The spectrum of the calcium salts, said G. Kirchhoff and R, Bunsen, shows 
numerous lines in the orange and green; the most prominent are the green line 
Cap, and the orange line Ca, r The latter is nearer the red end of the spectrum than 
the yellow sodium and the Sr B -Iine. The spectrum of strontium was first described 
by II. F. Talbot in 1625 ; G. Kirchhoff and R. Bunsen stated that the spectrum 
of strontium shows numerous lines, but the eight most prominent ones include nix 
in the red, one in the orange, and one in the blue. Of these, the line termed Sr a 
in the orange, Sr^and Sr ¥ in the red, and Sr^ in the blue art: the most characteristic, 
and are considered by E. H. Reieenfeld and H. E. Wohlers to be the most valuable 
in detecting this element. The spectrum of the barium salts is the most complex 
of the alkalies and alkaline earths. G. Kirchhoff and R. Bunsen say that the green 
lines Ba a and Ba^ are by far the most distinct; the line Ba T is not so prominent, 
but it is still well marked and characteristic. The spark spectra closely resemble 
the flame spectra of the metals. Prom R, Bunsen’s experiments, quantities as small 
as 0'00000 mgrm + of calcium chloride ; O'GOOOOG mgrm. of strontium chloride; 
and (MX)1 of barium chloride can be detected spectroscopically. With over 500 parts 
of calcium oxide to one of barium oxide, T, Engelbach failed to recognize the 
presence of barium spectroscopically. According to G. Mere, the calcium flame 
through green glass appears yellowish green; the strontium flame vanishes; and the 
barium flame appears bluish-green. When viewed through a blue glass, greenish- 
grey ; and the strontium flame appears purple or violet. According to R, Cartmell, 
when viewed'through the indigo prism, the calcium flame appears olive-green; 
and the strontium flame appears intensely red. A. 8, King studied the absorption 
spectra of calcium and barium vapours. B. E. Moore studied the excitation stages 
in the are spectra of calcium, barium, and strontium. 

In their study of the senes spectra, H, Kayser and C. Ftunge found that 36 out 
of the 106 calcium lines can be represented by two series of triplets corresponding 
with the following formulas—each equated to lOty -1 : 

i a3ftl9ei-l23M7n- a -9Gl(J9(ift-* [34041 17 - ]2G398N-’- a -34bC07»“* 

34O22l2“l23ft47n-*- J 001ft9Sn- J II mi4(V0fl- 
34073-82 -mr^n-^UflieBSn-* |34I9BU9- 120398n- ( -34<J097n^* 
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Fro, 0.—Series Spectra of Calcium. 

Numerous other regularities were observed by J. R, Rydberg. The arrangement 
of the lines in the series spectra of calcium, with n ranging from 4 to 9, h shown 
in Fig. 6. H. Kayser and C, Runge found only one senes in the spectral lines of 
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strontium, but H. Lehmann found a second. These formulae, each equated to 
lQ a A^ l T are: 

3L03Q-&4 —12232 8« -1 —837473ft - * [31220-12Q300n - “-301000^* 

I 31424 07-122328ft" 1 “837473» -4 II 31018-I20300n^ a -301000n - * 
,310l008-m328ft->^837473ft- 4 31800- 130300ft- J -301000ft-* 


Their graphic representation furnishes a diagram like tljat for calcium. J. ft. Ryd¬ 
berg, L, Borsch, and F. A. Saunders noticed some other regularities. H, Kayscr 
and C, Runge did not succeed in finding any formula for the 162 barium lines, 
although some triplets with constant differences were found. The scries spectra 
of the alkaline earths were also studied by W, M. Hicks, B. Gita, and A. Fowler. 
C. M. Olmsted studied the band spectra of the halogen salts of the alkaline earths. 
A. S. King and F. A. Saunders studied the arc spectra of calcium, strontium, and 
barium. 0. Holtz studied the arc spectrum of calcium; H, Hampe. that of 
strontium; and K, Schmitz, and II. George, that of barium. E. Fries compared 
the spark spectra of the alkaline earths, and the ore spectrum of the alkalies, and 
showed that the results agree with the hypothesis that when an electron is removed 
from its outer sheath by ionization, the spectrum of the clement is displaced to 
that of the element occupying the preceding position in the periodic system. 

L. F, Miller, M + Ritter, and W. Huggins and Mrs, Huggins have studied the 
effect of pressure on the H and K violet spectral lines—respectively 3968 and 3934 
—obtained in the spark spectrum of metallic calcium. With dense calcium vapour, 
the H and K lines as well as 3700, 3737, and 4227 lines are diffuse ; as the density 
of the vapour is diminished the lines are gradually enfeebled until the // and K lines 
alone appear. J. R, Rydberg has studied the effect of tmtpwtixm on the spectral 
lines of calcium, barium, and strontium; and T, Taka mine and N. Kokubu, the 
effect of the electric field on those of calcium, J, Stark and G, von Wendt 
investigated the effect of the canal rays on the alkaline earth metals; and 

E. Hjalmar, D. Ooster, and R. A. Sawyer 
and R. L, Becker, the effect of X-rayB» and 
the X-ray spectrum. 

According to J, H. Goodwin, 4 the specific 
electrical resistance of calcium at 0° is 3 43 
micro-ohms per cm. cube, the temp, cocff. is 
000457 ; and P, H t Brace found a metal with 
108 per cent, of chlorine had an electrical 
resistance of 677 micro-ohms per cm. cube 
at 22°. The resistivity or electrical resistance 
of calcium in micro-ohms per cm. cube, at different temp** has been also determined 
by E, F. Northrup, The results are indicated in the graph, Fig. 7, C* L, Swisher 
obtained 46 micro-ohms per cm. cube, and a temp, coeff. of 00034 per degree ; 
J- JL Goodwin obtained a temp, coeff of O'00457. P. W. Bridgman found that 
with press,, p t in kgrma. per sq, cm,, the electrical resistance at 0° is: 
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The press, coeff. of calcium increases with rising temp.; that of strontium 
decreases very slightly at 0° with rise of press,, but at 50° it increases with rise of 
press, to 2000-3000 kgrma., then shows a flat maximum, and then decreases; at 
100° the behaviour is like that at 60° except the maximum is sharper, and occurs at 
700 kgnns. The temp, coeff. of both metals falls with rise of press. The electrical 
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conductivity of calcium at 20“ is 45T if that of silver of the same area and length 
is 100; and the conductivity is exceeded only by that of silver, copper, gold, and 
aluminium ; for the same weight and length of metal, the conductivity of silver 
is 32 G when that of calcium is 100; for strontium the conductivity is 6 71. 
R. Bunsen and A. Matthiessen say that strontium is more electropositive than 
magnesium and more negative than calcium and the alkali metals. M, Born 
estimated the he&t of hydration of Ca"-ions to he 344 Cals.; X, Fajans gave 476 
Cals. H. Grimm estimated the ionic radii of barium, strontium, and calcium ions, 
and W. T. Davey gave 12J) A. for the Ca'Mon, 142 A. for the Sr'-ion, and 156 A* 
for the Ba’-ion. 

E, F. Northrup determined the thermo-elcctromotive force, or the foebeck 
effect, of the calcium-aluminium couple, and found, in micro-volta : 

0* 24“ G1 2‘ GG* J40 n M"4“ 02 s Gfl* ]0u * 

K.m L - 0 218 5J4 6J58 940 1)08 1UOO 1027 Hm 

The results at 335^—1^. 3060 micro-volts—on wire protected from oxidation, were 
not consistent owing to oxidation of the calcium at the joint. The direction of the 
current was through the hot joint from the calcium to the aluminium. 0. L. Swisher 
found calcium is thermoelectrically positive towards lead giving 8-9 micro¬ 
volts per degree at 5(F and 14 0 micro volts at 400°. The Ulomson effect is positive 
for calcium. P. Pascal studied the diamagnetism of the metals of the alkaline 
earths. 

A resonance potential represents the intensity of the energy of an electron which 
is capable of bringing a change in the molecule of the gas— e.g. the dissociation of 
hydrogen into electrically neutral molecules : On the other hand, the 

ionization potential represents the intensity of the energy which must he imparted 
to aiv electron, in order that by its collision with an atom or molecule it may cause 
an electron to be eliminated— e.g. or F. L. Mohlwr and 

co-workers 5 found that tho ionisation potential of calcium vapour is 6 01 volts, 
and there are two resonance potentials,one at 1 9(J volts and another less pronounced 
one at 2 65 volts, J. C. McLennan and J. F. T. Young obtained 612 volte for tho 
ionization potential of calcium vapour; S‘7 volte for that of strontium vapour; 
and 5 21 volte fur that of barium vapour. P + D t Foote and F, L. Mohler found that 
calcium vapour is not ionized by heating it to 700° ; and they gave 1 90“2 85 volts 
for the resonance potential, H, Grcinacher studied flame ionization by strontium 
salts. E. Rutherford and J. Chadwick obtained little if any evidence of the 
emission of long-range particles, detected by scintillations on a zinc sulphide 
screen, when a-pnrticles pass through calcium, B. Gudden and R. Pohl measured 
the electrical conductivity of phosphorescent calcium under a field strength of 
16,000 volte per cm, Y. L + Chrisler studied the potential gradient in the arc with 
electrodes oL barium, strontium, and calcium. P. Pascal determined the magnetic 
susceptibility of the alkaline earth metals and their compounds. 

According to H. Davy, 6 finely divided calcium oxidizes rapidly when exposed 
to the air at ordinary temp,, and H, Caron found the metal is covered with a grey 
him after it has been exposed to dry air, H. Moistmn found extremely finely divided 
calcium, such an is obtained by the evaporation of a so In. of calcium in liquid ammonia, 
inflames spontaneously on exposure to air. H + Davy, and B. Frans likewise found 
strontium oxidizes in air. H* Davy, A. Matthiessen, E. D. Clarke, and AV. Crookes 
made similar observations with respect to barium. When the clean, bright metal 
is exposed to air, A* Guntz and G. Roderer found the surface immediately becomes 
dull, then yellowish-brown, and later grey, owing to the formation of oxide and 
nitride. A. Guntz mode similar observations with respect to barium. According 
toH. Davy, when calcium is heated in air, it burns with a brilliant flame* J, H. Good¬ 
win heated the metal red hot without ignition, and he found it to be quite soft at 
this temp. R, Bunsen and A. Matthiessen found strontium bums when heated 
in dry oxygen. A. Guntz found that finely divided 98*35 per cent, harium ignites 
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spontaneously in air. Barium also readily burns when heated in air. Lies-Bodart 
and M* Jobin found that when calcium is heated by the blowpipe flame, it is covered 
by a film of oxide which protects the metal and renders combustion difficult. 
H. Moissan found that when calcium is heated to 300°, it bums vigorously in oxygen 
gas, and the heat of combustion is so great that some calcium oxide is volatilized, 
but no peroxide is formed. Dry oxygen has no action at ordinary temp, W. Strecker 
and R Thiencmann studied the action of ozone on stfln. of calcium and barium 
in liquid ammonia; they found that ozonates analogous with those of the alkali 
metals were formed, contaminated with products of the action of ozone on ammonia. 
Calcium is one of the most active of elements and it seems to combine with all 
excepting the inert gases. According to L, Maquenne, nitrogen is absorbed by the 
hot metals of the alkaline earths forming a nitride* 0. Ruff and co-workers found 
that the pure calcium is passive towards nitrogen, while metals more strongly 
positive— v,g. barium, strontium, sodium, and potassium—accelerate the absorption 
of nitrogen ; some metals—c.#. magnesium, lead, and tin—have no effect; othera 
— &g, arsenic and antimony—retard it; and some— e.q. bismuth, copper, and zinc 
“inhibit the action* It is hence concluded that the heteropolar nature of a 
metallic surface favours the combination with a homopolar gas. H, Moissan 
observed that when calcium is heated to dull redness in air, oxide and nitride are 
formed, A. Guntz and G\ Roderer likewise found that when strontium 10 heated 
in air, oxide and nitride,, but no peroxide, is formed. When the metals of the 
three alkaline earths are heated with hydrogen, the gas is absorbed and hydrides 
are formed (f,t’*), E, H. Newman noted the absorption of hydrogen and nitrogen 
by calcium in the electrical discharge tube. 

Calcium was found by Lics-Bodart and M. Jobin to be rapidly covered with 
calcium hydroxide and carbonate when exposed to moist air, H. Davy's prepara¬ 
tion of calcium vigorously decomposed water, but H, Moissan showed that with 
cold water the action is slow, in consequence of the formation of a protective layer 
of calcium hydroxide; since the last-named compound is soluble in a sain. of su^ar, 
calcium is dissolved more rapidly by a soln, of sugar than by water. Strontium 
was also found by R. Bunsen and A. Matthiessen to react turbulently with water; 
and A. Matthiessen, H. Davy, and E. D* Clarke noted that barium reacts with water 
at ordinary temps. The action of water on calcium is more vigorous if a little 
ferric chloride, auric chloride, or platinum chloride be present—a galvanic couple is 
possibly here formed. Lies-Bodart and M* Jobin found a soln, of sodium carbonate 
attacks calcium very slowly. According to J* H. Goodwin, when calcium made 
in an iron vessel is treated with water, it sometimes gives hydrogen with an odour 
of acetylene ; this is probably due to the calcium extracting some carbon from 
the iron. Calcium can also extract sulphur and phosphorus from iron. 

According to H. Moissan calcium is vigorously attacked by fluorine at ordinary 
temp., the mass glows with a Ted heat, and cubic crystals of calcium fluoride will bo 
found in the molten product; at 400° Chlorine likewise attacks calcium with incan¬ 
descence, forming fused calcium chloride* A* Guntz and G* Rodemr found strontium 
is not changed by cold chlorine, but when warmed, the metal is attacked, and at 
300 a , the metal burns with incandescence. The combustion of strontium in chlorine 
was noted by R. Bunsen and A. Matthiessen* According to R MoiHsan, liquid 
bromine has no action on calcium, but with bromine vapour, combustion occurs 
at a dull red heat. Strontium was found by R, Bunsen aiul^A. Matthiessen, 
and by A, Guntz and G, Roderer, to burn in bromine vapour at 400°' forming molten 
strontium bromide. Accoiding*to R. Bunsen and A. Matthiessen, B, von Lengyel, 
and H. Moissan, iodine can be heated to its h.p. without acting on calcium, but 
at a higher temp., a vigorous reaction occurs. A. Guntz and G> Rbderer found 
iodine unites with strontium below a red heat. According to H, Moissan, when 
calcium is heated to dull redness m a stream of hydrogen chloride, it glows, and 
forms calcium chloride, A. Guntz and G. Rfiderer found strontium behaves simi¬ 
larly at G00°. B, von Lengyel, and R* Bunsen and A. Matthiessen found dil* 01 
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cone, hydrochloric add reacts turbulently with calcium with the evolution of 
hydrogen. A. Guntz and G. Rdderer found strontium behaves similarly. H. Mois¬ 
san observed that the alkali chlorides are reduced by calcium at a red heat— 
W* Muthmann, L, Weias, and J* Metzger say at 950° to 1200* or 1600*. F. M. Perkin 
and L. Pratt found that the alkali metals volatilize and bum during the reaction, 
H* Moissan found the alkali iodides under similar conditions are not attacked; 
and c&loram chloride or* iodide are reduced to the corresponding subhalide. 
W* Muthmatin and L. Weiss say that cryolite at a red heat is reduced to aluminium; 
and that gtrontiuin and b&ritun chloride furnish alloys which are readily oxidized 
in air, F. M. Perkin and L. Pratt obtained similar results. According to L, Hack- 
spill, when calcium is heated with silver chloride or cuprous chloride at a red heat, 
the corresponding metal alloy is formed ; chromic chloride is reduced to chromium, 
but tonic chloride is not reduced. F. M, Perkin and L. Pratt found lead chloride 
to react explosively with calcium, forming an alloy ; aluminium chloride under 
similar conditions also yields an alloy. According to H. Moissan, calcium reduces 
boron bromide or boron nitride, forming boron and the corresponding calcium salts. 

B. von Lengyel found that calcium burns in sulphur vapour with a very 
brilliant white flame, and, according to H* Moissan, the reaction begins about 400*. 
F. M. Perkin and L. Pratt say that a mixture of calcium and sulphur, fired by ■ 
a taper, reacts explosively ' and that lead sulphide (galena) docs not give lead, 
but a grey solid which gives off hydrogen sulphide when treated with hydro¬ 
chloric acid. R. Bunsen and A. Matthiessen found that strontium like calcium 
burns in sulphur vapour forming, according to A. Guntz and G. Rdderer, strontium 
sulphide. PL Moissan found that Selenium and tellurium react like sulphur with 
calcium at a dull red heat. Gaseous hydrogen sulphide reacts vigorously with red- 
hot calcium, forming calcium sulphide, CaS. According to A. Guntz and G. Rbderer, 
strontium behaves similarly. H. Moissan found that calcium at a dull red heat 
burns in sulphur dioxide, forming calcium sulphide. R. Bunsen and A. Matthiessen 
found that calcium and strontium are attacked vigorously by dil. sulphuric acid, 
and slowly by the cone, acid, forming, according to H* Moissan, sulphur dioxide, 
sulphur, and hydrogen sulphide, while fuming sulphuric acid reacts similarly, 
but furnishes no hydrogen sulphide. According to A. Guntz and G. Rmlerer, with 
the cold acid, a layer of solid strontium sulphate is formed which hinders the 
attack by the acid. H. Davy noted the action of sulphuric acid on barium. 

F. H. Newman studied the absorption of nitrogen by calcium at the cathode 
of a vacuum tube* H. Moissan found that calcium does not react with nitrogen 
at ordinary temp., but at 900° a nitride is formed ; he also found that ammonia 
does not react in the cold with calcium ; liquid ammonia dissolves the metal, 
forming at —40* the so-called calcium-ammonium. A. Guntz and G. Rdderer 
observed that strontium, and A. Guntz, that barium, behave similarly. According 
to H, Erdmann and H. van der Smissen, ethylaminc reacts with calcium at 
forming calciujn hydride and nitride. Calcium heated to dull redness burns vigor¬ 
ously in uUeuub oxide forming molten calcium oxide, free from the nitride. Accord¬ 
ing to A* Guntz and G. Rdderer, when strontium is heated to dull redness with 
nitrogen peroxide, the metal is oxidized less energetically than in air and strontium 
nitride is formed. They also found that diL hot cone* nitric add was found by 
B. von Lengyel to dissolve calcium, while K, Bunsen and A. Matthiessen and 
H* Moissan noted that the reaction with fuming nitric acid is very slow, but if the 
acid be diluted the reaction is faster. A. Guntz and G. Rdderer found strontium 
behaved similarly* Calcium reacts with phosphorus, forming the phosphide; with 
arsenic forming the arsenide; and with antimony or bismuth, alloys are formed. 
A* Guntz and G. Rdderer observed that strontium reacts with the vapour of arsenic 
at 450 a , forming—possibly a black arsenide—which reacts with water giving off 
arsine, and leaving behind a dark brown powder. H* Moissan observed that at 
a red heat, phosphorous pentoxide reacts explosively with calcium. At about 
600°, boric ozidft is reduced to a brown mass without producing calcium boride ; 
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calriom Aoittto is reduced to a mixture of boron and calcium boride, CaB$. Accord¬ 
ing to X If, Portia, a mixture of boric oxide or of sodium borate wifi calcium, 
when ignited with a fuse of sodium peroxide and calcium, furnishes a mixture of 
what appear* to be boron and calcium boride, which can be used in placeof boron 
for mating boron trichloride. 

Calcium 1 woe found by H. Moissan to react vigorously with carbon \ the reaction 
is attended by the evolution of much heat—and it bogjus with soot at a dull red 
heat, and with graphite at a rather higher temp, A. (Junta and G, Roderer found 
that when heated with strontium, carbon forma a grey product which develops 
acetylene when treated with water. According to H. Moissan, liquid acetylene 
does not react with calcium, hut when calcium is warmed in the gas, a layer of 
carbon is fonned on the metal, and the remaining gas is polymerized. When heated 
in a stream of acetylene, the metal burns, forming calcium carbide and hydride, 
A. Guntz and G. Roderer found strontium is blackened by acetylene at 600and the 
metal is covered by a protective layer of carbon, hut very little carbide is formed. 
The reaction with ethylenft begins at a dull red heat, and a layer of carbon is formed 
on the metal which hinders the reaction ; acetylene is simultaneously formed \ 
methane reacts similarly. R* Bunsen and A. Matthicssen observed that calcium 
burns brilliantly when heated in carbon dioxide* 0. P* Watts represented the re¬ 
action as furnishing carbon and calcium oxide; autlH* Moissan found that if the temp* 
is not so high, the metal is covered with a layer of carbon and calcium carbide 
and carbonate which hinders the reaction—some carbon monoxide is also formed* 
R. Bunsen and A. Matthiesson found strontium reacts similarly with carbon dioxide* 
A. Guntz and G. Roderer said that strontium burns as energetically in carbon 
dioxide or coal gas as in air, but not ao vigorously as calcium. JL Moissan said 
that calcium at a dull red heat decomposes C&rbon monoxide* forming carbon 
and calcium carbide; and A. Guntz and M* Mant.rel observed a similar reaction 
with barium. A. Guntz and G. Riiderer found strontium behaves in carbon 
monoxide as it does in carbon dioxide. Dil. acetic OCid dissolves the metal 
vigorously with the evolution of hydrogen, and H. Moissan made a similar 
observation with calcium and acetic acid. Lies-Bodart and M. Jobin say that 
absolute alcohol is without action on calcium, F* M, Perkin, and L. Fratt 
found calcium must be used with care as a drying agent for alcohol, because 
after half an hour’s contact, a turbulent action occurs, hydrogen is evolved 
and calcium ethoxide is formed. Calcium was also found by H. D. Law and 
F. M. Perkin to react with ketones* According to A, Guntz and G* Roderer, 
absolute alcohol dissolves some strontium, but dry ligroin, toluene, turpentine, 
etc*, have no action on the metal* J* A. Wanklyn found calcium attacks Kinf 
ethyl Calcium and silicon combine at a red heat, forming a silicide ; while silica 
is reduced by calcium or strontium, forming the silicide and a little silicon. R, Bunsen 
and A. Matthlessen found glass and porcelain are vigorously attacked by calcium 
or strontium at a red heat. A. Guntz and G. Roderer said that strontium does not 
reduce silicon tetrachloride. 

H. Moisaan found that sodium dissolves calcium at a high temp, and that the 
calcium oystallizes out agtiinon cooling ; potassium possesses this quality in a smaller 
degree. According to W. Muthmann and L. Weiss, when a heated alloy of calcium 
and sodium is cooled it forms two layers, and potassium behaves similarly, H* Mois~ 
son found that calcium forms brittle alloys with magnesium, zinc, and nickel, 
and these alloys decompose water; A* Guntz and G. Roderer observed that nickel 
alloyH with, strontium. A, Guntz found that nickel is attacked by barium more than 
is the case with iron* H, Moissan found that calcium reacts vigorously with tin, 
but the alloy retains only a little calcium, and it too decomposes water slowly. 
W, Muthmaun and L, Weiss say that calcium docs not alloy with lead or tin; and 
L, Hackspill that it forms no alloy with chromium, hut it does so, under press*, 
with iron, A. Guntz found iron is but little attacked by barium, H. Moissan 
found that when calcium is rubbed up with mercury, an amalgam is produced; 



THE ALKALINE BARTHS 


641 


A. (Junta and G. Rdderer observed that strontium, and R. Bunsen and A. Mafcthiesecn 
that barium, forms an amalgam under similar conditions. The alkali oxides— 
lithium, sodium, and potassium—are reduced to the metals when heated with 
calcium; and the alkali hydroxides are similarly reduced with detonation. This 
agrees with the heats of formation of the oxides, {Ca, 0)=146 Cals, ( (2K, 0)=98 + 2 
Cals., and (2Na, Q)—1009 Cola. t\ M. Perkin and L. Pratt could not obtain metals 
from the hydroxides of th<* alkalies or the alkaline earths. No strontium was obtained 
with strontium oxide and ealcium although there is a vigorous reaction; with 
calcium oxide and calcium, a suboxide is formed, F. E. Weston and H. R. Ellis 
partly reduced lime and magnesia by calcium, but in the latter case, a nitride is the 
chief product. H. Moissan found that uranic Oxide* UOj ; titanic oxide, TiO a ; and 
vanadium pentoxide, V 2 0 c , arc reduced to a lower state of oxidation by calcium. 
A, Burger obtained uranium of a high degree of purity by the calcium reduction, 
and likewise also titanium and zirconium—the latter from zirconium oxide, 
F, M. Perkin and L T Pratt found titanic oxide is reduced to a metallic powder; 
tungstic oxide is reduced to the metal, and the reaction is so vigorous that both 
the metal and the calcium oxide are fused ; alumina is reduced to a metal powder. 
F, E. Weston and H. R. Ellis also reduced alumina by calcium. A, Burger like¬ 
wise obtained molybdenum from molybdie oxide. According to F. M. Perkin, 
a mixture of calcium with ferric oxide gives the corresponding metal; similar 
remarks apply to mixtures of calcium with manganese dioxide, or with chromic 
oxide. The chief objections to the use of calcium for reducing the oxides to the 
metal are the great violence of the reaction, and the invisibility of the calcium 
oxide. According to A. Burger, the reduction by calcium is unsatisfactory with 
silica ; cerium dioxide is reduced to the sesquioxide; and thorium dioxide is not 
reduced. 

Some reactions ot analytical interest, —The chlorides of the alkaline earths 
may be regarded us typical, Aq. ammonia free from carbonate gives no precipitate 
with salts of calcium, strontium, or barium, although if the ammomacal solo, be 
exposed to air, car bon‘dioxide is absorbed, and the carbonate of the alkaline earth 
precipitated. An ummoniacai sola, of commercial ammonium carbonate contains 
ammonium carbonate and carbamate. This soln r gives a flocculent precipitate of, 
say, calcium carbonate which becomes crystalline on standing, and more rapidly 
on heating. The reaction: Ga(Jl 2 +(NH 4 ) s jCO 3 T^0aCm-2NH 4 CU is reversible 
so that an excess of the precipitant is needed, and the soln, should not he boiled 
longer than is needed to change the llocculcnt precipitate into a crystalline one. 
If a large proportion of ammonium chloride is present, and only a small proportion 
of the carbonate, no precipitation may occur. A solo. of ammonium carbamate 
alone gives no precipitate because the carbamates are soluble, but if tho soln. be 
wanned over EHJ & , ammonium carbamate forms i-arbouate, and the alkaline earth 
carbonate is precipitated. F, Jackson 7 gives as the limits of the reaction with 
barium 1 : 4000, with strontium l : 16,000, and with calcium 1 : 1^000. R* FrescniuB 
gave 1:163,000 for calcium, and 1 :201,000 for barium. Soln, of sodium carbonate 
precipitate the carbonates of the alkaline earths from soln. of their salts, much as 
ia done by ammonium carbonate. According to J. L, Lassaigne, sodium carbonate 
gives a slight cloud, appearing only in a few minutes with calcium nitrate diluted 
1 :25,000; a very slight turbidity appearing only after standing some time when 
the dilution is 1:60,000 ; with 1 :100,000 there was a scarcely perceptible turbidity 
after standing** long time; and with 1 :200,000, no effect could be detected. 
Neutral or alkaline soln. of tho salts of the alkaline earths give a precipitate of the 
oxalate when treated with ammonium oxalate. The crystalline precipitate formed 
in cold soln, is difficult to filter, but that formed in hot soln. consists of large crystals 
more readily filtered. The precipitated calcium oxalate is very sparingly soluble 
in acetic acid, the strontium salt is rather more soluble, and the barium salt readily 
dissolves in the hot acid. The solubility of the oxalates increases with increasing 
mol, wte, so that while the calcium salt ia virtually insoluble in water, the barium 
vol. m. 2 T 
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salt is more soluble, 100 parts of water dissolve 0 0386 part of barium oxalate. 
The oxalates of the alkaline earths arc soluble in the mineral acids, and the addition 
of aq. ammonia reprecipitates the oxalates; boiling the oxalates with a soln. 
of sodium carbonate changes them into carbonates. According to J. L. Laasaigne, 
one part of strontia in 10,000 parts of water gives a scarcely appreciable turbidity, 
and with more water, no turbidity is visible; with calcium a precipitate is obtained 
with 1 :25,000; a very slight precipitate is obtained vyth 1:50,000; and with 
1:100,000 an opalescence appears in five minutes; and with 1:200,000,1:400,000, 
and 1 : 800,000 a slight opalescence appears in five, eight, or fifteen minutes respec¬ 
tively. P. Karting obtained a turbidity with a aoln. of calcium chloride at a dilution 
of 1:400,000. According to F. Jackson, the reaction with ammonium oxalate 
is sensitive to 1: G4,OQO with calcium, 1:32,000 with strontium, and 1:2000 with 
barium. 

Cone, soln. of a calcium salt give a precipitate with sulphuric add; but dil. 
sob, give no precipitate since calcium sulphate is sparingly soluble in water. Calcium 
sulphate is far less soluble if alcohol be added to the soln. Strontium sulphate is 
less soluble than calcium sulphate, and more soluble than barium sulphate. The 
latter is very sparingly soluble in water. Hot cone, sulphuric acid dissolves 
the precipitate because a soluble hydrosulphate is formed— e.g , with barium, 
BaS0 < +H 2 S0 4 =Ba(HS0 4 ) J! —this is decomposed into sparingly soluble barium 
sulphate when the soln. is diluted with water. Hot dil. hydrochloric acid dissolves 
calcium and strontium sulphate, and barium sulphate is but sparingly soluble in the 
hot acid. Calcium sulphate is soluble in a soln, of ammonium sulphate owing to the 
formation of a soluble double salt: CaSO^NHi^SO* This soln. is decomposed 
by water and the calcium sulphate is reprecipitated. Barium sulphate is slightly 
soluble in a aoln. of sodium thiosulphate. A sain, of calcium sulphate gives no 
precipitate with a aoln. of a calcium salt; but in a neutral or feebly acid soln. of 
a strontium salt, a precipitate of strontium sulphate is formed when the soln. hoe 
stood for some time, but with a soln. of a barium salt, precipitation of barium 
sulphate occurs at once. According to J> L. Lossaigne, a soln. of barium nitrate 
containing one part of baryta in 25,000 parte of water gives a very distinct clouds 
ness with sulphuric acid or sodium sulphate ; with I : 50,000 or 1 :100,000, a slight 
turbidity appears; with 1:200,000 to 1: 400,000, a turbidity appears in some 
minutes ; and with 1:800,000 there is no reaction. According to P. Karting a 
soln. of barium chloride with one of bartya in 71,000 parts of water becomes turbid 
with sodium sulphate in half an hour, and the limits of the reaction is 1 : 79,300. 
J. L. Lossaigne found a soln. of strontium nitrate with one of strontia in 2000 parts 
of water gives a precipitate with sulphuric acid or sodium sulphate; with 1:6000, 
a slight cloudiness; with 1:10,000, a very slight turbidity; and with 1:20,000, 
a very slight turbidity in a few minutes; with 1:40,000 there was a scarcely appreci¬ 
able turbidity in a few minutes. F. Jackson gives the limits 1:256,000 with barium; 
and with strontium the limits are 1:8000, and with calcium 1 :2000. R. Erewnius 
gives 1:23,100, or 1:25,200 for the limits with strontium. The limits of the reaction 
with calcium sulphate as precipitant are, according to F. Jackson, 1: 64,000 with 
barium, and I: ]QUO with strontium. 

When a neutral soln. of a calcium, strontium, or barium salt is treated with a 
soln. of sodium phosphate, a white flooenlenfc precipitate is produced; Na^HPOi 
4 -CaCl 2 = 2 NaCl-fCaHP 04 ; and if aq. ammonia be added to the mixture, normal 
calcium phosphate, Ca^PO*)^ is formed. Both the calcium phosphates are soluble 
in mineral or acetic acid. According to J. L. Lassaigne, a precipitate is obtained 
with sodium phosphate in soln. of calcium nitrate diluted 1:25,000; & slight 
precipitate with a dilution of 1: 50,000; and with 1:100,000 there was an opales¬ 
cence in a few minutes, but no effect with a dilution 1:200,000. The limits of 
the reaction are given by F. Jackson as 1:16,000 with calcium, 1:8000 with 
strontium, 1; 4000 with barium. No precipitation occurs when a soln. of a calcium 
salt is treated with potassium Chromate, nor does precipitation occur with a dil. 
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win* of a strontium salt; but a cone* soln. of a strontium salt does give a precipitate 
of strontium chromate* A neutral dil. or cono* solo- of a barium salt gives a yellow 
precipitate of barium chromate which is very sparingly soluble in water and acetic 
acid, but it is readily soluble in mineral acids* Consequently, potassium dichromatc 
is not so good a precipitant since an acid is then formed : SBaCla-j-K^Cr^O-^-fHaO 
^2BaCr0 4 +2HCL-h2KCl. The presence of sodium acetate diminishes the solvent 
action of tho mineral acjds and the reaction is then quantitative* The limits of 
the reaction, according to F* Jackson, are 1 : 256,000 with barium, and 1: 200 with 
strontium. Barium salt soln. give a white crystalline precipitate of barium fluo- 
silicate, BaSiF 0 , when treated with hydlofluosiMc add, H 2 SiF fl * The precipitation 
takes some time. The precipitated fluosilicatc is sparingly soluble in water and 
dil. acids, and virtually insoluble in alcohol. According to P, Harting, one part 
of barium chlpride in 3900 parts of water gives a precipitate with this acid, 
F* Jackson gives 1 ; 2000. Neither calcium nor strontium salts give a precipitate 
with this reagent even in fairly cone, soln., and this even if the calcium soln, is 
mixed with half its vol, of alcohol. C, F* Rammelsbcrg found that sodium 
iodate precipitates baryta quantitatively as iodafce, and the precipitate dissolves 
in hydrochloric acid, consequently G. Denigfes recommended a 10 per cent* soln. 
of iodic acid as a reagent for the microdetection of calcium, strontium, or barium 
salts all of which give finely crystalline iodates. 

The separation of barium, strontium, and calcium. 8 -- Suits of the alkaline 
earths can be separated from the alkalies by precipitation as oxalates* Calcium 
can be separated from the other two elements (1) by treating the nitrates with a 
mixture of alcohol and ether in which the calcium salt readily dissolves, while the 
other two salts are very sparingly soluble (F, Strgmeycr, H. Rose, K. Fresenius) ; 
(2) by extracting the calcium nitrate with amyl alcohol (P. E* Browning); (3) by 
treating the nitrates with nitric acid of ap. gr. 142-146, in which the calcium 
salt is readily soluble, and the other two salts are very sparingly soluble (S, (h Raw- 
son) ; (4) by boiling the three sulphates with a soln* of an alkali or ammonium 
carbonate, which converts calcium and strontium sulphates into carbonates, leaving 
the barium sulphate virtually unchanged* The carbonates arc then removed with 
dil* acid (H. Rose, J. L. R. Morgan, F* W* Kuster); (fi) by treating the sulphates 
with an alkali tartrate, when calcium sulphate is alone converted into tartrate 
which is soluble in hydrochloric acid (M* Dupasquier); (6) by precipitating the 
barium as chromate, tho strontium as sulphate, and tho ralcium as oxalate 
(H. Robin); and (7) by the indirect method in which the mixture is converted 
into mixtures of different weigliable salts (0. Knoblauch), 

The separation of valnum and strontium.- (1) Jiy treatment of tho mtiates with the 
alcohol-ether mixture or umyl alcohol in which the calcium alone dissolves (vide supra); 
(2) by treatment of the soln. with a mixture of ammonium sulphate and oxalate, wliereby 
tho strontium is converted into sulphate, the calcium into oxalate (1), Sidensky ); (3) by 
treatment of the chromates with alcohol in which the calcium alone rii&tolves (W. Eroscniiis 
and F. ftuppcit). 

The separation of ca& tum and haritttit, —(1) By precipitation of tho barium as chromate 
or as fhiosilicato (R. Fresenius) j (2) by treatment of tho nitrates with alcohol-ether or 
amyl alcohol which extracts the calcium salt alone (vide supra); (3) by extracting tho 
chlorides with an ethereal soln. of hydrogen chloride which extracts the calcium salt alone 
{F* W* Mar ); (4) by treating a dil. aoln. with sulphuric add, which precipitates tho liarium 
aa sulphate ; (6) by digestion with a mixture of potassium sulphate and carbonate, which 
converts the barium into sulphate, and the oalcium into carbonate—the latter is removed 
by treatment with dil. hydrochloric acid (E* Fleischer) ; (6) by digestion with a mixture of 
ammonium sulphate and oxalate which converts the barium into sulphate and the calcium 
into oxalate—tho latter is alone soluble in dd. add i and (7) by digesting the sulphates 
with a soln. of sodium thiosulphate in which the calcium salt alone dissolves (W. Diehl), 

The separation of strontium and twriuw*—(1) The barium con be precipitated as chromate, 
tho strontium salt remains in soln. [R* Fresenius) j (2) the barium can be precipitated as 
sUiootinoridc (R. Freeoniua) * (3) barium chloride is alone insoluble in absolute alcohol 
(P. E. Browning); (4) by boiling the alkali carbonate which converts strontium sulphate 
into the carbonate and leaves the barium salt almost unattached. The carbonates ore 
removed with dd aoid (H, Bow). 
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The accuracy of analytical processes is generally affected by the assumption 
that precipitates are insoluble when they are hut sparingly soluble; by the precipi¬ 
tation of one substance in the presence of another whereby a substance assumed 
to be wholly in soln. is partly carried down with a precipitate; and by the assump¬ 
tion that one component of a mixed precipitate is insoluble in or inert towards a 
given menstruum, when in reality it ia slightly soluble, or not quite inert Many 
of these proposed methods are faulty when closely examined. The methods which 
have proved most satisfactory are (i) treatment of the mixed nitrates with ethereal 
alcohol to remove calcium nitrate, and the subsequent separation of barium and 
strontium by the chromate process; (ii) treatment of the soln- in acetic acid with 
an alkali chromate ; barium chromate is precipitated, redissolved, and again 
precipitated; the salts in the filtrate are precipitated as csjbonates; converted 
into nitrates; and the calcium nitrate removed from strontium nitrate by the 
ether alcohol mixture. The separated products are converted into sulphates and 
weighed. 

The uses of alkaline earths *—Calcium is a powerful reducing agent, and it has 
been used to a very limited extent as a deoxidizer and for removing nitrogen from 
alloys- It has been used as an absorbent for gases—hydrogen and nitrogen—in 
gas-analysis. The fine-grained metal is a faster absorbent than the coarsely 
crystalline metal obtained by slow cooling. The use of metallic calcium is thus 
summarized by H. P. Brace s : 

Calcium ja used at* a reducing agent m tho preparatiun of metals and alloys from their 
oxygen and halogen compounds; &a a reagent in Lho purification of the inert gone*; as 
a scavenger for non-fen-mi!) nutalu and alloys; an a scavenger, duoarburizer* and 
demilphurizftr for ferrous alloys; oh a dehydrating agent in tho treatment of oils and 
alcohoU, etc. ; au a means of fixing atm. nitrogen ; ax a Bounce of pure calcium carbide by 
direct reaction with pure carbon ; as a stdlcning lilting for hollow metal structural 
members; as a constituent of a light aluminium alloy having useful properties; and 
au a hardening component in certain ieutldhuc antifriction alloys. 

Calcium alloys have been proposed for bearing metals. Lime or limestone 
is used in the preparation of mortars ; cements ; sand-lime bricks ; glass ; glazes; 
the purification of water; the manufacture of soda; bleaching powder; calcium 
carbide; calcium cyanamide; calcium nitrate; etc.; the purification of coal gas; 
the manufacture of inaectides and sprays; the manufacture of sugar; the 
distillation of wood; the manufacture of paper; paints; and in tanning. 
Strontium salts are used in the manufacture of fireworks, signal lights, and 
signal shells ; and to a limited extent in medicine. Strontia is used in the 
recovery of sugar from beet-sugar molasses. Barium carbonate is used in ^lasa 
making; in rendering soluble sulphates in clays inert; in making walL-pamts, 
etc. The chloride is used in the purification of salt; in certain medicinal and 
photographic preparations; for rendering soluble sulphates in clays more or less 
inert; as a chemical agent; the nitrate is used as a chemical agent, in certain 
medicinal preparations ; in pyrotechnics and in making green signal lights ; and for 
certain explosive mixtures. Barium peroxide is used as a bleaching agent. For 
the uses of the sulphates of the alkaline earths, 10 vide infra. 
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§ 6, Thfl Atomic Weights ol Caldiim, Strontium, and Barium 

in 1809, J. J. Berzelius 1 made a determination of the at. wt. of calcium by 
treating a known quantity oi calcium chloride with silver nitrate, and weighing 
tho precipitated chloride. This gave the ratio CaCl^ : SAgCl, from which it follows 
that the at. wt. of calcium is 40 40. J. J. Berzeliua first assumed the formula of the 
oxide is CaO^ but this was later altered to CaO, with a corresponding change in the 
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at. wt The last-named formula would make the at. wt, of calcium approximate 
to 40, the former to 20. The former value is in harmony with Dulong and Petit's 
sp. ht. rule; with Mitseherlich’s isomorphic law; with MendclSeifs periodic law \ 
and with J, H, van’t Hoff’s extension of Avogadro’s hypothesis to soln, J, J. Berze¬ 
lius’ value is rather too high. In 1841, S. Baup made some interesting analyses of 
some calcium salts of organic acids, and obtained the at. wt. 39 93 for calcium when 
that of oxygen is 16. This result, however, is usually regarded as being too much 
affected by errors to have much weight in comparison with more modern measure¬ 
ments. J. L. Gay Lusaac and L. J. Thfinard quote 40 3 for the at. wt. of calcium. 
T. Thomson discussed the at, wt. of strontium, barium, and calcium. A. SalvGtat 
made a statement without details, of some results he had obtained by measuring 
the amount of carbon dioxide obtained from a given amount of calcium carbonate. 
The other determinations of this constant include: 

1, Evaluation of ike ratio CaO : CaC0 s — In 1842, J. B. A. Dumas ignited Iceland 
spar, and determined the amount of C0 2 evolved and of the calcium oxide remaining, 
A correction was made for the impurities in the spar. As a result he obtained 
40171 for the at wt of calcium (0 ”16). The samo year 0, L, Erdmann and 
R. F. Marchand made similar determinations with native carbonate and with 
artificial carbonate. They obtained 40 005. J. J. Berzelius pointed out that 
the artificial carbonate retains moisture even at 200°, and some chloride from the 
mother liquid also adheres to the precipitate. These errors act in opposite directions 
and tend to balance one another. In 1844, the same investigators, working with 
Iceland spar, obtained 40 068 for the at. wt. of calcium ; and in 1850, they obtained 
39*996. They also olttcrvcd that carbon dioxide is liable to be retained by the lime 
after ignition. In 1897 and 1901, A. Hcrzfeld, with artificial calcium carbonate, 
obtained 39'996 ; and F. W. Hinrichsen, 1901-02, obtained 40T42 with Iceland 
spar and 40*137 with a sample from the Crimea. 

2, Emluaiion of the ratio CaCO s ,- CfoSO*.—In 1842, O. L. Erdmann and 
R, F. Marchand treated calcium carbonate with sulphuric acid, and weighed the 
resulting calcium sulphate. They obtained 40‘02 for the at. wt. of calcium. In 
1843, J. J. Berzelius by an analogous method obtained 40*22 ; and in 1913, W. 0. 
de Coninck 40T2. 

3, Evaluation of the ratio CaCl 2 :2 AgCi —J, J. Berzelius* determination of this 
ratio in 1809, vide mprt i, furnished 40'4G ; in 1843, J. C. G. de Marignac obtained 
40 21; J. B. A. Dumas in 1859, 40T03 ; and T. W. Richards in 1902, obtained 40126, 
The general mean of all the determinations is 40T3; and the International Atomic 
Weight Commission recommend 40T or 40 l 07 as the best representative value. 

The at. wt. determinations for strontium resemble in general procedure those 
employed for calcium and barium, but they are fewer in number. F, Stromeyer * 
in 1817, and A. Salvetat in 1843, measured the volume of carbon dioxide evolved 
from a given amount of strontium carbonate. From the ratio 8rCQ a : CO a fcho 
former obtained 87'3, and the latter 88 0 for the at. wt. of strontium. With the 
exception of these results, and J. G. G. do Marignac’s determination of the ratio 
SrCl£.6H 2 0 : H a 0, and of SrOl^ : SrS0 4 , where the former gave 87 41, and the latter 
87'1 for the at, wt, of this element, and T, E. Thorpe and A. G, Francis’ 87 677 
from the ratio SrBr 2 : SrSO*, and 87 668 from the ratio SrBr a : SrS0 4s investigations 
have centred about the ratio SrX 2 : 2AgXj or SrX 2 : 2Ag, where X represents an 
atom of chlorine or bromine. In 1816, H, Rose evaluated the ratio SrClg: 2AgCl 
and found 87'31 for the at. wt. of strontium ; T, J. Pelouae (1845), 8770; J* 0. G. 
de Marignac (1858), 87*49; J. B. A. Dumas (1859), 87 53; T. W, Richards 
(1894), 87 617 ; T. W. Richards (1905), 87*616; and T. E, Thorpe and A. G. Francis 
(1910), 87 632. The general mean of the best determinations is 87 6; the Interna¬ 
tional Atomic Weight Commission recommends 87'63 as the best representative 
value. 

During the earlier part of the nineteenth century a number of determinations 
of the at. wt. of barium were mode with widely varying results, namely, 134 to 143. 
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The at. wfc, has been computed from the results obtained by the analysis of barium 
carbonate ; by converting the barium chloride or nitrate into the sulphate; and 
by converting barium halide into the corresponding amount of silver halide, or 
silver. A. Levol 3 reduced aurie chloride 'with sulphur dioxide, and determined 
the resulting sulphuric acid with barium chloride, and thus obtained the ratio 
An; BaS0 4 ; from his data, the at. wt. of barium would now be represented by 1S9'3 T 
J, 0. (r. dc Marignac obtained some ratios including water,of crystallization, but the 
results were poor, for they varied from 130'7 to 138 5. P. A. Guye and D. E. Tsaka- 
lotos critically examined this method and concluded the process is not suited for 
the determination in question. T. Andrews also gave 137'fi for the at. wt, of barium 
without indicating how that result was obtained. In 1883, F. W. Clarke selected 
137 0 from all the available data; in the same year, L t Moyer and K. Seubert 
selected 137 2 ; in 1885, W, Ostwald, 137'04 ; in 1886, X D, van der Plaats, 1371 ; 
B, Brauner in 1905,137‘43; andF. W. Clarke in 1910, 137‘363, The International 
Atomic Weight Commission recommends 137 37 as the best representative value, 

K The analysis of barium carbonate. —In 1811, J. X Berzelius analyzed barium 
carbonate, and obtained numbers ranging between 134 3 and 143 3 (oxygen 16}. 
W. H. Wollaston, in 1814, obtained 139 2 ; and A, Salv£fcat converted the carbonate 
into sulphate, and obtained 136 for the at, wt, of barium. These results are only 
of historical interest. 

2. Evaluation of the ratio BaC% ■ BaW A , or Ba{N0 2 ) z '■ In 1818, 
X J, Berzelius found that 100 00 parts of barium chloride yielded 112175 parts 
of barium sulphate, which gives 135 6 for the at, wt. of barium, E, Turner, in 
1829, obtained 135 4; T. Thomson, in 1831, obtained 136; H. Struve, in 1851, 
obtained 137'0; J, C. G, do Marignac, 138'5 ; and T. W, Richards, in 1893, obtained 
137 43 ±0 2. E. Turner, in 1833, obtained 137'0 from the ratio BatNOjJa :BaS0 4 . 

X Evaluation of the ratio BaCl 2 : 2Af}Cl, or BfiBr% : 2AgBr .—In 1818, 
J. X Berzelius obtained 138 07 parts of silver chloride from 100 00 parts of barium 
chloride; this gives 136 8 for the at. wt. of barium. T. Thomsen, in 1831, obtained 
in the same manner 136; E. Turner, in 1829, obtained 137 4; X & G. de Marignac, 
in 1858, obtained 137T; T. E, Thorpe, in 1908, obtained 137 48; T* W. Richards, 
in 1893, obtained 137’44 from the ratio BaCI 2 : 2AgCI, and 137'43 from the ratio 
BaBr 2 ; 2AgBr. 

4. Evaluation of the ratio BaCh or BaBr z : 2 Ay,— In 1845, T. J. Fclouze 
measured the amount of barium chloride required for the precipitation of a soln, 
of a known weight of silver in nitric acid, and obtained for the at. wt. of barium 
137 28; X C, G. de Marignac obtained 13711 in 1848, and 13715 in 1858; 
J. B, A. Dumas, in 1859, obtained 137'00; and T. W. Richards, in 1893, obtained 
137 44 for the same ratio, and for the ratio BaBr^ : 2Ag, he obtained 137'43. 

A. Sakosehansky 4 discussed the relationship between the at. wt of strontium 
and calcium. Cr. P. Thomson, and A. J. Dempster found that the at. wt. of calcium 
and strontium are simple in that they are not comjHnmded of sets of isotopic 
elements. There are no iiotopea. 

F. W. and A. l)upr£ * reported the presence of a fourth member of the alkaline earth 
family which gave a faint blue spectral line " between the Bre and about twice as far 
from the former os from the latter, in brightness and sharpness of definition quite equal 
to the line Bra" W. Crookes showed that the blue line is not duo to the now element but 
is a characteristic line belonging to calcium. 
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$ 6. The Hydrides of the Alkaline Earths 

Acetylene prepared from some specimens of calcium carbide, even after being 
filtered through cotton ivool, atid r passed through water, gave a deposit of caleimn 
oxide in the conducting pipes, a fact which led 0. Hoftmoiflter 1 to a&sumo that 
a volatile calcium hydride must be present. The fumes of sulphur trioxide, however, 
will pass through a long train of waeh-bottlcs, without being wholly absorbed ; 
this favours the assumption that fine particles of a solid calcium compound can be 
carried along with the stream of gas. 0- HofEmeister attempted to isolate the gas 
by i^Aseing a large vul, of acetylene through a number of wash-bottles containing 
acetone, and then through an ammoniacal copper soln. to remove the acetylene- 
The colour less gaseous residue burned in air, forming calcium oxide and water, 
and formed an exceedingly explosive mixture with oxygen. The residual gas was 
never obtained free from air, and its composition was not determined, C. Winkler 
ascertained that when the oxides of the alkaline earths are reduced with magnesium, 
in an atm. of hydrogen, a compound ia formed which he regarded as a hydride of 
the alkaline earth, and symbolized CaH, SrH, or BaH; and he noted that these 
Eiydrides are decomposed by contact with water, forming hydrogen gas. Neither 
G. HoffmcisWs gaseous hydride, nor C, Winklers hydrides of the type MH, have 
been substantiated. 0, Winkler, however, probably prepared a mixture of the 
alkaline eartle metal M and a hydride of the type MHjj, because the latter have 
since been made. C* It. Hansen claimed to have obtained evidence of the formation 
of a calcium hydride, C&H, from his observations on the vap. press, of the normal 
hydride, Ca^. The composition of normal calcium hydride can he represented 
by the formula CaH a , and this is evidenced by the amount of hydride formed from 
a given weight of calcium, and from the amount of hydrogen evolved when the 
compound is treated with water. Similarly, the composition of fftzontiiini hydride 
agrees with SrII a , and of barium hydride with BaH a , B. von Lengyel found that 
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metallic calcium slowly absorbs hydrogen at ordinary temp,, and rapidly at a dull 
red heat, forming a white pulverulent hydride. 

H* Moisson prepared calcium hydride by heating crystallized calcium, contained 
in a nickel boat, to dull redness in an atm, of dry hydrogen* G, F, Jaubert, and 
the Elcktroehe mische Werke, Bittcrfeld, patented the preparation of calcium 
hydride by passing hydrogen through molten calcium contained in an iron vessel 
for a few minutes, H. Gautier heated a cadmium-calcium alloy to dull redness 
in hydrogen, and volatilized the cadmium under reduced press, in hydrogen: a 
similar process was employed for the corresponding hydrides of strontium and 
barium, A.GimtzandG.RoderermadesfcrontiuinhydridebybeatinganBpercent. 
strontium amalgam In a stream of hydrogen ; amalgams with a higher content of 
strontium are not so suitable for the purpose, since they oxidize so readily. The 
mercury is distilled by heating in hydrogen to 1000 y , A, Guntz prepared barium 
amalgam in a similar manner.. K, Kaiser prepared calcium hydride by passing 
hydrogen over calcium chloride at 7<X> D until no further evolution of hydrogen 
chloride occurs ; and A. Kiesewalter made it by heating calcium oxide by the arc 
* flame in a stream of hydrogen; if too little hydrogen is used some metallic calcium 
is formed along with the calcium hydride* 

According to F, Ephraim and E, Michel, while the hydrides of the alkali metals 
are formed slowly, those of the alkaline earth metals are formed rapidly and with 
incandescence* This is attributed to the greater solubility of the hydride in the 
metal. The liquid nature of the alkali hydrides at their temp, of formation also 
contributes to the slowness of the reaction, since the eutectic which is formed 
protects the metal from the hydrogen. The hydride is a white pulverulent or 
fused cake with a crystalline fracture. The commercial product is grey, and it was 
found by G, F* Jaubert to contain 9fl pr cent, of calcium hydride, and 10 pr cent, 
of oxide and nitride. According to H. Moiasan, the specific gravity of calcium 
hydride is ]■? ; A, Guntz gives for barium hydride 4 21, According to H, Moiasan, 
calcium hydride does not dissociate when heated in vacuo at 600°, but, according 
to H* Gautier, dissociation is perceptible at 675°. C* R, Hansen found the vap. 
press, of calcium hydride to be: 

m& b 075 s nr :gq° rso* m* 

Press, (mill , . l m \\ 1432ti97 4100 053'6 £54-0 

The dissociation press, of strontium hydride was found by II. Gautier to be 100 mm, 
at 1000°, 300 mm. at 1100°, It is easily decomposed in vacuo at 900°, H, Gautier 
says barium hydride begins to dissociate at ; and A, Guntz found an uppreci- . 
able volatilization occurs at 1200°, and the vapour is green when viewed through 
cobalt-blue glass; he also gives 1200° for the melting point of barium hydride. 
According to A. Guntz and H, Basset, the heat ol formation of calcium, hydride 
is : Ga-J-H^—CaH^-f-46'30 Cals, ; of strontium hydride, 34 7 Cals.; and of barium 
hydride, according to A. Guntz, ;> r r0 Cals, H, Moissan found that a f> cm, homo¬ 
geneous compact layer is a non-conductor of electricity, 

H. Moissan found that calcium hydride could be heated to the softening point 
of Bohemian glass in an atm. of hydrog&H without gain or loss in weight. According 
to H, Moissan, and B. von Lcngyel, calcium hydride can be heated in air on a 
platinum foil without alteration, but when heated to redness in air or oxygen, it 
burns brilliantly* and sufficient beat is developed to fuse the calcium oxide pro- 
duced. H* Gautier also found that strontium, hydride bums slowly'in air at a rod 
heat, forming a skin of strontium oxide which protects to some extent the hydride 
underneath. A. Guntz made similar observations with respect to barium hydride. 
With oxygen, the reaction is vigorous. According to H, Moissan, calcium hydride 
J is readily decomposed by water and dil. acids: GaH 2 +2H a 0=Ca(OH) a +2H a , as 
indicated in connection with hydrogen, G, F, J&ubert emphasized the use of 
calcium hydride in the preparation of hydrogen for aeronautical purposes* A kgrm* 
of the commercial hydride gives a cubic metre of hydrogen* With a little water, 
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B. von Lengyel found that so much heat k produced that the hydrogen inflames 
spontaneously. H. Gautier found strontium hydride behaves similarly. Accord¬ 
ing to A. Guntz, the heat of the reaction with water is BaHj^iu+nHaOuquii] 
=rBa(OH) 2fl0 i Tl .-l-2H acM -f37’5 Cals. No solvent for the hydrides of the alkaline 
earths is known. 

The hydrides of the alkaline earths are powerful reducing agents. H. Moissan, 
and B. von Lengyel noted that calcium hydride is decomposed with incandescence 
when heated to dull redness with the halogens. In the cold, chlorine does not act 
on the hydride, but, when warmed, calcium and hydrogen chlorides are formed ; 
bromine and iodine behave similarly. H. Gautier found strontium hydride behaved 
similarly, boiling bromine lias no action, while the reaction is vigorous at a red 
heat. H, Moissan found that hydride is decomposed by hydrogen chloride, forming 
water and barium chloride. (Ann, hydrochloric acid has hut little action in the 
cold, hut if heated a reaction ensues ; and a vigorous action occurs with the dil. 
acid. According to H. Moissan, when a mixture of calcium hydride with sodium 
fluoride or potassium fluoride is heated to WK) 0 , hydrogen and the vapour of the 
alkali metal a™ formed; silver fluoride reacts when triturated with calcium hydride * 
in the cold, producing silver and ralcium fluoride; mercuric fluoride and lead fluoride 
are reduced at 400° ; sodium chloride at a red heat is reduced to sodium ; molten 
potassium iodide does not react with calcium hydride ; but silver iodide reacts 
vigorously. Molten potassium chlorate is reduced with violence ; and, generally, 
chlorates, bromates, or iod&tes furnish explosive mixtures; a violent explosion 
occurs when calcium hydride is rubbed up in a mortar with potassium perctuorata. 
If. Gautier found a vigorous reaction under similar conditions between strontium 
hydride and chlorates, perchlorates, and bromates; but with iudates the reaction 
is less vigorous. 

E, von Lengyel found that when heated in sulphur vapour, calcium hydride is 
decomposed, forming a dark grey mass; some calcium sulphide is formed; 
H, Gautier also found strontium hydride forms strontium sulphide under similar 
conditions. H. Moissan also found that calcium hydride is decomposed when 
heated with sulphur vapour, hut no action was observed with selenium vaj>our at 
the m,p t of glass. F. M. Perkin and L. Pratt obtained calcium selenlde from a 
mixture of selenium and calcium hydride ; they also found lead sulphide and 
antimony sulphide react with calcium hydride, producing but little metal, hut 
possibly forming a calcium antimony (or lead) sulphide. IL Gautier also found 
die bromates and lead or copper oxide are vigorously reduced by strontium hydride. 

* He found hydrogen sulphide is deconi]>o*ed by calcium hydride at a red heat, 
forming calcium sulphide and hydrogen ; and sulphur dioxide k reduced to a 
hydrosulphite by calcium or strontium hydride. Cone, sulphuric acid has but 
little action in the cold, but when heated a reaction ensues; dil. sulphuric acid has 
a vigorous action. 

Calcium hydride was found by H. Moissan not to be affected when heated 
with nitrogen at the m.p. of glass. H. Erdmann and H t van der Smissen observed 
no evidence of the formation of ammonia when calcium hydride is heated with 
nitrogen between 500 s and 800°, S. Reich and II. O, Serpek said that some ammonia 
is produced at 500°, but the main reaction results in the formation of calcium 
nitride. H, Gautier found strontium hydride ie partially decomposed by nitrogen 
at 600°; and A, Guntz found that, at a temp, below redness, barium hydride 
forms the nitride : 3BaH 2 +N a =Ba 3 N a +3H 2 ; and H. Moissan obtained barium 
amide, Ba(NHj) 3 , by heating the hydride with ammonia. The nitrogen oxides 
are reduced to ammonia when heated to dull redness with calcium hydride, 
B. von Lengyet and H. Moissan reported that nitric add behaves like sulphuric 
acid. Calcium hydride is decomposed when heated with phosphorus vapour, 
F, M. Perkin and L. Pratt said that a mixture of calcium hydride and red phos¬ 
phorus cannot be ignited by a fuse, but if some calcium be also present, the reaction 
furnishes red calcium phosphide, H. Moissan observed no change occurred when 
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calcium hydride is heated to the m.p. of glass with fcOTOD or witli SiMcffll ,* tut with 
silicon 0, R, H&mm obtained a silicide; e&lcium hydride also reacted with porcelain 
And glass* ft JH Perkin and L, Pratt found that calcium hydride rod boron 
trioxide and also silica, When heated to 700 c -800 5 with finely divided carbon, 
H. Moiewan obtained Home calcium carbide, and M. Mayer and V, Altmayer observed 
tho formation of methane and other products M. Mayer and Y. Altmayer found that 
carbon monoxide does not Teact with calcium hydride between 300° and 400°, hut 
at a higher temp, some methane is formed: 3CaH 2 +3CO~ CH 4 d-2C'fH H H-3C!aO; 
there is also a secondary reaction : CaH a -h2C—GaC^H^. According to S. Reich 
and H. 0, Serpek, some formaldehyde is also produced. H, Moissan found that 
when heated to dull redness, carbon dioxide is reduced by calcium hydride, forming 
carbon, and calcium formate and carbide; and M, Mayer and V. Altmayer 
obtained some methane: 2CO £ -f-4CaH a —Ci^riACaO+O-bSHs* as well as calcium 
formate and oxalate. H. Moissan noted that calcium hydride is not dissolved by, 
nor does it react with, thoroughly dried carbon disulphide, carbon tetrachbride, 
benzene, turpentine, alkyl iodides, alkyl chlorides, or ethers ; but it slowly attacks 
ethyl alcohol. B. von Lengyel said the Last reaction is lebhaft. 0. Reich and 
H. 0. Serpek found mesityl oxide and a cyclic substance, b.p. 22b°-23f> a , is produced 
in the energetic reaction between calcium hydride and acetone* The vapour of 
carbon tetrachloride is decomposed at 400°, forming carbon, hydrogen, and 
hydrogen chloride ; pyridine hah no action at the m.p. of glsas. Calcium hydride 
acts aa a reducing agent only at high temp,, and its use in the hydrogenation of 
organic substances must be very limited, since when it does react condensation 
products are formed. F. M. Perkin and L, Pratt found that calcium hydride reduces 
cupric oxide, manganese dioxide, ferric oxide, stannic oxide, lead oxide, and 
tungstic oxide ; but not xinc oxide. According to S + Reich and H, 0. Serpek, 
formic acid Is produced when a mixture of calcium hydride and sodium carbonate 
(XT hydrocarbonate is gently heated. The reactions are not usually so violent as 
when calcium is employed aa reducing agent. 0. R, Hansen found that calcium 
hydride is decomposed by mercury above 200 c , E. Ebler and K. Hmdegen found 
that calcium hydride reduces barium sulphate to a mixture of calcium and barium 
oxides and sulphides, and hydrogen gas is evolved. 
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§ 7. The Preparation of the Oxides of Calcium, Strontium* and Barium 

The alkaline earths form oxides of the type MO and MQ 2 . There are also the 
hydroxides, M(OH)j. Both the dioxides, MO a , and the hydroxides, M{QH) 2 , can 
be prepared with water of crystallisation; and the dioxides, also, with hydrogen 
peroxide of crystallisation, The so-called suboxidcs are not generally recognized 
as chemical individuals. The monoxides cf barium, strontium, and calcium are 
respectively called baryta, strontia, and lit ne. 
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A, Guntz and H. Basset 1 tried to make talc mm suboxide, Ca t O, by molting calcium 
with calcium oxide in an indifferent atm 4 , but without success. A. Guntz, howevor, 
claimed to have made barium nuboxide, BajO, by heating a mixture of eq, amounts of 
barium or magnesium with barium oxide in vacuo at 1100 s * The reaction is violent, and 
the magnesium should not be too finely powdered, nor the baryta too much poroxidized. 
The product is said to decompose water j to absorb nitrogen at a red heat, forming the 
nitride, and also to absorb hydrogen under similar conditions, forming the hydride. Barium 
suboxide dissociates at a high temp., forming barium oxide and barium. A, Cunts said 
the product is not a mixture of barium and magnesium oxide, because it does not give 
hydrogen in accord with 2Ba[+2MgQ]+4HjG —2Ba(OH)j[+SSMgO] + 2H a , but rather in 
accord with Ba,0| +MgO+Mg] +3H a O=2Ba[OH] a [+MgO +Mg]+11,. 

The three oxides, calcium monoxide, C&O; strontium monoxide, SrO ; 
barium monoxide, BaO, are also called lime, strontia, and baryta respectively. 
Lime is also called quieldime —the term “ quick " is applied in several European 
languages to represent the living active nature of lime, especially towards water. 
They are produced by the oxidation of the metal; traces of the dioxide 
may he simultaneously produced, and this the more with barium than with 
calcium. The oxides are produced by the calcination of the carbonates, for 
instance, with calcium carbonate: CaCOg—CaO+CO^; but the last traces of the 
carbon dioxide are expelled with difficulty. The calcium oxide obtained by 
calcining calcium carbonate baa been variously atylcd qttickbiw, burnt lime, caustic 
lime —from ttawmiuU, burnt— live lime t etc* This method of preparing calcium 
oxide is very old, for, under the name lime-burning, it was employed in making 
mortar, thousands of years ago. It is mentioned in the Pentateuch [DeuU 27, 2), 
Cato’s Be re ritMiea, Vitruvius' Dc architecture (2. 5), and Pliny’s Historic, mturdi 
(36, 55), described the process of manufacturing lime and mortar. 

The primitive lime-kilns were rudely construe; Led of atone blocks, and usually located 
in a cavity cut in the side of a hill, so that the top was convenient for charging tho kiln 
with limestone, Tn charging the kiln, large pieces of limestone were formed into a dome¬ 
like arch with large open joints ; and the kiln was filed with fragments of limestone-— 
tho larger pieces of limestone were placed above the arch, and the kiln was topped with 
fragments of smaller size. Kilns were alee charged 
with alternate layers of limestone and fuel. A wood 
or other fire was started under the arch, and a bright 
heat was maintained for three or four days. The 
kiln was thou cooled and tho quicklime removed 
These temporary intermittent kilns are still in use 
in districts whoro tho demand is small. In the mom 
permanent shaft-kilns, alternate layers of fuel and 
Limestone are feci in at the top of the kiln and burnt 
limestone in withdrawn at tho bottom, so tbAt tho 
process is continuous—Limestone is charged in at the 
top and removed at tho bottom. It will be observed 
that tho air required for the combustion of the fuel 
is pre-heatod by passing through the lime from tho 
burning zone, and at the same time the hot lime is 
cooled ; tho products of combustion also heat tho 
limestone on ita way to tho hot zone. Many kilns 
am provided with automatic feeding or discharging 
gear. The oarbon dioxide can also bo recovered, aw 
in the shaft-kiln illustrated m Fig. g. The temp, in 
the different zones ore indicated in tho diagram. In 
some of the morn recent shaft-kilns, producer gas is 
led into the shaft near tho base, and burnt in tho 
shaft, 1 Commercial limes differ much in composi¬ 
tion i they may contain anything from 0 to 10 per 
cent, of magnesium oxide, and more or less silica, 
alumina, ana iron oxide. The lime should contain 
no water and less than half per cent, of carbon 
dioxide. The composition of the lime will be the 
same ae that of the limestone from which it was 
prepared, less the carbon dioxide and plus impurities derived from tho lining of the kiln, 
fuel ash, etc. For commercial purposed, limes carrying less than 5 per cent, of magnesium 
oxide con be designated high-caidum limet ; and those with over 6 per cent, fnagftmon 
limee* The latter are less plastic or smooth to the trowel in working the mortar, and 
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they are disliked by the workmen, who call them Lt weak,” 11 lean," or " poor “ limes in 
oontrast with the high calcium limes which are called 1,1 strong/ 1 H ' fat," or JI rich H limes* 
The magnesian limea slake more slowly, and develop less neat than the high calcium 
limes. Lime with over five per cent, of impurities other than magnesium oxide will also 
be comparatively slow in slaking, and exhibit the lean or weak qualities. The following 
represent extremes of the different types : 
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In his paper embodying ExpenttifivUs and observations on terra ponderosa (i.e, 
barium carbonate), W. Withering stated : 


It is very remarkable that the terra f/onderosa upar in its native state will not burn to 
lime. When urged with a stronger lire it melts and unites to the crucible, but dees not 
become caustic. 


J. Priestley added his testimony to the fact that term porickrosa aerata gives no 
fixed air by mere heat; but when steam is passed over the mineral at a red heat 
in an earthen tube, " fixed air is produced with the greatest rapidity, and in the same 
quantity, as when it is dissolved in spirit of salt/’ Consequently, hypotheses 
respecting the relation of water to carbon dioxide were made by both W. Withering, 3 
and by j, Priestley ; but the hypotheses had to be discarded when T. C. Hope 
showed that the “ fixed air can be expelled from native aerated barytas by heat 
alone, if sufficiently intense ... by the assistance of the heat of a smith's forge, 
the barytic spar can be deprived of its acid, either entirely, or nearly uo. M H, Abich, 
and F. C, Schalfgotsch, showed that strontium carbonate docs decompose at a 
high temp. J, T. Conroy found that the decomposition is slow when strontium 
carbonate is heated by a Bunsen flame, but faster when heated in the bleat. Accord¬ 
ing to C. Stiepel and A. Hersfeld, strontium carbonate forma no oxide when heated 
an hour at 1100°; but at 1190 11 , 37 per cent, of oxide is formed; and at 1250°, 
decomposition is nearly complete, W. Dittmar found barium carbonate decom¬ 
poses completely when heated in a blast. According to P, Pott, there is a measurable 
dissociation of calcium carbonate at D3o ] , of strontium carbonate at 600°, and of 
barium carbonate at 1020° K. Friedrich found that there is an incipient dissocia¬ 
tion of calcspai; and aragonite at 895°, and the dissociation is complete at 91U U ; 
with strontianite and wither! te, incipient dissociation occurs respectively at 1130* 
and 1100°. According to J. L. Gay Lussac : 

If calcium carbonate bn heated to the temp, at which it hugttis to decompose, the atm, 
of carbon dioxide which is formed hmderw the gubeequent development of the goa, for if 

any more gas is developed it must overcome the 
press, of the atm, of that gas. Consequently, 
a higher temp, must be applied, or the atm. of 
carbon dioxide bo removed cither by exhaustion 
or atm. air. 

The first measurements of the dissocia¬ 
tion press, of calcium carbonate were made 
by H, Debray, who worked at the m.p* of 
cadmium and of zinc, and h* estimated tho 
dissociation temp,, at TfiO mm, press., to be 
100G*. H, le Chatelier showed that if cal¬ 
cium carbonate be heated in a closed vessel, 
at different temp., when the system is in 
equilibrium the state of the system will be 
represented by a point on the curve, Fip. 9, 
where the press, in the closed vessel a» plotted at different temp. H. le Gbateher’s 
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data are plotted in Fig. 9. J. Johnston's values are considered to be more exact; 
they are here interpolated by the formula: log »=—9340T~ 1 -bll log T 
-O-O013Td-8'S82: 


M0 n UQO* 700° 800° B50 a 000° 050’ 100Q ? 

CoCG t * . O il 235 25-3 168 373 773 1490 2710 mm. ' 

H. Ricsenfeld gave a more complicated expression in terms of W. Nernst’s heat 
theorem. According to J. Johnston, the dissociation temperature! at atm. press., 
is 898°; H, Rieeenfeld gave 908* ; D. Zavrieff, 920° ; and O, Brill, 825°. H. leChate- 
lieFs value 812° is now considered too low, and 890* is the best representative 
value of later work. P. Pott's values for strontium carbonate are : 

eee ? BOO* 950* 1050* ll&0 fl lBSfl* m3* 

SrCOj . . 0’3 18 fiO 99 3 75 320 744 78G mm. 

F. Isambert found the dissociation press, of barium carbonate, at 1083°, in a stream 
of an indifferent gas, is 22 mm. P. Pott further found : 

«P7“ 1017* 1057* 1007° 1137* 1157* H77' J U?7* 

UaOGj . 0 5 45 120 240 340 450 <>75 mm. 

A. Finkolatein also measured the dissociation press, of barium carbonate and 
represented his results by log (pi/pa)—14300(3^1 —T^jT^T^ P. Pott further found 
that the dissociation temp, of strontium carbonate at one atm. press, is 1250*; 
ami of barium carbonate, 1200“. The press, curve of strontium carbonate crosses 
that of barium carbonate at 1160°. 0. Brii 1 gi ves the d isaoeiution temp. of stro ntium 
carbonate 1155*; A. Herzfcld and €. Stiepcl found it to be approximately 1450°, 

O. Brill could not determine the temp, exactly because the platinum crucible was 
so violently attacked, J. A. Hedvall gave 913MJ28* for the dissociation temp, of 
calcium carbonate; 1141“ for strontium carbonate; and 1361° (the m.p.) for 
barium carbonate. The dissociation temp, of calcium carbonate was found to 
be independent of the size of grain ; and the dissociation of strontium carbonate 
becomes rapid only at about 1256°. K. Friedrich and L. G, Smith give 89S Q for 
the temp, at which aragonite or ealcite begins to decompose, and 910° for the temp, 
at which the maximum heat change occurs on the heating curve ; and for strontianite 
and witheritc, he ohtaimxi a temp, over 1130° when dissociation begins. 

There are three phases—Ga.0, CaCO^, and C0 a ; and two eompononte—CaO 
and CO.J. The system is therefore uni variant, meaning that the cone.—that is, , 
the press—of the gas for each temp, has one fixed definite value called the 
dissociation pressure. The dissociation press, of calcium carbonate is analogous, 
in many ways, with the vap. press, of a liquid in a closed space. Gaseous molecules 
of carbon dioxide are continually leaving the dissociating oarbonate, and carbon 
dioxide is continually recombining with calcium oxide. When the speeds of the 
two reactions are the same, the system is in equilibrium. The carbonate can only 
dissociate completely into calcium oxide and carbon dioxide if the latter be con¬ 
tinuously removed from the reacting system. If the press, at any temp, exceeds 
the limit indicated by the curve, calcium carbonate will be formed until the press, 
of the gas attains the fixed value, constant for the given temp,; and, conversely, 
if the press, be less than that described by the curve, calcium carbonate will dissociate 
until the required press, is attained. P. Jolibois and P. Bouvier found that the 
reversal of th* dissociation on cooling with moat forms of calcium carbonate is never 
complete except when precipitated calcium carbonate is dissociated by heat in 
the presence or an excess of calcium oxide. The disturbance is due to secondary 
changes. 

These facts are of interest in that they explain how marble or calcium carbonate 
can be associated with igneous rooks whose temp., at certain geological epochs, 
must have exceeded that of the lime-kiln, J. Hutton pointed out in 1798 that the 
calcium oarbdtaate in the lime-kiln hears only the press, of the atm,, which is not 
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sufficient to delay for long the separation of the carhon dioxide from the limestone, 
whereas m plutonie regions, the enormous press, which existed must have hindered 
the decomposition, and allowed the calcium carbonate to melt and fuse* J. Hall 
verified this conclusion by making over 400 ejyeriments on the influence of press- 
on tho melting of calcium carbonate. C, F, Buchhob;, A. Petaholdt, L. Pilla, G. Rode, 
J. Lemberg, A- Becker, A. Wichmann, H. le Chatelier, A. Joannis, H. E. Boeke, 
F. Rinne, and H* Leitmeier have also experimented on this subject, and shown that 
if the press, of the gas be great enough, the calcium carbonate may be fused with 
no appreciable dissociation. On solidification, the mass has a crystalline structure 
like marble. The melting of barium carbonate under press, has also been investi¬ 
gated by H. le Chatelier, 0, Brill, A. Herafeld and (X Stiepcl, A, Finkelstein, 
H E, Bocke, and 0 + Miigge. 

It can be aesumod that all Holida, calcium carbonate and calcium oxide, exert a small 
vap. press, which is generally too email to como within tho range of tho instruments at 
present available for such measurements This vap. press, is further ossinned to be 
constant at any given temp,, hku thu yap* press, of substances which are accessible to 
measurement, and is also unaffected by the quantity of solid present. 

According to the ao-called mass law, the velocity of the dissociation of calcium 
carbonate will be proportional to the cone, of the carbonate, and equal to the 
product of the cone. V of the carbonate and the affinity constant k ; the velocity 
of formation of the calcium carbonate will similarly be equal to the product of the 
cone, of the calcium oxide, C lr and of the carbon dioxide, (7 2 , with the affinity con¬ 
stant k f of that reaction. Consequently, if these two velocities are the same, the 
system will be in equilibrium, and Jfcf7=&'Ci(7 2 . The cone,, that is, the number of 
molecules of carbon dioxide per litre, is proportional to the partial press, p of that 
gas. The cone. C and C 1 are constant, and consequently, at any given temp., 
the press, p is constant* This means that the dissociation press, of the carbon 
dioxide is independent of the extent to which the calcium carbonate has dissociated, 
provided some of the carbonate remains. This samf conclusion was obtained in 
applying the phase rule, Tho velocity constant Jc for tho decomposition of the 
carbonates of the alkaline earths in the equation dCjdt^W, was measured by 
P. Pott, and he found : 

CaC0 s 8rCU a fisC0 3 

770* £40* 8'JU a 1O0O D 1200° 11 Ely* 1230* 

k , . OOUO 0037 0 0+2 O'Wft 0 03 000070 0 00070 

Hence, the velocity of the reaction with calcium carbonate is greatest and with 
harium carbonate least—that of strontium carbonate is approximately one- 
twentieth of that of calcium carbonate, and that of barium carbonate is about half 
that of strontium carbonate. The velocity constant of calcium carbonate under¬ 
goes a five-fold increase per 100* rise of temp* The physical character of the 
carbonate has some influence on the speed of dissociation, for A. Herzfcld found 
that limestone is completely decomposed after many hours 1 heating at while 
marble, under similar conditions, suffers very little change, although at 1030* it 
is completely decomposed* 

The burning of limestone at atm. press, should not be effected below 890°, 
since only at this temp, does the carbon dioxide attain atm, press* when the gas 
can escape at a sufficient speed* This high temp* is technically expensive, and 
proposals have been made to bum the lime at a lower temp, and to^ass a current 
of inert gas like air over the heated limestone. A. Herafeld, for instance, found 
that in the presence of steam at 700°, calcium carbonate forms calcium hydroxide, 
while with air alone, a beat of 1000° is required to decarbonate the limestone. 
H. Rose also found barium carbonate does not decompose at a red heat in dry air, 
but in moist air or in water vapour decomposition occurs. P. Duhem has showed 
that the important principle: When a body is decomposed by Aari, it is not the press . 
of any gas or vapour chosen at random t which cm stop its decomposition^ but rather 
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the gas which arises from the decomposition which alone can act, was first enunciated 
by G. Aime in an important thesis : De l’influence de la pressitm sur les mtvm 
chimiques (Paris, 1837). Consequently, in the present case, it is not the total press* 
but solely the partial press, of the carbon dioxide which must be taken into con¬ 
sideration. An inert gas acta as a vacuum because the press, of the carbon dioxide 
over the heated material will be the partial press, of the carbon dioxide in the whole 
gaseous atm. Thus, at J31G 0 , the partial press, will be 4fi mm. As the carbon 
dioxide corresponding to this press, is carried off, the equilibrium is disturbed, 
arid more calcium oxide is formed. This continues until the whole of the carbon 
dioxide is dissociated. 

As T, Bcrgmann 4 pointed out, workmen reject lime which is too much burned 
^-dead-burned lime —as being useless, because it docs not fall into powder when 
slaked. Lime which has been less burned falls into powder at the instant of slaking, 
and is then in a form suitable for making into mortar. Limestone containing clay 
in particularly liable to dead-burning, presumably because a more or loss inert 
calcium silicate or alum ino-silic ate is formed which is not free to take part in 
slaking— vide calcium hydroxide, A. Herzfeld found 8 per cent, of silica suffices 
for the dead-burning of lime at 1000°, alumina is less active than silica and required 
a higher temp, to produce dead-burning. A, F. tie him, and J. F. W. Nasse found 
that purified calcium carlxmate is not liable tu dead-burning. A. Herzfdd, and 
P. Lebeau observed that calcium oxide which has been fused can bo slaked by 
water, but the action is very slow. 0, F, Rnchholz, and L. J, Vicat found oyster- 
shells and chalk arc liable to be dead-burnt, H. Rose, and J, N, von Fuchs attri- 
buted the so-called dead-burning by the under calcination of limestone to the 
formation of a basic carbonate* but A, llerzfeld obtained no evidence of the existence 
of such a chemical individual. The subject lias been discussed by A. It* Schulhi- 
nohenko, F. M* Raoult, and A. Finkclstem. Neither 0. Brill nor A. Herzfnld 
could find any evidence of the formation of a basic calcium carbonate on the heating 
curves ; nor is there any satisfactory evidence of the formation of a basic strontium 
or barium carbonate. The calcium carbonate remaining in underburued lime acts 
as so much inert matter. 

J. P. J, d’Arcel made barium oxide by the action of an alkali lye on a xoln. ot 
a barium salt, and calcining the washed product. Strontium and barium oxides 
can be made by calcining the respective carbonates as indicated below; and 
also by calcining the nitrates (A. F. dc Fourcroy and L. N* YauquHin,* P, J, 
Robiquet, and A, ti, Jaquclain) ; or the hydroxides (D* Smith). L, N, Vauquciin, 
and L. J. Thcnard prepared baryta by heating barium nitrate until it is com¬ 
pletely decomposed ; a moderate heat is employed at first, and a very strong 
heat towards the end of the process. J. J. Berzelius recommended atldizig a 
few spoonsful of the nitrate to a crucible heated to bright redness, and heating 
the contents in the covered crucible until the mass had solidified. More nitrate 
was added, and the process continued until the crucible was half filled with 
baryta. If too much nitrate is added at once, the mass boils over. If a platinum 
crucible is employed, the baryta is difficult to detach from the metal; the platinum 
is oxidized and contaminates the baryta. If a fireclay crucible be employed, the 
baryta will be contaminated with silica, alumina, and iron and manganese oxides* 
As pointed out by G, Briigelmami, and C, F. Rammelsbcrg, if the calcination is 
conducted while the nitrate is exposed to air, oxygen and carbon dioxide may be 
absorbed, forming respectively peroxide and carbonate. F* Kuhlitiann found that 
if the nitrate be calcined in hydrogen gas, barium hydroxide is formed. F* Mohr 
recommended mixing the nitrate with twice its wt* of heavy spar in order to avoid 
the frothing and afterwards leached out the baryta with water. AY, Artua, and 
G. C, Wittstein similarly calcined the nitrate with one-half or two-thirds its weight 
of iron filings. 

The technical preparation of barium oxide by the calcination of witherite Li difficult, 
because the barium oxide fuses, and forme on imp&rviouH skin on witherite which 
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hinders its subsequent decomposition* A* Schcjirer-Kcstncr f jti/s&tf th& CRfboBM(\ 
with chroma iron ore m order to keep th& mass more or I&6» pOTOVS wh$6 decomposition 
was in progress ; he then extracted the barium oxide with water. H. Schulze fused the 
barium carbonate in an olectrio furnace arranged bo that the carbon dioxide eouid be 
readily recovered. J. 1'rieetJey, 14* Heinz, and 0. Lenoir heated tlio witherite in water 
vapour to facilitate it« decomposition. A. C. Joquelain heated a mixture of barium and 
calcium carbonates and carbon in a stream nf water vapour; and If. Leplay a mixture 
of barium and alkali carbonate in steam. A. Leroy and A. Segay heated the barium 
carbonate to 4fiG° in a stream of hydrogen sulphide, and recovered tho latter by passing 
steam over tho resulting barium sulphide* Here again the product is barium hydroxide. 

R Pelletier heated a mixture of witherite with one-tenth its weight ob powdered 
charcoal, in a luted crucible lined with carbon. The baryta so prepared is often mixed 
with some charcoal or undecomposed carbonate; and, if the charcoal be not free from 
nitrogen, some barium cyanide is formed. Modifications of this process have been used by 
Cl. Lunge, A, Rivifece, T. du Motny, and A. Scheurer^Keatnor* It is also claimed by 
R. Schneider that it is an advantage to mix tho withorito with some calcium or magnesium 
carbonate. Several modifications of these proceaaeg have been patented. W* Feld heated 
the witherite by the waste gases from the combustion chamber of a kiln. H, Leplay, and 
H. Kadot heated the witherite with coal gas. 

Several processes have been suggested * for converting heavy spar, RaSO^ into barium 
sulphide as a preliminary to its Bubaemient conversion into oxide, carbonate, or chloride. 
Many of these processes are also available for the treatment of strontium sulphate or ccele- 
atine. A. Schouror-Kcstmr calcined an mtnnate mixture of pulverised heavy s|>ar with 
about 17 percent, of cad-dust in the nxlueing atm. of a reverberatory fumaco or in luted 
crucibles, and obtained 33 per ernt. yield of sulphide, 17 per cent, remained undreompoaed. 
Modifications have been recommended by T. do Rnochooky, T, von Dicnheim, IT. tSriineberg, 
M. Langsdorf, 0. Lenoir, J, Moctear, J. Nickl&s, J. von Liebig, A. Riviere, J, Watts, 
A, Wuftz, etc. L. Marino found that barium sulphate i« best reduced by water gas at 
Tho reduction of tho sulphates of tire alkaline earths by gases and tho technical 
preparation* of baryta have been studied by L. Marino and JJ. Doncsi. 

A. Frank heated witherite, heavy soar, or barium chloride with the carbide, air excluded: 
3BaCO a +BaC a =4BftO-|-. , jUO> V, S. Bradley and C, B. Jacobs heated a mixture of barium 
sulphate and carbon in an electric furnace. Tho first reaction is represented l 4Ba&0 t 
-MC^BaS-f3BaS0 4 + 4C(>, and the barium sulphide then reacts with tho sulphate: 
liaS r3BaS0 1 = 4Ha<J +4Sl) s ; the final product contained 40 per cent* of barium sulphide, 
and tiO per cent, of oxide They also heated mol. proportions of barium carbide and 
hydroxide, acetylene was evolved, and the resulting barium oxide was in a porous condition 
suitable for poroxidation. E. J. Mnumcnti heated a mixture of barium sulphate with 
ferric oxide to 1000° or J£lW D , whereby an insoluble compound of barium and ferric oxide 
is produced which is decomposed m an atm. of hydrogen, and the ferric oxide reduced to 
iron which then roae t& ; 2 Fa - j- Ra 0+£Ba£ -f- 2H A) =3HaO -f 2 FeS 4- 2H a . F. Pro) ahn 
meltod the heavy spar with iron; H, Schulze heated a mixture of barytes with native 
metal sulphides, &i/> 7BnSOj-|-3FeS^7B&fJ -f’FejOj+UfcSO.,, H, Niaworth heated coaleetino 
with OU eq. of carbun and iron oxide, and extracted the strontia with water. The resulting 
barium sulphide can be decomposed by hydrolysis with water or steam as recommended 
by R. Ziomo^ynaky* F, IConthor, A, Kose, etc. Ji. Terrefl and K. Bruckner showed that 
the reaction; 2B&S+2H a O==Ri[OH) J H-Ha(S.B) 1 , is incomplete, a double talt is formed, 
and the baryta produced always retains some sulphide which is very difficult, to remove. 
The results obtained vary with temp,, cone., and many other factors. They finally conclude 
that processes based on tins reaction are not industrial A Vogel, and J. 1*. J. d + Arcct 
recommended doeulphurizing aq, koIu, of barium sulphide by treatment with cupric oxide ; 
0. Stahlsehmidt, cuprous oxide E. Aaselm, ,1. ivuezynsky, M. L&lando, A. MuLUt, 
A. Rosenstichl, and C. Stohlachuudb recommended ziim-dust, zun: oxide, hydroxide or 
zino white. E. Riegel recommended pyrolusitc, but 1 |T . Mohr said this method is useless, 
while H. hr Pattinsen allowed that when a Boln, of barium sulphide ih treated with manganese 
dioxide or Weldon's mud, at 38°, and a stream of air paused through the liquor, two-thirde 
of the sulphide is transformed into hydroxide, and the remainder into an insoluble 
thiosulphate, Ba3 t O a . €. b\ Claus converted strontium sulphido resulting from the 
reduction of the sulphate, by treating it with barium hydroxide: R F* Tracheal and 
W, Moody treated the sulphide with sodium hydroxide and obtained strontium hydroxide. 
Electrolytic processes have hem patented by H. il. Taqust, A* Brocho^and Q. Hanson, 
and W. Fataky. etc. 

V* Kohlschiitter and. J, L, Tuscher® made calcium one electrode of an electric 
arc, and oxidised the vapour by a current of air. They thus obtained a highly 
dispersed form of the oxide. 
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§ 8, The Properties o£ the Oxides ol Calcium, Strontium, and Barium 

The oxides of calcium, strontium, and barium obtained by calcination at a low 
temp., are usually white, earthy, poroiiK, and probably amorphous Y. Kohl- 
schiitter and J, L, Tiischer obtained calcium oxide in a highly diverse form by 
vaporizing the metal in an electric arc ■ suddenly chilling the vapour by a current 
of cold air; and precipitating the fume by means of a high tension elertrio field. 
Several of the methods of preparation above described give crystalline products. 
If the purified nitrate of calcium, strontium, or barium be heated to the temp, of 
decomposition, the corresponding oxide is formed in cubic crystals. J. B. Tromms- 
dorfE 1 obtained crystals of calcium oxide, and G, Briigelmann, cubic crystals of 
calcium and strontium oxides, by melting and decomposing the dried nitrates by 
heat applied to the side of the tightly luted crucible* The microscopic needle' 
like crystal obtained from the nitrate are stated to give chromatic polarization, and 
these do not therefore belong to the cubic system, rather to the hexagonal system. 
The product obtained by similarly heating the hydroxide or carbonate was an 
amorphous powder. According to R. B. Sosman and co-workers, the crystalline 
form is obtained by heating the porous variety to a high temp*, or by crystallization 
from solo* in molten silicates or fused calcium nitrate. It is the stable form at a 
high temp. There is a transition or inversion point between 400° and 430°. 
H, Moissan obtained crystals of calcium and barium oxides in cubes, rectangular 
parallelopipeds, or in fine needles by fusing the amorphous product in the electric 
arc furnace. P. Lebeau likewise obtained crystalline masses by heating a mixture 
of calcium and an alkaline carbonate under similar conditions. A. I^vallois and 
S. Mourner found small distinct cubic crystals of calcium oxide in some parts of a 
continuous lime-kiln which had been in use 28 months ; the crystals had no action 
on polarized light. Some crystals obtained by H. Moiasan by sublimation in the 
electric furnace did polarize light, and they belonged to the hexagonal system; this 
makes it appear aft if calcium oxide, like barium oxide, is dimorphous. A, Jouve 
also found sonic transparent acicular crystals of calcium oxide, formed in a calcium 
carbide furnace, were probably hexagonal. A. W, Hull, and W, P* Lavey found 
that the X-radiogram of calcium oxide corresponds with a face-centred cubic lattice, 
with the closest approach of the atoms 3 42 A.; and that the arrangement of the 
atoms is the same in calcium metal, the oxide, and the fluoride, and that the atoms 
are respectively 2 and ]4 per cent* closer in the fluoride and ojddo than in the 
metal, W. Gerlach found that the lattice constants of calcium, strontium, and 
barium oxides all belong to the sodium chloride type. According to P. Lebeau, 
on isomorphous mixture of calcium and lithium oxides is obtained by calcining a 
mixture of the two carbonates, but with strontium and lithium carbonates, or with 
barium and lithium carbonates, an isomorphous mixture is not obtained and the 
lithia volatilizes. 

The specific gravity of amorphous calcium oxide was found by A. Royer 
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and L B. A, Dumaa a to be 3 l G8 (4 °); C. J. B, Karsten, 31<iI05 ; P. F, G. Boullay, 
3179 ; and E, Filhol, 3'180, G, Brugelinann gives 3 251 for the crystalline oxide, 
and A, Lavallois and 8. Meunicr, 3 32. The sp. gr. of calcium oxide is the greater 
the higher the temp, to which it has been calcined. H. G. F, Schroder found 3 13 
for the oxide calcined at 1000“ ; H. MoisEim, 3'30 for the oxide calcined at 1500 ° ; 
and 3 40 for the oxide calcined at the high temp, of the electric arc furnace, H. Davy 
estimated the ftp. gr. of the greyish-white porous strontium oxide to be between 
3*0 and 4 0 ; C. J. B, KaTsten gave 3*9321 ; and E. Filhol, 4*611, G. Brugelinann 
gave 4 51 for the sp, gr. of amorphous strontium oxide prepared by the calcination 
of the hydroxide or carbonate ; and 4 G1 for the crystals obtained by calcining the 
nitrate. A. F. de Foureroy gave 4 (1 for the sp. gr. of barium oxide; J. Tunnormann, 
4'2583 ■ C. J. B. Karsten, 4 7322 ; L. Playfair and J t P. Joule, 4'907 ; and E, Filhol, 
5*la6. G. Briigelmann gave 5*32 for crystallized barium oxide optically uni’ or 
Id-axial, and 5*72 for the cubic crystals. The hardness of crystallised calcium 
oxide is between 3 and 4 on Mohs’ scale. 

Calcium oxide is a very powerful refractory as shown by its use in the lime¬ 
light where it resists the intense heat of the oxy-hydrogen blowpipe flame. The less 
pure forms of lime may fusu under these conditions as observed by E. D, Clarke t :i 
En 1802, R, Hart! fused both baryta and lime. L. B. G. de Morveau reported the 
fusion of calcium oxide on charcoal ignited in a Htreamof oxygen, and H, Davy said 
that this oxide melts only with the strongest heat of a voltaic battery, H. Moisean 
found calcium oxide melts easily m the electric arc furnace, anil the cold ma hr is 
white and crystalline ; the, melting point is near 2510° ; C. W. Kmiolt gave 2570° ; 
and 0, LIiiIt and L\ Schmidt 2570° in an atm. of hydrogen. The last named say 
the boiling oecura only under reduced press,, and they also meant red the vap, press, 
curves. Calcium oxide erystalliKCs in the hottent part ot the flame of the oxy-hydrogen 
blowpipe. A, A, Read did not detect any change when the oxides of barium, 
strontium, or calcium arc heated to the m.p, of platinum. H. Moissan succeeded 
in volatilizing calcium oxide in his electric are furnace. He also melted strontium 
oxide to a transparent liquid in the same furnace at about :K)00 Q > and showed that a 
crystalline mass was formed on cooling. H, Abich noted that barium oxide fuses 
in the strongest heat of the forge ; E. D. Clarke found that baryta fuses to a slag 
in the oxy-hydrogen blowpipe flame; and H. Moissan melted and volatilized the 
oxide in hirt electric arc furnace. He found that barium oxide is a molten liquid 
(it 2000°, and is not decomposed at 2500°. W, R. Mott estimated that the hoilini? 
point of calcium oxide Is about 3400", and those of strontium and barium oxides 
occur respectively at 3000" and 2000°. 0. Ruff and P. Schmidt found 2850“ for 
the b.p. of calcium oxide in an atm, of an indifferent gas at 700 mm. E. Tied© and 
E r Birnhraucr found lime volatilizes at 1050° and upwards, and that strontia and 
baryta arc more volatile than lime. E. W, Washburn calculated the latent heat ot 
fusion of calcium oxide to he 28,000 (±20 per cent,) cals, per mol, or 49U( + 20 per 
cent.) cals, per gram. P. N, Laschtschcnko’s values for the specific heat of fused 
lime point to the existence of a mol. transformation from a-CaG to^-CoO between 
405° and 410", accompanied by an absorption of 5 cals, of heat per gram. The sp. 
ht, of ckuux fondue rose from 0172 at I90 a to O'181 at 375°, and remained stationary 
at 0131 at 400“, and it then rose to O'190 at 415° and to 0*193 at 680°. H. von War- 
tenberg and O, Witzel found the mol. ht. of calcium oxide at 2552° to be 14 8 cals. 
W t Nernst and F. Schwers found the mol. ht., C^, at 89*3" K. to be 3'39D* and at 
28'2' K., 0110? G. Gittj and B, Carlson represented the mol. ht. of calcium oxide 
at 0° between 0° and3500°, by 114+0-0010, Hence, 
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According to J, Thomsen, 4 the heat of formation of calcium oxide from its 
elements is Ca^iw 1-O ps ---CaQ^id-r-131'3 Cals,; A. Guntz and H, Basset give 
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lfil'9 Cak ; H. Moissan, I4G Cab.; and R. da Forcrand, 151'9. J, Thomsen gave 
for strontium oxide, (Sr, 0), 130'98 Cab.; A. Guntz and G, Roderer, 141*2 Cab .; 
and R. dc Forcrand, 137 60 Cals. J. Thomsen likewise gave for barium oxide, 
(Ba, 0), 100 36 Cals*; A. Guntz, 133 4 Cals*; and R, de Forcrand, 12586 Cab. 
See the corresponding hydroxides for the heat of solution of these oxides in water. 
H. Gautier found that the heat of noutraUsatioil of calcium oxide in hydrochloric 
acid is the same for the oxide prepared by calcining the cafbonate at 1000°, at 1300 s , 
or in the electric arc furnace; and H. Moissan observed no difference in the heat 
of neutralization of amorphous and crystalline calcium oxide. 

R. B. Sosman and co-workers give 183 for the refractive index of crystalline 
calcium oxide. Calcium oxide luminesces at a high temp, as shown by the lime¬ 
light* According to W, Crookes, & calcium oxide emits an orange-yellow phosphur- 
eaenoe in cathode rays of a vacuum tube; under similar conditions, strontium 
oxide gives a deep blue phosphorescence, while barium oxide scarcely phosphoresces at 
all* On stopping the discharge, calcium oxide gives a residual glow. According 
to H> Jackson, if calcium oxide which gives a very bright orange glow be heated in 
the oxy-hydrogen flame, it subsequently gives a blue phosphorescence. Calcium 
oxide which has been prepared from liighly purified calcium carbonate is strongly 
phosphorescent if in the crystalline condition, but it scarcely glows at all if amorphous. 
P. Bary studied the fluorescence of these oxides when stimulated by the X-rays, and 
by Becquercl's rays, L. dc Boisbaudran, and F. Schmidt have studied the effect 
of impurities—particularly manganese and chromium—on the phosphorescence of 
the alkaline earth oxides, F. Schmidt prepared phosphorescent oxides of the three 
alkaline earths by mixing them with small quantities of sodium fluoride, chloride, 
or phosphate, calcium fluoride, magnesium fluoride, lithium phosphate, potassium 
borate, or potassium hydropliosphate i and then with a soln. of nitrate of bismuth, 
copper, manganese, or lead. He also measured the spectra of the light, E. L, Nichols 
and D, T h Wilber found that calcium oxide exhibits a flame luminescence in the 
zone of the hydrogen flame between oxidation and reduction; the phenomenon 
does not occur with the flame of alcohol, ether, sulphur, or carbon disulphide. A full 
supply of oxygen in the atm. surrounding the flame is essential. Rapid uxidation 
and reduction appear to be essential. The effect is not produced by heating in air 
or hydrogen outside the dame ; and the effect is not modified by strong electrostatic 
fields, thus excluding ionization. Barium and strontium oxides gave a dim dame 
luminescence. 

' F* Horton found that the daclric resistance of a piece of limn at ordinary temp, 
exceeds 100 megohms, while the resistance in ohms and the electric conductivity in 
mhos at different temp, are : 

*63 B two- 1 i ia:j.v iw \m u 

Ohmfi . 70 *10" 417r> x JO 3 lil )0 k JO* J04-I x ][)* 2046 910 

Mhos . I-as* J0-* M'3SxlO 11 HlSxiU- 7 Oitt/lO 7 4‘7S>:I0" S MJ3SX10-" 

The curve resembles that showing the relation between the emission of electrons 
and temp. He concludes that only a small fraction of the current is carried by 
negative electrons. For baryta, subject to the oxidization of the compound to 
the dioxide at the elevated temp,: 

3tfT M0 n 345* aen" 42£* 4*17* 

Ohm* * U4<*XlO a lH4Xl(J a 78400 MS 3fi-7 * 141 

Mhofl . 100x10-* 3'53xlf>-" 8*SS0xl0" fl W43XJ0 E MtSxlCT 7 4'GlxKT 1 

There is evidence of a slight electrolysis during the passage of the current. F. Dein- 
inger has studied the emission of ions by heated calcium oxide. According to 
T. W* Case, the oxides of the alkaline earths are not perceptibly photo-electric* 
H. B Baker showed that heated lime ionizes gases, A. Wehnelt found the relation 
between absolute temp., T, the number of corpuscles, rt, given out by lime {measured 
by the saturation current) to be n—ttTle-tfr, where a and b are constants. 
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The solubility of calcium, strontium, and barium oxides in waCflff is discussed in 
connection with, the hydroxides; calcium oxide unites with water with great avidity t 
forming calcium hydroxide —slaked lime of hydrated lime (g.v.j, The moistened 
oxides give an alkaline reaction, and have a caustic alkaline taste ; they also corrode 
organic matter but to a lees degree than the caustic alkalies. With calcium oxide 
and water ranging from 17'962 to 7IS 1 67 mols of water to one mol of calcium oxide, 
S, Chumanoff claimed to have obtained solid phases with I 0725 to l'G5G3 mole of 
water per molof calcium oxide ; but W, A, Burdakoff showed that this is unlikely 
unless S. Chumanoff s sample was contaminated with sonic carbonate. According to 
W. Eidmann, the three oxides are insoluble in acetone and in methyl acetate. Accord* 
ing to C. Neubctg and B. Rewuld, the oxides of calcium, strontium, and barium are 
soluble in methyl ahohol t and the soln. becomes turbid when warmed and clear 
again on cooling. The soln, does not give the ionic reactions of the metal, hut gives 
colloidal precipitates or soln. The soln. contains 11'2 grms. of strontium oxide 
or 1125 grms. of calcium oxide per litre, A similar result was obtained with 
ethyl alcohol. S. Meunicr found that one part of barium oxide dissolves in 3'3 parts 
of molten potassium hydroxido, and the soln. absorbs oxygen from the air. This is 
explained by the circumstance that when calcium, strontium, and. barium oxides 
are heated in air or Oxygen, the latter gas is absorbed, and peroxides are formed 
According to W. Monchot and W. Kampschulte, 7 ozone is completely 
decomposed when passed through a 30 cm. layer of barium oxide, at ordinary temp., 
but iE cooled with ether and carbon dioxide, the baryta is coloured yellow— barium 
ozimtiifi ; calcium oxide bcliaves similarly, forming calcium oz&mte -sec potassium 
OHonatcs. This is particularly the case with barium oxide ; and C, F t ltaimnels- 
berg’s analysis of barium oxide -Ba^ -prepared by calcining the nitrate was 
affected by an error due to this cause. 

According to R. Bunsen and G. Kirehboff, at the temp, of the electric spark, 
strontium oxide appears to be reduced by hydfOgttl For the action of hydrogen 
peroxide! see the corresponding dioxides, J, A. Hedvall and N\ von Zweigbergh 
studied the action of barium dioxide* When a piece of calcium oxide is exposed 
to air, it combines with moisture and also carbon dioxide ; this is accompanied by 
a large increase in volume, and the lump crumbles to a powder, which is called air- 
slaked lime. The reaction occurs in two stages : (i) the absorption of water and the 
formation of calcium hydroxide: C&O-I-HhjO—C a(0H) 2 ; and (ii) the development 
of the water by carbon dioxide, forming calcium carbonate : CafOHlg-j-OOjj 
—HjjO-bCaCOj. These reactions are slow, and the product at one stage of tbc process 
is similar in composition to water-alalted lime, and it is possible to obtain air-slaked 
lime which has been carbonated to almost any degree. Hence, there is some 
confusion in literature as to the properties of air-slaked lime. 

According to II. Moissan, fluorine acts in the cold on calcium oxide liberating 
oxygen and forming calcium fluoride, at the same time much heat is liberated and 
the mass glows. V. H. Veley found that dry cblorillft docs not act on calcium oxide 
below 300 & , and at this temp, the oxygen is partially replaced by chlorine. J. J. Ber¬ 
zelius, and H r St. C. Devilie and H, Debray also found chlorine transforms heated 
calcium and barium oxides into the chloride, and iodine forms the periodate. 
In 1314, W. Higgins observed that ** dry muriatic acid has no action on dry <ial- 
oareous earth, whilst these substances readily unite if moisture Is present ’’ ; and 
V. H. Veley found that dry hydrogen chloride has no action on dried calcium 
oxide in the cold, but a reaction begins at about 80°, Ammonium chloride was 
found by F. Isambert to have no action on strontium or barium oxide at ordinary 
temp,, but between 180° and 300° an energetic reaction occurs—wide ammonia. 

H. St. G. Deville and H. Dcbray found that the oxygen of calcium oxide Is dis¬ 
placed by sulphur at an elevated temp. J. J. Berzelius made a similar observation 
with respect to barium oxide. C. Bruckner obtained calcium sulphide, polysulphide, 
and sulphate by heating sulphur with calcium oxide at a red heat. R. E* Hughes 
found that dry hydrogen sulphide has no action on dry calcium oxide in the cold. 
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but when heated, water w evolved and the mass becomes yelloiv owing to ifoj 

separation of some sulphur, 0, Schumann found hydrogen sulpiuds transforiu^ 
calcium oxide into a mixtuWj ICaS.SCaO. if- $ Hughes found that the reaction 
with dry barium oxide and dry hydrogen sulphide is insignificant between 15* 
and 90* but if moisture Im present, a react/on occurs, V ♦ H, Ve/ey found that 
sulphur dioxide reach* slowly at 300°, and faster at 362°: CaO-bSO a —CaSOa. 
According to K, Birnbautn and CL Wittieh, the dry ga&is not absorbed by dry 
calcium oxide below 400°, but at 418° the gas is rapidly absorbed, and a basic 
sulphite, bCaSOj.CaO, is formed ; and at 500° a mixture of sulphide and sulphate is 
produced by a reaction which V, H, Vetey symbolizes iOaSOg—3CaSQ 4 -bCa& The 
absorption with strontium oxide begins at 290° ; and at 2EH) 0 with barium oxide, at 
230°, barium sulphate is formed. According to H. B. Baker, thoroughly dried 
sulphur trioxide does not act on dried calcium or barium oxide at ordinary temp. 
According to J* J< Berzelius, and H, St. CL Deville and H. Debray, when carbon 
disulphide vapour is panned over barium oxide, heated in a tulie, the oxide becomes 
red hot, and a mixture of sulphide and carbonate is formed: CS^-fGBaO 

-2BaS+EaCfV 

H, Moissan found boron reacts with calcium oxide at a Jrigh tump,, forming 
calcium borate and a little boride, H, St, CL Deville and H. Debray noted the 
formation of calcium carbide and carbon monoxide when Carbon is heated with 
calcium oxide. E. Tiede and E, Birnbriiucr also noted that calcium and strontium 
oxides form carbides. II. Moi&san showed that if the calcium oxide is in excess, 
a secondary reaction occurs with the calcium carbide resulting in the liberation of 
calcium [q.v.): CaC a -f-2l.?aO—3('& E-2G0< According to J. Kolb, II. ltetahold, 
HL Rose, H, Debray, A, K, Schultascbenko, and A Vogel, dry calcium oxide 
absorbs no carbon dioxide in the cold, but a reaction occurs when the temp, is raised. 
According to V. H. Ycley, the absorption is insignificant at 300°, it is more marked 
at 350°, and is complete at 420°. K. Blrnbaum and M< Mahu found the lowest 
temp, at which absorption occurs is near 418°. E. M, lfaoulfc found that the rate 
of absorption of carbon dioxide is largely determined by the thermal history of the 
calcium oxide; in accord with this, 1{, B< Seaman and co-workers found that 
crystalline calcium oxide combined with carbon dioxide very slowly, while the 
porous variety combines rapidly with the same gas. The reaction has been studied 
in connection with the dissociation of the carbonate —vide nupra. J. CL Whetzel 
studied the effect of exposing quicklime to atm, air, and found a protective layer of 
carbonate is formed. Calcium oxide reacts with ethyl alcohol in a scaled tube 
between 11G 5 aud 120°, forming a mixture of hydroxide and ethoxidc; Ca(QH) 2 
+(C 2 H 6 0)^Ca. Similar results were obtained by A, De&trcm with propyl alcohol 
aud glycorol. H. Moiseun found that silicon is oxidized when heated with calcium 
oxide, and a calcium silicate is formed; II, Moissan and W. Diltbey also found 
that a filicide is formed: 2(!a0d-GSi-^CaS^f-SiO a ; and W, P, Bradley found 
that carbon and Silica in the electric furnace also produce the silicate : CaO 
-h2SjO a -bGC=CftSi a -b&0O, Strontium and barium oxides behave similarly. 
E. Mitachcrlicb observed that silica, alumina, chromic oxide, and ferric Oxide 
dissolve in barium oxide at a white heat, forming crystalline compounds soluble in 
hydrochloric acid, L, Korquignon observed that if steel be heated in a bed of 
quicklime, carbon and silicon are removed from the metal. H. Moissan found that 
calcium oxide react* with titanium at an elevated temp., forming calcium titauate, 

A* Aakunasy and K Grade studied the action of nitrogen r on a heated 
mixture of barium oxide and carbon— vide nitrides. V. H. Ye ley found nitric oxide 
is not absorbed by calcium oxide, H. St. C. Deville and H. Debray found that 
phosphorus vapour reacts with calcium oxide, forming the phosphide ; J, J + Berzelius 
made a similar observation with respect to barium oxide. H, Davy observed the 
reduction of calcium oxide by the vapour of potassium, and sodium, but 
X W, Mallet bad his doubt* on tbs matter. L. Gattermann found magnesium 
reduces calcium oxide, but the reduction of calcium oxide is slight; strontia is 
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reduced rather more energetically, and baryta still more ho. F, E, Weston and 
H. R, Ellis found that magnesium partly reduces calcium oxide, and calcium partly 
reduces magnesium oxide ; and aumumum reduces lime when heat is supplied, 
J. W, Mallet found that lime, strontria, and baryta are in part reduced by 
aluminium at a high temp, and the alkaline earth metal volatilized. E. Dufau 
found that chromium is oxidized by calcium oxide at the temp, of the electric 
arc, forming a crystalline double oxide: CrgQgAUaO; manganese* iron, cobalt, 
and nickel are also oxidized under similar conditions. H. Moissau found calcium 
oxide reacts with platinum at the temp, of the electric arc, and the platinum retains 
to 3 per cent, of calcium; for the action of barium oxide, vide supra. 
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5 9* The Higher Grides of Calcium, Strontium, and Barium 

In a paper, t'afmorj&iwt de I'oxyyhte par Us terres t A. von Humboldt 1 reported 
in 1798 that moist earths—baryta, lime, and alumina—are able to decompose atm. 
air by removing the oxygen and leaving the nitrogen. It was supposed either 
that the earths unite with the oxygen, or favour the oxidation of the associated 
water. It had previously been shown by N. T. dc Sausaure, and J. Ingenhous that 
soil in contact with atm. air forms carbon dioxide at the expense of the contained 
oxygen ; hence, the former argued that the result obtained by A. von Humboldt 
was due to the presence of oxidiaable organic matter, and was not produced by the 
purified earths. Meanwhile, J, B. van Mons verified A. von Humboldt s observa¬ 
tion, and compiled a number of older records of related phenomena. In 1800, 
C. L. Bertbollet contested the hypothesis that the earths absorb oxygen under the 
conditions indicated by A, von Humboldt. 

In 1810, J. L h Gay Lu&sac and L J. Thenard found that potaah and soda can 
form kyperoxides; and, they observed, the rapid absorption of oxygen from air 
passed over barium oxide heated in a tube to a dull red heat. L. J. TMnard 
(1811) assumed that a mol of barium oxide absorbs a gram-atom of oxygen, and 
this a&sumption was vindicated by the analyses of C, F. K&mmclsberg, and 
J. B. J, D, Boussingault, which corresponded with the formula BaaO : and BaO E , 
Bo that the product of the action is more or less impure barium dioxide, Ba0 s . 
C. F. Rammelsbctg, and M, Quesncville obtained this same compound by heating 
barium nitrate, and J T B. J, D. Boussingault by heating barium hydroxide or 
barium carbonate to dull redness in a stream of air. The latter also showed that 
the presence of a little moisture plays an important part in the reaction, for thoroughly 
dried oxygen or air is not absorbed or, at any rate, the absorption is very slow. 
It has boon suggested that if B, C. Bredie worked with dried oxygon, this explains 
how he could fix only six parts of oxygon per 100 parts of barium oxide, H. Je Chate- 
lier confirmed the observation that dried oxygen is not absorbed by barium oxide; 
on the other hand, E. Beckmann stated that the presence or absence of moisture 
is immaterial F. Kuhlmann also emphasized the fact that the Wium oxide 
should not be sintered or fused, since in that state it absorbs very little oxygon. 
J. ven Liebig and F. Wohler calcined a mixture of barium oxide with potassium 
chlorate in a closed crucible and obtained a 50 per cent conversion of the oxide 
to dioxide; B, C. Brodie found potassium perchlorate gave no better result. 
J. A. Wanldyn calcined a mixture of barium oade with cupric oxide when metallic 
copper and barium dioxide were formed. The use of barium peroxide for the 
continuous extraction of oxygen from the air by L* Q. and A, Brin’s process ftf.o.) 3 
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Attracted some attention before that process was ousted by cheaper methods of 
extraction. The preparation of a porous form of barium oxide suitable for rapid 
absorption was the subject of several patents which have been tabulated by R. Heinz. 
Np Sasaki studied the velocity of formation of the dioxide at and his 

results agreed with the assumption that the oxide and dioxide are mutually 
soluble in one another, and that such a soln* is proved when oxygen reacts with 
barium oxide. The reaction occurs first at the surface of the solid and afterwards 
penetrates into the interior so that the mathematical sole, is analogous to that of 
a problem in the conduction of heat* 

When barium dioxide is treated with water, it diffuses itself through the liquid 
without a rise of temp, and produces a white powder of the hydrated dioxide. 
L* J. Th^nard 3 added hydrogen peroxide to baryta water, and obtained a white 
crystalline precipitate. An excess of alkali is needed in order to avoid the forma¬ 
tion of compounds with hydrogen peroxide of crystallization, B. C, Brodie, and 
J. Thomsen used an analogous process, H. Gcisow added sodium peroxide to a 
soln. of barium chloride or hydroxide, cooled with ice-water, and washed, the 
precipitate with warm water to remove the sodium chloride and barium oxide 
until the filtrate begins to decolorize potassium permanganate. G. F. Jauburt 
employed an analogous process— vide infm. The hydrate is also formed by the 
action of water on barium peroxide, E. Merck treated the anhydrous dioxide with 
baryta water in order to get hydrated barium dioxide in a form suitable fur tbu 
preparation of hydrogen peroxide, N. T, de Saussurc observed the formation 
of hydratc-d barium dioxide by exposing baryta water, at about ij & . for some weeks 
to air free from carbon dioxide, B. C. Brodie also found that acetyl peroxide in 
contact with baryta water forms barium acetate and hydrated barium dioxide. 
H, 1c Chatdier dehydrated these products by heating them to 700” in a stream of 
dry oxygen, The analyses of E. Sehone agree with the assumption that the above 
processes furnish more or less impure octohydrated barium dioxide, BaO^BLLO; 
but, said M. Berthclot, it is difficult to decide between 7H 2 0 and fiH 2 0 because of 
the smallness of the crystals and their prommess to efflorescence. J, von Liebig 
and F, Wohler supposed the hydrate to contain 6 inols of water. He also prepared 
decaJtydrated fom'um dioxide* BaOo.lOH^O, by the action of a large proportion of 
water on barium hydroxy-dioxide, Ba0 2 .H 2 0 2 , E. Schbne believes that M, Berthe- 
lot's decabydratc is the result uf working with imperfectly dried products, and 
that no such hydrate exists. E. Sehone prepared monohydratod barium dioxide* 
Ba0 2 ,H 2 Q, by the spontaneous decomposition of barium hydroxy-dioxide. 

E. 11, Riesenfeld and W, Nottcbohm found that if the soln. contains more than a 
mol of barium hydroxide per mol of hydrogen peroxide, the octohydratts is formed ; 
the octohydrate is always formed over 60° ; and the anhydrous dioxide cannot be 
prepared in aq, sole, Soln. containing much hydrogen peroxide give barium dioxide 
diperoxyhydrate t Ba0 2 .HH 2 0 a , below ; and between 30° and G(J Q , barium 
dioxide peroxyhydrate, BaG 2+ H 2 0 2 , 

L. J. Th&iard 4 precipitated hydrated strontium dioxide by adding am oxyghkh 
to a soln, of the hydroxide. E, Sehone employed a similar process, R. de Forcrand 
showed the precipitate is octohydrated strontium dioxide, Br0 2 ,aH li O; and 
J, Conroy obtained a precipitate with variable proportions of water—8, 10, or 
12H 2 G—by adding sodium dioxide to soln, of strontium salts, . G. F. Jaubert 
employed an analogous process to that used for hydrated calcium dioxide— 
vide xrtfra, The hydrate can be dehydrated by heating it to 100° in a 
stream of air freed from carbon dioxide. B* C. Brodie and J, Conroy did not 
obtain strontium dioxide by passing a stream of oxygen over heated strontium 
oxide, or by melting strontium oxide with potassium chlorate. H. Struve, however, 
did obtain traces of strontium dioxide by heating the monoxide to redness in a 
stream of air. The presence of ferric oxide hinders the formation of the dioxide. 

F, Fischer and H. PliStee obtained a maximum yield of 16 per cent, of strontium 
peroxide by heating strontium oxide at 410° in oxygen at 100 atm, press. G. Rftderer 
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made anhydrous strontium dioxide, SrO s , by passing oxygen into a soln, of 
stron timn in dried liquefied ammoniA. J. B. Pierce hi ode 85 per cent, SrO^ by the 
action of oxygen on strontia under a press, of 105-126 kilogrma, per sq. cm, at 
lOOMiOCR E. H. Riesenfeld and W. Nottcbohm obtained the anhydrous dioxide 
from cone* soln, above 50 p , otherwise the octohydrate is formed. They obtained 
strontium dioxide dipewrayhydrate, Sr0^l ? H^0 2t by direct preparation from cone, 
hydrogen peroxides at low temp. 

L. J. Thenard precipitated octohydrated calcium dioxide, Ca0 2 .8H 2 0, by 
itdding a soln, of hydrogen peroxide to an aq. soln. of calcium hydroxide ; and 
L. Mond prepared it by adding hydrogen peroxide to milk of lime. According to 
R. de Forerand, if less than two mob of hydrogen dioxide be added to a mol of 
calcium hydroxide, the precipitate contains some calcium hydroxide ; and if three 
to four mob of hydrogen dioxide be used, the octohydrated dioxide is precipitated. 
The products are to some extent dependent on the temp., the higher hydrate is 
not produced above 20°, E, H. Riesenfeld and W. Nottcbohm obtained anhydrous 
calcium dioxide from very cone, soln. near U° ; and above 40°, even from diL soln. 
The ootohydrate is obtained from dil. soln. at ordinary temp. Thny also prepared 
dibydrated calcium dioxide, CaO^.^H^O, from tile anhydrous compound. 
J. Conroy obtained tbe hydrated dioxide by mixing a soln. of a calcium salt with 
sodium dioxide. G. R Jaubert treated equimolecular parts of enneahydrated 
sodium dioxide and tho iiydroxide of an alkaline earth with a little water, and the 
heat of the reaction was neutralized by the heat of soln. of the hydrated sodium 
dioxide. The resulting sodium hydroxide can be washed from the hydrated dioxide. 
Ho abo substituted a sulphide of the alkaline earth in place of the hydroxide. 
The water of hydration can be expelled* as in the ease of the hydrated strontium 
dioxide. By rapidly dehydrating the octohydratc, R. de Forcraiui prepared what 
lie regarded as a compound of calcium hydroxide and hydrogen peroxide, 
CafOHj^.H^O^, but which may really be dilndrated calcium dioxide* CaO-j^HgO. 
In opposition to R Sergius’ statement* B. CL Brodie* R Fischer and H. Plotae, K. H. 
Riesenfeld and W, Nottcbohm* and J, Conroy did not succeed in making calcium 
dioxide by passing oxygen over the red-hot oxide, nor by heating the oxide with 
potassium chlorate, H. Struve* however* obtained a small amount of calcium 
dioxide by using calcium carbonate free from iron oxide. E. If. RicREUifdd and W. 
Nottcbohm prepared calcium dioxide diperoryhydrate, by the method 

used for the compound of strontium. R Bergins found that a soln. of lime in 
, sodium hydroxide forms calcium peroxide if exposed to oxygen at over 100 atm, 
press. The low speed of the reaction, 2Ca04 j 0 2 =2Ca0 3 * prevents equilibrium being 
attained in a suitable time for experimental work, but if an inert solvent be present, 
in which both oxide and dioxide are soluble, the experiment can be made. 

The anhydrous dioxides are white powders resembling magnesia ; tbe hydrates 
form pearly scales or else acicular crystals, and lose their water when heated to 
100° in a current of air free from carbon dioxide. J. Conroy says the crystals 
of the octokydrates of barium, strontium, and calcium dioxides are isomorphouw. 
J. L, Gay Lussae and L, J. Thenard* and R Sehiinc studied the action o! heat on 
barium dioxide ; they lound that it decreases in vol. when strongly heated, that it 
melts more easily than the monoxide at a red heat, and, giving off bubbles of 
oxygen, passes into barium oxide. J, B, J, D. Boussingault found that in vacuo, 
barium dioxide decomposes: 2BaO 2 =2Ba0H"O a , at a dull red heat; and under a 
press* of 7 to d c ms. it decomposes at 800 & . According to J. A. 'Hedvall and 
N. von Zweigbergh* there is an arrest in the heating curve of decomposing barium 
peroxide at 795°, where the vap, press, of the evolved oxygen is one atm. In the 
presence of catalysts like cupric oxide* the decomposition starts at a lower temp., 
and extends over a longer range of temp. In the presence of silica, particularly 
amorphous silica* the reaction* normally endothermic* becomes exothermic, pre¬ 
sumably owing to the formation of barium silicate by the great reactivity of 
barium oxide at the moment of its formation. J. Kendall and F. J, Fuchs found 
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the addition of silica, ceric oxide, chromic trioxide, and ferric oxide accelerate 
the decomposition; with cupric oxide, the decomposition temp, is lowered from 
82f>° to about 320°. H. 1c Chatelier has measured the dissociation pressor® of 
barium dioxide at different temp, and found : 

Sib* ^3* fllSfl" [171]" n c* 735" 750* 77i?* 7*!J D 7W 

Treat - 211 2.1 G5 BO 2J0 340 510 62U 070 mm. 

Tbe hydrate of barium dioxide loses only water when heated below 130°, but when 
heated still more, it loses oxygen, and the hydroxide remains. E, H. Riesenfeld 
and VV, Nottebohm found that hydrated calcium dioxide is dehydrated at RX)°, 
and there is no appreciable decomposition below 22tf ; the decomposition is slow 
up to 275°, and it then becomes rapid. Finely divided calcium dioxide decomposes 
explosively when rapidly heated to 275°. The dissociation press, exceeds 100 atm. 
at 255*. F* Bergius gave for the dissociation press.; 

m* Jim* vjy 4uu n 

Dissolution press. , . y3 L 36 1HI ■ 1 107'SJ J24'U iJil 9 utni. 

E. H, Riesenfcld and W. Nottebohm believe that F. Bergius’ sample was con¬ 
taminated with potash. 

R. de Fore-rand 5 gives for the heat ol formation of calcium dioxide, (CaO, O) 
—513 t-rtlw., and (Ca, 0 3 ) —15U 43 Cals.; for strontium dioxide, (SrG, 0)=10'S75 
Cals., and (8r, 0 3 ) =152 10 Oak ; and for barium dioxide, {Ba, Q 2 ) —145'7l Cals* 

F. Bergius gave (CaO, O) 105 Cals., E. Riesenfeld and W. Nottebohm gave 

3 3 Cals, il r Eerthelot gave for barium dioxide, (BaG, OJ—12'lti Cals. R. dc For- 
cranri gives for the heat of hydration of calcium dioxide, (CaG 2 , SH a O U(|Uh i)=L&'(>3ti 
or (Ca() 2j SH a O w] i(i) —4’10(i Cals.; and CaO^aH^O-l-GH^O^ 17 851 Cak ; and 
for strontium, dioxide, (Sr0 2 , yil 2 Ou uU id) Cak M. Berthelot gave for 

barium dioxide, Ba(0H) 2 -b<)^Ba0 2 +H 2 Q—5 52 Cals, with liquid water, and 
with solid water, 4MX1 Cals. He also gave BaQ.lOH 2 0-hO- BaG^H-jO-blUb Cak 
with liquid water, and ti4 Cak with solid water: BaU^+ILO—BaO a .H 2 0-f2'ft 
Cals, with liquid water, and 14 Cak with solid water : Ba0 2 4-RJH 3 0 - Ba0 2 .luH a 0 
-f 182 Cals, with liquid water, and 3 8 Cak with solid water ; BaG 2 ,H 2 0=Jk(GH) 2 
f-Oq-2 8 Cak; BaO 2 ,Urif 3 O=Ba(0H) 2 ,9HjO-]-O4-U r 8 Cak R. de Forerand 
gave for Sr<)^ ( i ll t.MH _ IL a O.^ [ ,|i L y Wl ^2fi'i l 57G Cak M, Berthelot gave Ba0 2 -j H 2 0 2 aq. 
s=BaO..H a O a -|-llf2 Cals.; HA+Ba(0H) 2 ., l .-BaO 2riIlhi , (]r< ,^+Aq.+5^ Cals.; 
2M^hBa(OHj,^ ■..BaO,,H a tX + Aq,+l&-8 Cals.; BaQULAi-BaOo.H.O-hO 

-14 2 Cak “ ' 

M t Berthelufc found that barium dioxide is stable at ordinary temp,, and it can 
be kept many years without suffering any loss of oxygen, Octehydrabed calcium 
dioxide was found by R, de Fororund to be stable when dry* In vacuo, it 
loses a little oxygen, but it docs not lose all its water in vacuo at ordinary 
temp. J. k Gay Lussac and L, J\ Thenard,* and J, B. J. D. Boussingault found 
barium dioxide is reduced by heating it in a current of hydrogen, and oxygen is 
evolved : 2BaO s 4-2H 2 =2Ba(OH) 2 f0 2 . E. Schoiic said that anhydrous strontium 
dioxide has a greater affinity for water than has barium dioxide, and strontium has 
less affinity for oxygen than has barium ; he observed a gradual decomposition when 
it is allowed to stand in contact with water, and J. L, Gay Luasae and L. J, Thenard 
said that the decomposition is comparatively fast with warm water. R. von Fotegger 
and fL Philipp found that dikydrated calcium dioxide dissociates slowly in eoln,: 
CaOa.SHaO^CafOHkHjjOs, possibly the reaction if it really occurs should be 
symbolized: CaQs.SH^O^GH^O-fCafQHkH^G^ and the latter compound then 
breaks down into calcium hydroxide uud free hydrogen peroxide—possibly Ca(0H).j, 
HaO^CatGHkfHaOa. The decomposition attended by the precipitation of 
calcium hydroxide is complete aEter boiling the soln. for B hrs. According to 
L. J. Thenard, hydrated barium dioxide is but slightly soluble in cold water, and the 
soln. has an alkaline reaction. According to E. Schone, 100 c,e, of water dissolve 
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0'163 gnu. of the ootohydrate, Ba(0H) 2 .8H £ 0; hut 100 c.c. of soln. containing 
0 3 and 0 6 grm. of octohydrated barium hydroxide dissolve respectively 0102 and 
0'019 grm. of the hydrated dioxide, A sat, aq, soln, of barium dioxide thus gives 
a precipitate with baryta water. E. H. Ripwemeld and W, Nottcbohm found water 
converts the dioxides of the alkaline earths into the octohydrates. E, Schone found 
hydrated barium dioxide to be insoluble in alcohol and ether; and W. Eidmann found 
hydrated barium and strontium dioxides to be insoluble in acetone. For the action 
of hydrogen peroxide, vufe infra. ' 

When barium dioxide is treated with dih acids* it forms hydrogen peroxide. 
JS, Tanatar ascertained that acids which react with calcium and barium dioxide with 
an evolution of less than 3 5 Cals, of heat—e.p. phenol—give off oxygen instead of 
forming hydrqgen peroxide ; a similar rule was found to apply with salt soln.— 
e.fl. aluminium chloride. 

A. Baudrimont found chlorine reacts with barium dioxide suspended in water^ 
producing ozone-free oxygen; B. C. Brodie found that when barium dioxide is 
triturated with iodittft and water, barium iodide and oxygen are formed. When a 
dry mixture of barium dioxide and iodine is heated, barium periodate is formed. 
C + Weltzien obtained chlorine, oxygen, and ozone during the action of dry hydrogen 
chloride on heated barium peroxide. Dil. hydrochloric add furnishes a soln* of 
hydrogen peroxide ; while B. C, Brodie found that the cone, acid gives chlorine or 
a mixture of chlorine and hydrogen peroxide. Hypochlorites, chlorates, and 
nitrates do not oxidize either barium or calcium dioxide to the tetroxide. 

J. L. Gay Lussac and L. J, Thenard showed that when barium dioxide is heated 
with sulphur, barium sulphide and oxygen are produced. According to B, C. Brodie, 
when barium dioxide is rubbed up with water and carbon disulphide, a yellow liquid 
is produced which on standing in the cold slowly precipitates barium carbonate, 
while barium disulphide or, it an excess of barium dioxide is present, barium 
thiosulphate passes into soln* This reaction is rapid when the mixture is heated. A 
similar yellow liquid is produced by passing hydrogen sulphide into water in which 
barium dioxide is suspended, F. Wohler found that a rapid stream of sulphur 
dioxide makes heated barium dioxide white-hot, and a flame is produced. With dil, 
sulphuric arid, hydrogen peroxide is produced, and with a more cunc. acid, ozonized 
oxygen may be found, 

A mixture of barium dioxide and carbon was found by *L L. Gay Lussar and 
L, J. Th&iard to be decomposed by heat with the evolution of oxygen. D, Korda 
found that if a piece of barium dioxide and a carbon rod lie dieted in molten potas¬ 
sium carbonate, while the freeends are in electrical connection, a current of about 
one volt is produced and the reaction: 2 B&Q 2 H-C-- 2 Ba 04 C0 2 occurs. When 
triturated with organic substances, A. Dupre found an explosion may be produced, 
F. Wohler observed that a rapid stream of carbon monoxide makes heated barium 
dioxide white-hot, and a flame appears. B. C, Brodie found a stream of carbon 
dioxide results in the evolution of oxygen and the formation of barium carbonate; 
H. Struve found the hydrate also forms barium carbonate, and gives off oxygen, 

0. Michel and E. Grandmougin found that ammonia reacts with heated barium 
dioxide, with the evolution of nitrogen : 3B!i0 2 +2NHa-3Ba(OH)jj+N2, L. Santi 
symbolized the reaction with amm onium chloride soln,: 2BaOg-j-4NHiCl 
= 2 BaCl 2 -f INH^d-SHjjO+Oii. According to J. Conroy, hydrated strontium dioxide 
is readily soluble in soln. of ammonium chloride, and insoluble in aqua ammonia, 
C, A. L. de Bruyn found that an aq. soln. of hydroxylamine reacts with barium 
dioxide with inflammation, P + Sabatier and J. B, Benderens found nitrous Ollda 
reacts with barium dioxide between 500° and G00°, forming nitrogen and barium 
nitrate. J. L. Gay Lussac and L. J. Thenard observed that when warmed with 
phosphorus* barium dioxide is decomposed and oxygen is evolved; similarly also 
with boom and the metals* When an aq. soln, of sodium carbonate is digested 
with barium dioxide, B, C. Brodie observed the formation of a soln, of sodium dioxide 
and a precipitate of barium carbonate. C. Wejtzien treated barium dioxide with 
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aq, solm of the alkali sulphates—lithium, potassium, and sodium—amt obtained 
barium sulphate and a sob* which he believed to contain alkali hydroxide and 
hydrogen peroxide, H* Kw&snik reported that barium dioxide does not react with 
nob. of salts o! tbs alkali and alkaline earths, but it reacts slowly with magnesium 
salts, giving off oxygen. With tonic chloride it reacts: GBaOa+iFeCl^-j-BH^O 
^= 30 2 4 -^Ke(OH) 9 -h 6 BaCl a ,and I ikewise alsowith manganic, chromic* and aluminium 
salts* There is alec a rapid evolution of oxygen with nickel and cobalt salts 
aoln.; and a feeble evolution with sob, of zinc and cadmium salts, but more 
quickly than with magnesium salts* The salts of the noble metals are reduced to 
the metal, but hydrochloxoplatinic acid furnishes barium chloroplatinate. Cupric 
salts are not reduced and ozonized oxygen is evolved. G. Kassncr found potassium 
lerricyanide reacts: B&0 3 +2KgFeCya=0 2 -hK e BaFe 2 Cy :£ , and J* Quincke has 
shown that the reaction is quantitative. 

J, A. Hedvall and N, von Zwuigbergh found the rate of decomposition of barium 
oxide is accelerated by admixture witli other metal Oxides, and the decomposition 
is exothermic. Compounds were thought to be formed with barium oxide and the 
oxides of zinc, titanium, aluminium, lead, arsenic, antimony, vanadium, tantalum, 
chromium, molybdenum, tungsten, uranium, manganese, iron, nickel, and copper* 
Cuprous oxide and bismuth sesquioxidc were oxidized without forming compounds, 
A catalytic action was observe with cuprous and cupric oxides, and the oxides of 
magnesium, calcium, cadmium, lanthanum, ami cerium, while stannous and stannic 
oxides, and zirconia were without effect* J. H. Hildebrand, and N, Sasaki found 
that barium oxide and dioxide are mutually soluble in one another, and that the 
limits of their mutual solubilities at a given temp, vary with the states of the 
samples employed. 

i) r Schbne reported that in the dccomposition of barium dioxide by water, the 
supernatant liquid contains proportionally more barium hydroxide than hydrogen 
peroxide. This is explained by assuming that a portion of the hydrogen peroxide 
combines with aneq. quantity of barium dioxide to produce l^um dioxide hydroxy- 
hydrate, Ba0 s .H 2 0 3 . He isolated this compound by two different methods of 
preparation: first, by direct action on each other of the peroxides of barium and of 
hydrogen ; secondly, by adding a determined quantity of ammonia to a soln, 
of hydrogen peroxide containing a barium salt. In the first process the reaction is 
represented by Ba0 2 -|’H 2 0 3 —BaH 2 0 4 , In the second several phases may be 
distinguished, thus; BaCl 2 + 2 NH 4 OH^=£NH 4 t!L-|-Ba{ 0 H) J1 ; Ba{QH) a -|-H 2 0 2 

--2H 2 0d-Ba0 2 ; BaOaH-HaO^BaH^O^ The compound, BaH 2 0 4 , formed micro¬ 
scopic crystals belonging to the monoclmic system. The crystals were usually 
of a yellow colour, but they could be prepared quite clear and colourless. The latter 
soon decomposed at room temp., but they are more stable at 0° ; they finally break 
down into barium dioxide, water, and oxygen. The compound is insoluble in the. 
ordinary solvents; acids decompose the colourless compound without giving off 
any gas, but the yellow product gives off oxygen, and this the mom the yellower the 
product, R. de Forcrand measured the amount of heat evolved when a mol of 
barium dioxide is treated with n mols of hydrogen peroxide : 

MoleH.O, \ 0-6 1 2 3 10 12 

Hem developed , B IZI 4 350 7tSOl S 552 13 251 13 J58« (Jals. 

The breaks in the curve led him to assume that barium hydroxy hy drated-dioxide, 
BaO^-HgOji, qjBafG.GHjj;, is formed as well as another compound richer in hydrogen 
peroxide. E, Schonc believed that a strontium dioxide hydroxy hydrate, 
BrOg.HgOg, exists analogous with the barium compound, but it is so unstable that 
he was unable to isolate it in a pure state* E, Sehone likewise failed to obtain pure 
C&lcilim dioxide hydroxy hydrate) Ca0 E .H 4 0 2 . but he obtained a yellow unstable 
compound by similar methods to those employed for the barium compound* 
R, de Forcrand inferred the existence of calcium hydroxy-dioxide, Ca0.2H a 0 if or 
CiO^H^O^ or Ca(O.OH) a , by thermal methods similar to those which he employed 
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with the barium compound- W. lYaubc and W. Schulze found that calcium dioxide 
octohydrafco is converted by warm hydrogen peroxide into a yellow substance, which, 
under the most favourable circumstance, may contain 87 per cent, of calcium 
tetaftidtii Ca0 4 . The products may be heated to 130° 0. without undergoing 
change. They dissolve in dil. acid with immediate evolution of inactive oxygen 
which does not liberate bromine or iodine from acidified soln. of potassium bromide 
or potassium iodide. The corresponding barium tetrofide is much less stable. 
Ultra-violet light hastens the conversion of the hydroperoxide Bat^H^ into the 
tetroxide Baf) 4 , The tetroxides are not ozomtes, which, contrary to the opinion 
of W, Htreckcr and H. Thienemann, do not contain hydrogen, hut an addition 
compound of oxygen and the dioxide. 

It is not clear whic h of these formula: 

Bs <S *<!!:!!>* 

should be used to represent the composition of barium dioxide ; the second is perhaps 
preferable because (!) just as the alkaline earth oxides, BaO, readily unite with 
water, forming soluble hydroxides, Ba(0H) 2 , so might the corresponding peroxides he 
expected to form readily soluble hydroperoxides, flOdJBa.O.OJf. Barium peroxide t 
unites with hydrogen peroxide to form a compound, BaO-j.H^O.j, hut since this coin- 
pound dissolves in water with difficulty, it is inferred that it is not HQ,0. JJa.O.GH, 
but rather Ba0 2 JI 2 O s , with “ hydrogen peroxide of crystallisation,' - (i!) An 
organic dcrivative^barium ethyl peroxide—is biown to have a complex molecule, 
C 2 H & O.Q.Ba.O.OC 2 H 6 , from actual measurements. 
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810, The Hydroxides of Calcium, Strontium* and Barium 

According bo B. Pelletier, 1 if calcium oxide is mixed with about half its weight 
nf water, the liquid is at first absorbed, by capillary action in the pores of the lime, 
which remain after the estiupe of carbon dioxide in the burning. The air contained 
in the pores is expelled with a hissing noise as the lime combines with the water to 
form a pulverulent mass of calcium hydroxide, Ca(0H) 2 . The operation is called 
slaking lim ; and the product rfflM time, or hydrated lime. The combination is 
attended by the evolution of much heat, and the lime is such a bad conductor of 
heat that there is a considerable rise of temp. This is sometimes sufficient to inflame 
sulphur, gunpowder, wood, and, according to W. Lcnz, straw. The rise of temp, 
is greater the greater th^urity and the quantity of lime employed. The low-grade 
limes give a temp, of 270 y -3lK) lJ , while with richer limes A. Herzfeld measured a 
rise of 468°. R, Wagner found that quicklime which has been dropped in oil, 
and re-calcined, hisses like a red-hot coke when dropped into water. The great 
amount of heat developed in the slaking of lime is not due to the passage of water 
from the liquid to the solid state, since the lime is heated to 100° during the slaking 
with ice, and the escaping steam carries away some fine particles of the solid. A 
lump of crystallized calcium oxide from a fused cake in water slakes so very slowly 
that no rise of temp, is perceptible ; but A. L, Day, E. S. Shepherd, and F. E. Wright 
found that the powdered crystals appear to be inert when first placed in water, 
but in a few minutes hydration occurs with explosive violence. The decrease in 
the activity of calcium oxide with increasing temp, of ignition is due to shrinkage 
and a consequent reduction of surface. The denser the calcium oxide, the smaller 
the surface in proportion to its mass, and the less the reactivity with water. Calcium 
oxide prepared at a low temp, is loose and porous, and then offers a large surface, 
and in consequence hydrates rapidly ; B. Pelletier, K. Kortum, P, Heinrich, and 
F. Gobel have noted the emission of light, visible in the dark, whan lime is slaked 
with a little water. 

C. J. D* von Grotthus stated that some ammonia is formed during the slaking 
of lime, but A, Pleischl found no evidence of this. The reaction involves the change 
VOL, III. 2 x 
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from an anhydrous oxide to a hydroxide. J. J. Berzelius* analyses agree closely 
with that theoretically required for Ca(OH) a ; A. L. Lavoisier’s and J. L* Gay 
Lussac's analyses have the water rather low, and in J, Dalton's analysis the water 
is rather high. L. Reuter showed that the water in ordinary slated lime is usually 
0*5 to 15 per cent, higher than corresponds with the formula Ca(GH) a . 

Hydrated lime can bo obtained in commerce, and it is used for making mortar in place 
of quicklime. The hydrated lime has other commercial naine«~ften) limt, Urnoid, 

eto, If the quicklime is purchased, it is slaked by the consumer before use, and this 
entails a certain amount of trouble and waste. This question has been tiiucuseed by 
S. T. Brigham, 0. Warner, S + V. Peppel, otc. In the preparation of commercial hydrated 
Hmo, the quicklime lb ground to a fairly uniform small size, it is then mixed with water, 
and finally sieved or otherwise brought to a uniform fine powder* 

The velocity of hydration of the lime (and baryta) was found by H. Rose to 
vary with its thermal history, and its porosity, (i) The more porous the lime, 
the more quickly can it be penetrated by water, and the more quickly does sinking 
occur. Again, (ii) P. Lebeau, A. Hersfeld, H. Moissan and G* Oddo ascertained 
that lime prepared at low'' slakes violently when immersed in water, while that 
calcined at 1300° slakes quietly under the same conditions, and that which has 
been fused in the electric art: furnace is attacked trfo lentmevti, V. A. Jaequelain 
also found the crystals of calcium oxide formed by heating the nitrate at a high 
temp, slake very slowly, (iii) The presence of magnesium oxide in limestone 
retards the slaking. As E. de M, Campbell has shown, the hydration of magnesium 
oxide is very slow compared with that of calcium oxide, so that in the ordinary 
process of slaking lime, the magnesium oxide acts as so much inert matter. 

According to E, Candlot, the presence of calcium chloridfi accelerates the 
hydration of calcium oxide ; and, according to P. Rohland, the speed of hjdratton 
is accelerated by hydrochloric, nitric, acetic, or lactic acid, aluminium, barium, 
or calcium chloride, sodium acetate, asparagine, and ethyl alconol; the speed of 
hydration is retarded by boric acid, potassium or sodium hydroxide, calcium 
chromate, potassium dichromate, acetaldehyde, glycerol, and cans or grape sugar; 
and no appreciable effect is produced by aqua ammonia, calcium hydroxide, sodium 
or potassium chloride, and potassium nitrate cr hydrocarbonate. In general, 
therefore, acids, excepting boric acid, accelerate the hydration of lime ; and alkalies 
retard the action. 

T. J. Pclouze obtained calcium hydroxide by precipitation irom soln. of calcium 
salte by potassium or sodium hydroxide J and 1L Mohr used a similar process for 
barium hydroxide. Strontium or barium hydroxide is obtained by the action of 
moisture on strontia or baryta as shown by J. W> Ddbcreiner. According to 
<J. F. Iiueholx, the hydroxides are obtained by fusing the hydrates, and, accoixlmg 
lo D. Smith, by heating the hydrates to 100°. M. H. van Loar i lectolyzcd a ooln. 
of barium carbonate in barium nitrate in a cell with barium carbonate in the anode 
vessel, and found crystalline barium hydroxide was readily formed in the cathode 
compartment. Several of the technical processes indicated in connection with 
the preparation of barium or strontium oxide really furnish the hydroxide. This 
applies to all those processes in which the furnace products are leached with water. 
These methods have been discussed by K. Heinz. 

The hydroxides of calcium, strontium, and barium, obtained by slaking the 
oxides,are Jfoe white powders; thoscof barium and strontium, obtained by dehydrating 
the melted hydrates, are white crystalline masses. F. F* SeUvanoft showed that 
calcium hydroxides prepared in different ways all have the composition: Ce(OH) £ , 
and all adsorb water vapout, which is largely lost by drying in a desiccator over 
sulphuric acid, or at GO 5 ; but the last traces ore retained very tenaciously. The 
amorphous hydroxide and water behave like two mutually soluble liquids, for when 
shaken together, soln. of water in the hydroxide and of hydroxide in water are 
formed* The amorphous hydroxide cannot be transformed into the crystalline 
form by heating it with water, or by prolonged storage with water; but by heating 
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a supersat* S oln. 0 f lime, or by evaporating an aq* sob* of lime under diminished 
press* at SS 0 -^) 0 , hexagonal plates or prisms of Ca(OH) a can be obtained. A* Latny - 
and R, Phillips prepared small hexagonal prisms of calcium hydroxide by gradually 
heating a seln* of the hydroxide, the crystals arc deposited at about 80°, since the 
solubility of the hydroxide decreases with rise of temp. J. L, Gay Lussac obtained 
crystals by allowing a sain, of limew&ter to evaporate spontaneously in the cold 
over cone* sulphuric acid or in the presence of quicklime under a bell-jar* According 
to E. Weinschcnk, these cfyatals had a positive double refraction. A. Riffault and 

N. M. Chorapr^ passed a current through a cell containing a soln. of calcium nitrate 
separated by a porous partition from water. The crystals were deposited on the 
negative electrode which was placed in the compartment containing water. 

O, Luedceke found hexagonal crystals as a boiler incrustation and as a deposit in 
a Carre's ice machine. S, Glinka found small six-sided plates of calcium hydroxide 
in some hydraulic cement; these crystals were probably rhombic with a positive 
double refraction* 

F. F, Selivanoff prepared supereat* soln* by freezing soln* of calcium hydroxide, 
and they contained 0*28(M> 1 284 grm. CaO per 100 c,c*; he could not prepare a soln. 
with 0 29 grm. of CaO per 100 c.c., as reported by E. Guthrie. The supersat. soln. 
arc very sensitive to heat, and readily deposit crystals of the hydioxide at ordinary 
temp. The cryohydrato of lime solidifies, forming transparent ice ; when this ice 
melts, it deposits elongated hexagonal plates, or small rhombic plates of hemi- 
hydrated calcium hydroxide, Ca(0H)jj.JH^0. The hydrate is very unstable, 
and readily decomposes when slightly heated, forming the amorphous hydroxide* 
The hemihydratc, and the crystalline hydroxide, are less soluble in water, and dil. 
sugar soln, than the amorphous hydroxide. The crystalline or amorphous hydroxide, 
or crystals of the hemihydratc, arc without effect on supersat. soln. 

Unlike calcium hydroxide, the hydroxides of strontium and barium readily 
form hydrates. One hydrate of calcium hydroxide, CatGHJs.iHjjO, has been 
reported, but this hydroxide is Eometimes stated to form no hyi&ate. There are 
two hydrated strontium hydroxides with Sr(OH) a : H^Q^l : 8, and 1:1, and four 
hydrated barium hydroxides with Ba(0H) 2 : H^0=1 :16 ; 1:8; 1:3; and 1 : 1, 
although it is not clear if all these are chemical individuals. An increasing at, wt. 
of the basic metal correspouda with an increasing tendency of the hydroxide to 
form hydrates. Octohydrated strontium hydroxide, Sr(0H} 2 .811^0, or octo¬ 
hydrated barium hydroxide, Ba(OH) 2 .8H a O, is readily obtained by crystallisation 
from an aq. soln. of the oxide or hydroxide in hot water. According to 0. L. Bloxam, 
the octohydrated strontium hydroxide was obtained by precipitation on adding sodium 
hydroxide bo a soln. of strontium nitrate, just as M. Anfrye and J. P. J. d'Arcet, 
M. KirchhoS, and G. Pessina obtained the corresponding barium compound. The 
precipitate was washed free from alkali by means of ice-cold water, or with alcohol. 
F. Mohr added the theoretical quantity of powdered barium nitrate bo a boiling 
aq. soln. of sodium hydroxide of ep. gr, 11 to 15, adding water if necessary, for 
the complete soln, of the nitrate. The crystals which separate on cooling the 
filtered soln. can be purified by re-crystallization. E, Beckmann prepared octo- 
hydrated barium hydroxide by crystallization from a sat. soln. between 10° and 109°* 

The analyses of A, Scmcbay and E, Lenswn, B. Filhul, C. L. Bloxam, H* M. Noad, 
J* Thomsen, and D. Smith agreed with the formula Sr(OH},*J3H,0 for this hydrate \ but 
ft. Phillips and H. Berthelot gave analysesin agreement with U* L. RuchoJs: 

first analysed the arysfcals of hydrated barium hydroxide, and his numbers agree with the 
formula Ba(Ott) a *9H|0 ; and this was confirmed by tha observations of H. Rose, H. M. Noad, 
M, Berfhelot, R, Phillips, A. Hosenstiehi, and E, Initial's analyses with Ba^OH^AHjO ; 
but O. L* Bloxam, E* Beckmann, and D, Smith showed that the composition is more m 
agreement with Ba(OH),*SH,0, the value accepted at the present day. The older analyses, 
said W* Reuliug, were made on impure hydroxide, and the water was determined by 
difference; the presence of aluminium, magnesium, alkalies, and may be barium cyanide, 
made the amount of barium oxide formed by calcination appear too low* Tho general 
formula M(OH)|*£H ,0 ia now considered to represent correctly tho composition of theme 
two hydrates. 
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jading u a ml E. "!“■ "“l ■» 

juiaferf to a methyl Alcohol noln, of hanUIU OX/lfc, fcfltf QCtohjuI&t& ddpdfAtdS /J] TTcJl^ 

formed needfes, wii'cA dtffer /touj tic cjydfca/s ol tie ordinary octohydrate in losing 
nmol of water over phosphorus penioxide. 

In vacuo, or in dry air, C, L, Bloxam, and R Beckmann found the crystals 
lose seven-eighths of their water, forming what they regarded as monohydrated 
barium hydroxide* BafOH^.HgO, which, when moistened, again forms the octo¬ 
hydrate with the development of heat. R> de Forcrand prepared the monohydrate 
by dissolving barium oxide in aq. methyl alcohol, and drying the resulting product, 
Ba( OH) 2 .2CH 3 OH, in vacuo. J* C. H. Hey cr, and H. Leecccur obtained monobydrated 
Strontium hydroxide by drying the octohydrate in vacuo; and R. Finkencr by 
Ideating it to 50°. It. <le Forerand found that by heating octohydrated strontium 
hydroxide to 45 c ™50° in a stream of hydrogen, the tnonohydrate is formed; if 
the temp, is 95°, the hydroxide SrjOII)^ appears. Again, 15 hours' exposure of 
octohydrated barium hydroxide in a stream of hydrogen at 45 s gives the mono- 
hydrate ; while an hour at 95 a gives Ba(011)g. W. Mullcr-Erzbach’s vap. press, 
measurements at 15°, correspond with tho passage of octohydrated strontium 
hydroxide to dikiftlrtded strontium hydroxide, Kr( 0 H)r 3 , 2 H 2 0 , and thence to the 
monohydrate; but the dihydrafce has not yet been isolated, M. Karcz, 
and A. Herxfcld prepared monohydrated calcium hydroxide by dissolving calcium, 
oxide iu air-free distilled water, and allowing the soln. to stand seme days at G0°; 
the crystals which separated were dried over potassium hydroxide. The crystals 
lost part of their water at ordinary temp., and all between G0° and 70°, 0. Bauer 

prepared trihydrated barium hydroxide, Bu(Oily, r 3H E 0, by gradually raising 
the temp, of the octohydrate, the molten salt begins to boil at 1U3°, and at 108'5°, 
crystals of the trihydrate separate out. In dry air the trihydrate forms the mono- 
hydrate. W, Artua claimed to have made crystals of the hcxadcc&hydrtticd 
barium hydroxide, Ba[OH) 2 .lGII-jO. K, J. Maumene was not right in saying that 
the water content of the hydrates of barium hydroxide does net follow the law of 
constant projwrtion. 

The hydroxides of the alkaline earths are all soluble in water, and the soln, 
form the so-called liine-woler {&iu de chaux, Katkwo&ser), stroitiia-woter, and baryta- 
wiler respectively. These liquids are clear and colourless; they have an acrid 
taste ; and react alkaline towards vegetable colouring agents* and, according to 
M. Fetbenkofer, 3 this the more strongly the greater the mol. wt. of the base. The 
aq, soJn, rapidly becomes covered with a film of the carbonate on exposure to air. 
The so-called milk of lime and cream of lime (hit de chanx, Kaihmilch) are not soln. 
hut mixtures of lime-water with different proportions of undis&alved calcium 
hydroxide. 


Lime-water is mode by stirring An excess of fdoked lime with wAter, and decanting the 
clear liquid out of contact with tho air. Lime made from native carbonate muy contain 
sodium and potassium flalt.H, Aud in order to eliminate the latter, A, Vogel, and 1\ Kuhlmann 
recommend rejecting the first liquid after tho residue, and treating the solid with a fresh 
portion of water. 


V. Kohlschiitter and G. Walfcher 4 have studied the rate of hydration of calcium 
oxide, and the rate of settling of the hydroxide in aq. soln, of various salts—sodium 
hydroxide, chloride, acetate, and carbonate; potassium chloride, nitrate, and 
thiocyanate ; calcium, chloride, and nitrate; ammonia; and ammonium oxalate. 
DU. soln, of some salts increase while cone* soln, decrease the veloiity of sedimen¬ 
tation ; and other salts act in the converse way* The velocity of sedimentation is 
greater when water is added to quicklime than conversely; there is a difference 
with lime slaked by water and by Ume-water, 

When quicklime is slaked: Ca0+H 2 0—Ca(0H} fi , and a very slight excess of 
water is employed, the product of the reaction, according to P. P* von Weimorn, 
assumes a colloidal form, V. Kohlschiitter and G. Walther showed that it is 
probable that an intermediate colloidal state is assumed m the production of a 
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soln. of calcium hydroxide in water, B. Kosmann holds that the slaking of lime 
is an operation involving the step-by-step production of the following (imaginary) 
compounds: Ca(OH) 2 HCafOH)^ H a Ca(OH) & -> H4Ca(0B) e H 5 Ga{OH) 7 
-^HflCa(OH) a ->H 7 Oa(OH) 9 , The setting ol mortar probably consists in the loss 
of water by the colloid, just as the hardening of gelatinous silica or the drying of 
plastic clay is due to desiccation of colloidal matter. The drying of colloidal 
calcium hydroxide is accompanied by a considerable contraction in vol., and it 
cracks and loses its form. The shrinkage is lessened by the addition of sand, or 
other inert substance. The particles of sand become coated with a film of lime 
which adheres very tenaciously. The cohesion of the dried colloid, and its adhesion 
to the sand, impart mechanical strength to the mortar, and enable it to resist the 
tensile stresses during its shrinkage. 

The slow hardening of mortar is not due to a reaction between lime and the silica 
of the sand, because no such reaction occurs * although, with the less pure forms of 
sand—containing felsp&thiu matters, puzzolana, etc.—a reaction may occur. Some 
of the ancient mortars were made by mixing the slaked lime with puzzolona, and 
this accounts for the presence of combined silica in manv of those which have boon 
analyzed. In general, the essential process involved in the setting of mortar is the 
dissociation of the colloid. The so-called siml-linw brick# are really mortar bricks 
—made by mixing slaked lime with sand and water, moulding the mixture by 
press., and hardening the product, either by solar heat, or more usually by super¬ 
heated steam. There is no satisfactory evidence that the lime and sand react 
chemically under the conditions of manufacture. 

There are at least two secondary changes which may supervene on the primary 
setting by the desiccation of the colloid. (11 When mortar is exposed to moist 
air, it gradually forma crystalline calcium carbonate. The crystals arc closely 
interlaced and form a coherent mass, The mortar is thus hardened. The indura¬ 
tion of mortar by the formation of carbonate is a secondary process, and is confined 
to the outer layers of a mass of mortar, because the impervious coating hinders the 
access of carbon dioxide to the interim. The mortar from old Roman buildings, 
for instance, after 3000 years* exposure, consists mainly of calcium hydroxide with 
a superficial layer of carbonate, (2) The crystals of calcium hydroxide which arc 
sometimes found in hardened mortar, are not due bo the primary hardening, but owe. 
their formation to the subsequent soln. of the calcium hydroxide in water and 
its re-deposition in the crystalline form. 

Determinations of the solubility of calcium hydroxide in water have been made 
by J. Dalton, 6 R. Phillips, L. Wittstein, and many others. As -T. Dalton pointed 
out, the remarkable feature is the decrease in solubility which occurs with rise of 
temp.—usually the reverse obtains. As a result. It. Phillips showed that a pre¬ 
cipitate appears when a sat, soln. is heated, and, added T, Graham, the crystalline 
deposit “is not diminished sensibly by being allowed to remain in soln. till it 
becomes cool, or was not re-dissolved on cooling," The composite results of the 
different observations which have been made with Ca{OH) y as the solid phase, and 
expressed in grams of solute per 100 grins, of water, are ; 

o n ie" 20" it i" so 9 so 9 inn" 120* isa a iuu“ 

Ca(OH),. 0-185 0'170 0105 <M4I 0-115 0004 0 077 0 041 0 022 O Oll 

CaQ t 1) 140 0 133 0I2G 0 107 0088 0 071 0058 0031 0017 0008 


A. Lamy claimed that the solubility of calcium hydroxide depends on the temp, of 
preparation of the anhydrous oxide. Thus, expressing the results in grams per 
litre, he reported: 

C* 15“ SO 9 60* 

Limo from nitrate . 01302 01277 0 1142 OD&44 

Lime from marble . 0 J3SI 012H0 0'1102 0-0808 

Preoipitated hydrnta . 01430 0 1348 0 1105 OD8S5 


IM 3 
0-0503 
00570 
0 0584 


The time required to attain equilibrium between the liquid and solid phases may be 
different in these cases, and, consequently, A, Lomy may not in all cases have been 
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. '.. - t . ^ Th« lliay nlso explain how the measurement* bj 

wori3 oro not M> ooiieonfant as mitfit have been anticipated. 

The d t ?torminations of tho sohibihty of stroUtWIU hyuTOXIQO IB W&tBT are ^ [. 
*o numerous as is the esse with calcium hydroxide. A. Kmo&u* 6 and C F Bucholz 
made isolated determinations) and C. Scheiblcr and D. Sideisky measured the 
result over the range of temp, between 0° and 100 3°* The solubility curve is ^ 
normal in that the solubility increases with rise of temp. Expressing the results " 
In grama of solute per 100 grma. of soln., when the solid phase is Sr(0H) 2 .8H E O: 


Sr(OH) i .8H t O 

SrO 


o n 

W 

£0” 

30“ 

4G* 

50° 

CO* 

sn a 

100* 

0t)0 

\2Z 

174 

2717 

3-80 

5-48 

777 

Jrt«3 

4771 

035 

0’48 

OUB 


1-40 

273 

303 

8-58 

I860 


Isolated measurements of the solubility of barium hydroxide in water have 
been made by H. Davy, R. Qsann, and A, Bineau, Determinations from 0 th to tho 
imp. of the octohydrate, Bs(0II)g.8H 2 0,78‘65® have been made by A. Kosenstichl, 
where the octohydrate is the solid phase. Expressing the results in grams of the 
solute per 100 grins, of win*: 

cr w £o n (yi a 4tr wi ,: wj* vs" so 1 

BafOHjj.SH/J . Hi5 2-42 37* 5 20 7‘fiO II !5T 17 32 38 85 5035 

HaO * . . 1 J 48 2 17 ,136 475 fi-85 Jll‘5 Ifl-8 382 47'fl 


The solubility in water thus increases with increasing mol. wt* of the hydroxide, 
for 100 parts of water dissolve respectively O'128, 2U, and 3'44 parts of ealcium, 
strontiujn, and barium hydroxides. In this respect, the hydroxides are unlike the 
sulphates, chlorides, and nitrates, whose solubility increases with decreasing mol. Wt. 
The m,p. of the octohydrate is indicated above* W. A, Tilden suggested that the 
great difference in the solubility of hydrated barium and strontium hydroxides on 
the one hand and of ealcium hydroxide on the other hand, makes it probable that the 
former retain their hydrate-water when they pass into soln. H* F* Sill found tho 
solubility of octohydratcd barium hydroxide at 25° to be augmented by : 

with a press, of one megabar (t.c. 102 kgnn, per sq, cm.) the solubility is 8299 per 
cent .; with 245 meg&bars press., 8840 per cent.; and with 490 megabure press,, 
9'3b6 per cent.; he also found the temp, coeff. of the solubility to be 0 28S per cent. 

The solubility of calcium hydroxide is greatly reduced in the presence of alkali 
hydroxides, so much so that L. Wittetein, 7 and T. J. Pelouze stated that eulcium 
hydroxide is not soluble in alkaline lye, and is precipitated from its aq. soln. by the 
alkali hydroxides. The effect of potassium hydroxide or sodium hydroxide on the 
solubility of calcium hydroxide has been measured by A. d’Anaelme, at different 
temp,; when the cone, is expressed in grams of solute per litre, he found : 

STaOH. . 0 Qi Id 2'6l> 50 9 0 200 

« ~ £ 20 s . W7 0 04 057 0 3!l 078 0-11 U'02 

^ 110* . 054 <m 074 0 05 O'Ol Ml 0 00 

Aqua ammonia acts in a similar manner, but the effect is less pronounced than with 
the fixed alkalies* E, Maigret measured the simultaneous effect of both sodium 
hydroxide and chloride on the solubility of calcium hydroxide. F r A. H. Schreine- 
makers investigated the decrease in the solubility of barium hydroxide produced 
by increasing proportions of sodium hydroxide ; G, Bodlhnder, the effect of al&ali 
carbonates and hydroxides on the solubility of calcium hydroxide. 

A. A, Noyes and K, S* Chapin observed that the solubility of calcium hydroxide 
is augmented in the presence of ammonium chloride. Thus, at 25°, the solubility 
was raised from 0150 gnu* of Ca(0H) a per 100 c.c. of soln. to 0 442 grm., when 
0447 grin, of ammonium chloride was present. M. Berthelot explained the in¬ 
creased solubility by assuming that a complex salt, 2 NH 4 Cl.Ca(OH) 2 , that is, 
CafNH 3 ) a Cl 2 ,2H a O, is formed. 0. J. B, Karsten found that calcium hydroxide 
dissolves more copiously in the presence of sodium chloride than in water alone; 
and G. L. Cabot found that (;) the effect is still mom marked with ptiamum chbride 
than with sodium chloride ; that (ii) at any assigned temp,, the solubility increases 
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with the cone, of the alkali salt up to a certain limiting value corresponding approxi¬ 
mately with one-fifth of the cone, of a eat, soln. of the alkali chloride and subse¬ 
quently decreasing with increasing cone, of the alkali chloride, becoming, according 
to 0, Kernot and co-workers, less than in water alone ; and that (iii) for a given 
cone, of the alkali salt, the solubility decreases with rise of temp. The raising of 
the solubility is here conditioned partly by double decomposition, and partly by 
the formation of a complex calcium salt, W. Herz found the solubility of barium 
hydroxide to be increased by the lithium, sodium, potassium, and rubidium chlorides. 
The effect is greatest with lithium and least with rubidium chloride. C. J. B. Karaten 
also ascertained that tlue presence of sodium nitrate or premium nitrate also increases 
the solubility of calcium hydroxide ; ami that an aq. soln. of calcium hydroxide 
gives a precipitate with sodium sulphate only when the soln. is quite eat. with that 
salt, while precipitated calcium hydroxide slowly dissolves in an aq. soln. of sodium 
sulphate at 15° to 19°, and la slowly transformed into dihydrated calcium sulphate, 
CaS 04 . 2 H a 0 ’-glauberite, Na 2 S0 4 .CoK0 4 , is also formed I. Herald has 

investigated the caustification of sulphate by calcium hydroxide. 

According to C* J. ii. Karsten, calcium chloride raises the solubility of calcium 
hydroxide in water ; and, according to B. Zahorsky, soln. with less than 1(J per cent, 
of calcium chloride dissolve rather less calcium hydroxide than does water, but 
when the cone, of the calcium chloride soln, is greater than this, the solubility of 
calcium, hydroxide is augmented because of the formation of what R r Zahorisky 
regards as calcium trihydroxychloride, SCaO.CaOljj.lGlIaO, or 3f-a(0II) 2 .CatJl 3 .1211^0, 
or Ca s {OH] 3 CU6H £ 0 ; he givea for the number of gram a of calcium oxide dissolved 
in BH) c.c. of soln.: 



ii 

r h 

in 

}7i 

2() 

sn 

Sc ci'nt.. 

f'-i'l 

20* . 

. 0-J374 

01370 

OlOOl 

01003 

01807* 

01001* 

0-1030* 

40° 

. 01102 

OllflO 

01418 

0-1781 

0-2240 

0-3020* 

0-3084* 

G0 P . 

. 0I020 

01020 

04313 

04700 

0-2204 

0-2080 

0-3004 

S0 n > 

, 0 0845 

0 083(1 

0432a 

04733 

02200 

0-3201 

0-4122 

HKP . 

. 0 0004 

OOflOfi 

04360 

04842 

0-2320 

0-3710 

0-4022 


The results with water alone arc higher than the standard values ; and those marked 
with an asterisk were affected by the separation of any oxychloride from the soln. 
which lowered the amount of the dissolved calcium chloride. G. Lunge lias dis¬ 
cussed the part played by calcium chloride in W. Weldon's process for chlorine. 
F. A. H. Schreinemakers and T. Figce have studied the ternary system 
H 2 0 -Cat\- Ca(0H) 2 , and obtained two oxychlorides, Ca(0H) 2 .CaC] 2 .H 2 O, and 
4Ga(OH) 2 ,CaOl 2 ,I0H 2 O; F. A. H, Sclircinemakers and J, Milikan, the systems 
CaCla—CnO—H 2 0, and CaBr-j—CaQ—H 2 0 ; J. Milikan the system with aifctum 
iodide, Cal 2 —CaO—R 2 0 ; and of strontium hydroxide with. strontium cftforwfe, 
SrCl 2 —SrO—H 2 0 ; strontium bromide, SrBr 2 —SrO—H 2 0 ; and afrojUiwm iodide, 
Srl 2 -SrO -H 2 0; and F. A. II. SchreinemakerB and J. Milikan, the systems with 
barium oxide and barium chloride, Brf’L —B&O—11^0; Ixirium bromide, 
BaBr 2 —BaG—H s 0 ; and barium iodide, Jial 2 —BaO—H 2 0—virfethe corresponding 
oxy-halides. F. K. Cameron and W. 0, Robinson, and H, Bassett and H. 8. Taylor 
have studied tho ternary system with calcium nitrate, namely, CaQ- Ca(N(^) 2 —H E 0; 
C. L. Parsons and C. L, Perkins, the ternary system involving strontium hydroxide 
and strontium nitrate, namely, SrO—SrfNOa}^—H a 0 : C, L, Parsons and H. P. Corson 
the system with barium hydroride and barium nitrate, namely, BaQ- -Ba(N0^)r;—H a 0; 
and F. K. Cameron and j\ M. Bell, the ternary system with calcium sulphide, namely, 
CaO —CaS 04 —H^O. 

The addition of alcohol precipitates barium hydroxide from baryta water. 
B, Beckmann ® found that barium hydroxide is sparingly soluble in mixtures of 
alcohol and water. At room temp., 50 per cent, alcohol dissolves 0 43 per cenh of 
barium hydroxide* W. Rothmund measured the solubility of strontium hydroxide 
in aq. eoln, containing £iV-proportions of tho following substances—the given data 
are expressed in grams per 100 c.c, at 25°—water alone, 1010 ; methyl alcohol. 
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0*&97 ; ethyl alcohol, 0'905; propyl alcohol, 0 861 ; tertiary amyl alcohol, 0*766 j 
acetone, 0'842; ether, O'785; glycol, 1121; mannitol, 2 429; urea, 0'9&7; ammonia, 
CT955; dmdhykmine, 0713; and pyridine, 0-844* 

According to W* Eidmann, calcium, strontium, and barium hydroxides are in¬ 
soluble in acetone and in meiltyl acetate. W, Herz and M, Knock found the solubility 
of barium hydroxide in aq. acetone decreases as the proportion of water becomes 
Ickb from 4 &0G grms. of the solute in water at 25° to 0018 grm* in water con¬ 
taining 70 per cent, of acetone by vol. They also determined the sp, gr, of the sob. 
The solubility of calcium hydroxide in glycerol has been measured by M. Berthclot, 
P, Carles, F. K* Cameron and H. E. Patten, W. Herz and M. Knock. The latter 
found at 25°: 

Glycerol , 0 7lfi 2044 3IJSG 4000 487 ISEI'3 percent, 

Cfl(OH) s . LHG93 0-3013 0S532 0S339 WBfi !03l 3 (tfO gnua. per 100 c.e* 

Cat) * 01200 U-2281 0*4180 0 0313 !125 1-234 2 d&7 grma. per 100 o.c. 

They also measured the sp, gr, of the soln, F. K. Cameron and H. E, Patten 
found that at 25° the solid phase is always calcium hydroxide, although a complex 
is probably formed in the soln.; and that the increase in the solubility of calcium 
hydroxide in aq. soln, of glycerol over that in water, is directly proportional to the 
none, of the glycerol. W. Rothmund found a Jtf-soln, of glycerol dissolves 1331 
grms. of strontium hydroxide per 100 c,e. 

The solubility of calcium hydroxide in aq, aoln, of sugar has attracted much 
attention on account of the use of lime in the defecation of sugar. The solubility 
in a soln. of sugar is much greater than in water. The solubility has been measured 
by E. M. Peligot, T. J. Pelouzc, P. H. Dctm, J. Weinberg, etc. The ratio of lime 
to sugar in the soln. varies almost continuously with the composition of the soln., 
but M. Berthelot showed that this ratio does not vary proportionally, in consequence 
of the formation of different compounds in the soln., e.g. calcium trisucrate, etc. 
Whatever compound is formed in the soln. is broken down by water, and 
* F* K. Cameron and H. E. Patten showed that the solid phase in the ternary system, 
CaO-flug&r-H,jO, ia one of a aeries of solid solo. with calcium hydroxide as a limiting 
or end-member. They also measured the sp. gr. of the soln, F. K, Cameron and 
H, E, Patten's results at 25°, in grams per 100 grms. of soln., arc : 

Sugar * . 0 002 482 770 U!K> 17*42 Z0-K0 

Cn(OH) E * . 0117 0730 I’3jj£l 321 .^38 fi’07 

* H. Claasen has studied the various factors which influence the solubility of calcium 
hydroxide in soln. of sugar. J. Weisberg showed that the apparent solubility is 
affected by the condition of the calcium compound employed— e.g. whether the 
oxide, hydroxide, or milk of lime h added to the sugar soln,—the anhydride seem* 
to be the most soluble. The solubility is less as the temp, rises, thus, P, J. H. van 
Ginneken found at 80° : 

Sugar, , 000 000 1473 1JV50 2400 2070 

(Jfl(0Hj a . 0-243 O-303 0341 * 0723 1-341 

grams per 100 grms. of soln. The alleged calcium trisucrate present in the soln, ia 
supposed by E, Boivin and D. Loiseau to be less soluble hot than cold. The lime 
is precipitated on boiling the sob. With strontium hydroxide, 100 grms* of a 
sob* containing 10 grms. of sugar were found by 0. Scheiber to p dissolve 1'21 
grms* of strontium oxide at 3°; 141 grms* at 15°; 1'87 grms. at 24°; and 3 58 grms. 
at 40 4 , The lime ia precipitated on boiling the sob, Gh J, van Meurs has measured 
the solubility of calcium, strontium, and barium hydroxides in aq. soln, of phenol. 

Slaked lime is a white amorphous or colloidal powder. According to 
H. le Chatelier,® crystallized slowly, as in the hydrations of cements, it forms large 
well-developed crystals which may be recognized by the microscope. As previously 
indicated, the crystals of calcium hydroxide are probably dimorphous—rhombic and 
trigonal. According to G* Rose, the latter are possibly isomorpbous with brucite, 
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Mg(OH) a . Tlio crystal forma of barium and strontium hydroxides have not been 
established. According to H, J, Brooke, the crystals of octohydrated strontium 
hydroxide belong to the tetragonal system with the axial ratio a : c—1:0 6407, 
and this is in agreement with the observations of A. Epplcr, and of G* B* von Foullon, 
The latter also found the crystals of octohydrated barium hydroxide to be mono- 
clinic prisms, with axial ratios a : b : c—0-9990 :1 :12779, and £=98° 5G\ These 
crystals have pseudo-tetragonal symmetry, and were once thought to be iso-* 
morphous with the corresponding strontium compound, 0. Bauer found the needle- 
like crystals of trihydrated barium hydroxide are six-sided prisms belonging to 
the rhombic system, with axial ratios a : b : c—1) 58905 :1 : 0 78038. 

A. Lamy 10 found that the specific gravity of crystals of calcium hydroxide 
was 2'239, and when prepared at 60°, 2'236; E. Filhol found 2 078 for calcium 
hydroxide, 3 625 for strontium hydroxide, and 4'495 for barium hydroxide. Titt¬ 
up, gr, of octohydrated strontium hydroxide was also found by E. Filhol to be 
1911 at 16°; and of the corresponding barium compound, 2 188 at 16 fl ; while 
A Eppler gave 1'885 for the former, and 2 "080 for the latter. According to 
*T, A. Wanklyn, the sp, gr. of a soln, of 1344 grms. of calcium oxide in a litre 
of water is 1002 at 13°, so that the resulting contraction is eq. to three times 
the volume of the solute. The sp. gr, of milk of lime has been determined by 
K r Mategcck, and G. Lunge, and the following is a selection of the results for 15 & : 

Grins. CaO per him . 11-7 62 s 126 U J90 0 256-0 3210 

sp. gr. ♦ . .101 J -on i -am J j 5 i so fc-aa 

F. Kohlrau&oh found the sp. gr. of an aq. so In. containing 2’3 grrns, of 
Ba{0H)j,.8H a O in 100 grins, of so In. at 18°, to be 1 0120 ; and with 4'60 grms. per 
litre, 10252. M. M. Half has measured the sp. gr. of soln. of barium hydroxide 
at 8°. C, L. Parsons and H. P. Cordon found 11)512 for the sp. gr. of a sat. aq. 
soln, with 429 grins, of barium hydroxide per 100 grms, of water at 23°, and they 
measured the sp. gr. of soln. with varying proportions of barium hydroxide and 
nitrate ; and 0. L. Parsons and C, L. Perkins measured the sp. gr. of soln. of strontium 
hydroxide and nitrate. (LA, Carse’s data are given in Table 1. H. F. Sill found 
the change in the sp r vol. during the soln, of octohydrated barium hydroxide is 
11)508 c.c, per gram. G, A. Car&e measured the contraction on solution, that is, 
the difference in the vol. of soln. of barium and strontium hydroxides, and of the 
water used in its preparation ; and also the thermal expansion of the soln. The 
results are indicated in Table I. The vol., v, of a gram of &oln. at 8° is indicated 
and the difference between t) and the volume f/ of the water in a gram of soln. at 8° f 
namely, v- is indicated in the last column of the Table, 


Tablk L^Thuiimal, Expansion of Aqueous Solutions anu tun Co attraction on 
Solution of Pahtum - anti Hthontivm Hyuroxiues. 


Strontium hydroxide. 


Cone. 


Kp.gr, 

a 

r— 

0-32744 

16 

1U0363 

0 99630 

- OOO J 20 

M 

20 

100203 

0 99733 

—0 001 JO 


29 

1-00114 

0-00836 

“0-00106 


30 

■0-09996 

1 00004 

“0-00101 

0 12102 

16 

1-00072 

0-99923 

-000042 

pj 

20 

099971 

1-00020 

-000026 


! 26 

0 09831 

1-00169 

-0-00028 

+ h 

30 

01)9703 

1-00293 

-01)0020 

1) 023 54 

16 

0 99940 

i 00064 

-01)0009 

ft 

20 

0*99849 

100161 

—0-00003 

M 

29 

0-99700 

1-00306 

-f 0 00010 

ft 

30 

0 99600 

1 00432 

-P 0 00021 


lJiulnm bydroxUU'. 


Cone. 

01 

Sli. gr. 

U. 

v—v\ 

0 80337 

15 

101079 

0-98933 

-0 00209 

1 

IP I 

20 

100998 

0 09010 

-0 00271 

] 

26 

1 00347 

0 09160 

- 0 00263 

ip | 

30 

1D0721 

0 99280 

- OD0252 

0-08212 

J5 

1D000O 

1 00000 

0-00005 

ti 

20 

000013 

1 00087 

-0 00008 


26 

090766 

! J D0234 

-0-00004 


30 

0-99666 

1 00340 

“0 00007 

01)4303 ; 

15 

0-99967 1 

100043 

-oooooi 

„ 1 

20 

0-99870! 

100130 

-0 00004 

rr j 

26 

. 0-99723, 

100273 

-0 00003 

,, 

30 

lomu 1 

1*00390 

-0-00002 
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The cone, of the sob. are expressed as grama of hydroxide per 100 grins, 
of soln. The »p. vol. o of the soln. at 0°, is represented by the formula 
ti=fy{l+ffl(0--ir))-|-&(0^15) 2 H-G(0—1G) 3 }, where denotes the sp, vol at l& fl . 
The a, h, and c for the two hydroxides are: 




SdOU), 



D+OBJ, 


Cone. . 

. 03274 

0 b i2ie 

00235 

0 8039 . 

“wSl 

04*430 

a X10* , 

„ -f ISO 

+220 

+ 1IJ5 

+ 97 

+ 130 

+ 143 

6 x 10’ , 

. +340 

+410 

+000 

+1200 

+ 980 

+630 

cxio* , 

. +50 

+380 

—12 

— ISO 

“210 

-28 


The coeff. of thermal expansion, a, can be readily calculated for 15°, 2Q a , 26°, and 
30 c , since a=(dt/d$)/v. &, F, Glinka found the hardness of crystals of calcium 

hydroxide to he between 2 and 3, 0. Bauer gives 2*G for the hardness of the 
crystals of trihydrated strontium hydroxide. 

H, Rose found that when calcium hydroxide is heated, no water is lost at 100°) 
but at 400°, about 30 per cent, of the combined water is given off. All the water 
can be expelled without the hydroxide melting. H. le Chatelier found the vapour 
pressure of calcium hydroxide at 300° to be 100 mm., and at 450°, 760 mm. Both 
ft F. Buchhoh and D. Smith observed that strontium hydroxide loses its combined 
water and passes into strontia when it is heated. A. Herafeld and C. Stiepel found 
that strontium hydroxide dried in vacuo at 110°, loses 3 per cent, of water after 
one hour's heating at G90 D ; 14 per cent, at 650° ; and all the combined water is 
lost at T10*. E. Filhol observed that barium hydroxide melts to an oily-liquid 
when heated, and C. F. Bucholz and A. F. Cehlcn found that if no carbon dioxide 
be present, barium hydroxide loses no water when calcined to a high temp., but 
H. Abich found that water could be expelled by heat. W, Dittmar, indeed, observed 
that in a stream of air, at a bright red-hcat, all the water is expelled, and barium 
monoxide or dioxide is formed. H. Lescoeur found the vap. press, of the hydroxide 
in vacuo at 100° to be extremely small, fn further illustration of the increasing 
affinity of the hydroxide for water with increasing mol. wt., octohydrated strontium 
hydroxide forms the monohydrate with a slight elevation of temp,, octohydrated 
barium hydroxide forms the trihydrate at 109°, and this in dry air forms the mono- 
hydrate. Monohydra ted barium hydroxide forms the hydroxide at a dull red heat, 
while the conversion with monohydrated strontium hydroxide occurs at 1Q0 D . 
.1. Johnston found the dissociation press, of the three hydroxides to be : 


Dirts), press. ♦ 

0 0220 

0*0724 

0-190 

0-407 

1-00 atm. 


CflfOttj, 

389 s 

423 s 

403 s 

507° 

547 s 

Tomp. 

Sr[OH) B 

488" 

501 s 

634 s 

700 s 

778 s 


HafOH). 

&70' 

749 s 

829 s 

910' 

998 s 


The free energy F of the reactions when F is defined by F=—ty-\-E pn where 
W stands for the maximum work produced by the change, and E pvt for the change 
in the sum of the pv terms for each part of the system, then for the reaction involving 
Ca(0H) t ->CaO, F ia 16,430 cals,; for Sr{OHJ 2 ->SrO, 19,700 cals.; and for 
Ba(OH) a ->BaO, 23,360 cals. For the vap. press, of the transition 0-lH a G* with 
calcium oxide, H. W. Foote and 3. 11 Scholcs gave 0 B mm. 

According to C. L. Bloxam, C. Heyer, R. Finkener, and W. Muller-Erzbaoh, 
the crystals of octohydrated strontium hydroxide lose seven-eighths of their water 
of crystallization in vacuo, or in dry air, and form the monohydrated hydroxide; 
and octohydrated barium hydroxide under similar conditions also‘furnishes the 
monohydrate. R. de Fore rand found that a week's exposure of octohydrated 
strontium hydroxide in vacuo furnishes the monohydrate, while a month's exposure 
furnishes Sr(0H) 2 ; while ten days’ exposure of octohydrated barium hydroxide 
under similar conditions produces the monohydrate, and no more change occurs 
during many weeks’ exposure. 0, F, Buchholz found that the crystals of octohydrated 
strontium hydroxide lose all their water of crystallization when heated, without 
their molting; D, Smith found the water of crystallization can be expelled at 
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100°. According to 0, Bauer, when oetohydrated strontium hydroxide is wanned 
slightly, it passes without fusion into the mono hydrate, and the latter passes into 
the anhydrous hydroxide l>elow 100°. W, MMer-Erzbach found the vap. press. 
Sr{GH) 2 ,Sr(OH) 2 .2H^O to he 9A min.; Sr(0H) 2 .2H 2 0-^Sr(0H) a -H a 0 to 
be 3 2 mm,; and Sr(0H) 2 .H 2 0->-Sr(0H)2 to be 0 mm. He concluded that 
hydrates with ft, 7,2, and 1H 2 0 are formed—hut there is no evidence of the existence 
of the di- or hepta-hydnatud hydroxide. H. Lesc^ur found the vap, press, of the 
octohydrate to be 5'fi min* at 20°, 

Octobydrated barium hydroxide was found by D. Smith to melt in its water 
of crystallisation at 100 & , but this temp, is too high, A, Rosenstiehl gave 78'5° for 
the melting point ; 0, Bauer, 78° ; V, H. Vehsy, 83° to 85° ; and T, W. Richards 
and J, B. Churchill, 79’9°“W\ D, Smith and C, L, Bloxara found seven mob of 
water are lost at the m.p. ? but E. Beckmann found that all is expelled at this temp, 
W. Muller-Erabach found the vapour pressure of Ba(OH).8H 2 G to be H’4 mm.; 
Ba(OH) 2 .3 to 7H 2 0* 2'4G mm.; Ba(OH) 2 .2H a O, i + 3 mm.; and Ba{OH) 2 .H^O,0 mm* 
—all at 15 L1 . He therefore inferred the formation of hydrates with 1, 2, 7, and 
8H £ 0, The existence of the di- and hepta-hydrates has not been confirmed, 
although O* Bauer isolated the tri-hydrate. According to 0, Bauer, the octohydrate 
furnishes crystals of the trihydrate when heated to and slowly cooled ; thu 

trihydrate posses into the mouohydrate at about 100° ; and at about 660°, the 
anhydrous hydroxide is formed. On comparing these results with the behaviour 
of hydrated strontium hydroxide, and remembering that calcium hydroxide does 
not form a well-defined stable hydrate, it follows that with increasing at. wt,, the 
three metals of the alkaline earths show an increasing tendency to form hydrated 
hydroxides, H. Leecccur found the vap, press, of the octo- and mono-hydrates of 
barium hydroxide, at different temp.* to be : 

m* 30* zs* 74-;» n 100“ 

, 4-fi 55 30T> 84 124 21ft 530 mm. 

Bft(OHj a .H a O .<11 J 1 1 14 15 mm* 


He also found at lflO* the results indicated in Fig. 10* The molecular beat wag 
found by W, Nernst and F. Schwers to be 5 09 at —187^ and (V493 at —251'6°. 
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calcium hydroxide to oxide at 25* is 1(5 43 Oak; for strontium hydroxide, 19*7 
Cak; and for barium hydroxide, 23*36 Cals,; J, Thomsen, (CaO, H 3 0), 15'54 Cals.; 
(CaO, aq.), 1&'33 Cals; for (SrO, aq,), 29‘34 Gala. R. do Forcrand found for the 
heat of soln, of 3r(0H) 2 ,8H E Q, —14*27 Cals,; for Sr(OH) 2 .H 2 0, 5'2fl Cak ; for 
8rfOH) 2 , 10'33 Cals.; for 9rQ,0 14H 2 0, 26TO Cals,; and for SrO, 29 76 Cals. 
J. Thomsen gave for (BaO, aq.), 34T>2 Cals. R. de Forerand found for the heat of 
soln. of Ba(OH) 3 .8HgO, —14'5 Cak ; for BafOH^.I^O, 7 06 Cak ; for Ba{OH) a , 
U'40 Cals.; and for BaO, ,33 64 Cals, J, Thomsen suggested M, BertheloFs oxide 
still retained some carbon dioxide ; and he gave for the heat of solution of calcium 
hydroxides, (Ca(OH) 2 , aq.), 2*79 Cak M. Berthclot gave 3 0 Cals, at 15°, J, Thomsen 
gave (Sr(GH) a , aq.) 5 1H Cak; (Ba(OH) 2 , aq.), 18*33 Cals.; (SrfOHJ^H^), 
26 28 Cak ; (St(0H) e 8H 2 O, aq.), 14 64 Cals.; and (Ba(0H) 2 .SH 2 0), 27'47 Cak 
For the heat of soln. of the octohydrate J. Thomsen gave (Ba(0H) 2 8H E O, aq.), 
—15 21 Cals,, or 460cak per gram of solute; and R. de Forcrand, —14 5 Cals., or 
48 2 cals, per gram of solute. II, F. Sill found 51 2 cals, for the heat of soln, of octo- 
hydrated barium hydroxide at the saturation point. 

According to W. Crookes, 12 while barium oxide give# scarcely any phosphor¬ 
escence in the cathode rays, barium hydroxide phosphoresces with a bright orange- 
yellow glow. The bright glow of lime when heated in the blowpipe flame was 
mentioned by D, Brewster— vide incandescent mantle, Voh 5, T r Drummond 
noted that when lime, jiirconia, and magnesia cylinders are heated in the oxy- 
hydrogen blowpipes, the relative intensities were 37, 31. and 16 times the intensity 
of the light from an argand burner. The index of refraction of crystallized calcium 
oxide is 18. E. Duter found that during the electrolysis of baryta water less 
oxygen is given off than corresponds with the hydrogen—this is attributed to 
the formation of barium or hydrogen dioxide. 

The electrical conductivities of aq. soln. of calcium, strontium, and barium 
hydroxides have been measured by S. Arrhenius, F. Koblrausch, etc. For a soln. 
containing a mol of hydroxide in litres of water, W. Oswald's values for the mob 
conductivity, p, at 35 & , aTe : 


V , 

8 16 32 


m 

2i>(j 

512 

J024 

«‘CWOH) a 


4W5 

420 

447 

4 55 


ii-Sr(OtE) 3 

jU-Ba{Qf[) s . 

4U5 

+i y 

432 

446 

451 

452 

:m :m 4io 

m 

4-18 

46 L 

4(56 

469 


These hydroxides are therefore strongly ionized in diJ. soln., and this corresponds 
with their strong basic characteristic#. A, A. Noyes has measured the eq, con¬ 
ductivities of soln. of different cone, at different temp. Data for the transport 
numbers of solm of calcium hydroxide were given by W. Rein, and for strontium 
and barium hydroxides, by -I* F, Danioll, 

S. Marsh has studied the electrolysis of soln. of barium hydroxide with an 
alternating current of varying frequency by means of electrodes of gold* platinum, 
and nickel. The vol. of gas evolved is greater than in soln, of sulphuric acid. 
The rate of evolution of gas increases with time, and increasing frequency. With 
gold and platinum electrodes, the rate of evolution of gas falls off rapidly with 
time, but for frequencies less than 48, gas is still given off ; with nickel electrodes 
very small quantities of hydrogen are given off with 60 cycles, and with 40 cycles 
the vol. of gas given off is too small to measure. It is assumed that the electrode 
is oxidized and subsequently reduced by the hydrogen of the nexff half-period; 
and that hydrogen is absorbed and adsorbed by the electrode and oxidised by the 
oxygen of the next half-period, F. Tiemann argued that because the electrolysis 
of soln. * of barium hydroxide gives no hydrogen dioxide, and because of the 
formation of the calcium Bacchantes, it is likely that the hydroxides of the alkaline 
earths are better formulated RO.H a O, than R(OH)^, P. Pascal found the moh 
coefficient of magnetization of Ba(OH) a .8H s O to be —1569 xiO - * units. 

The hydroxides of the alkaline earths react with acids like strong bases* forming 
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characteristic salts, When calcium hydroxide is exposed to JUT, it abeorbs carbon 
dioxide, and the crystals of the former compound become opaque. According 
to V. H. Veley, 13 J. Kolb, and H. Debray, Carbon dioxide is not absorbed to any 
appreciable extent at ordinary temp, by calcium, strontium, or barium hydroxide 
if moisture be rigorously excluded. J. C. Whetzcl studied the effect of exj>osure 
to air on hydrated and quicklime ; in both cases a thin layer of protective carbonate 
is formed* According to N. Tarugi, when a mixture of calcium oxide and water 
(3:1 by weight) is allowed to stand cxijoscd to the air, some calcium peroxide is 
formed* The action of carbon dioxide has been previously discussed ; the action 
of carbon dioxide on soln* of the hydroxides of the alkaline earths is discussed in 
connection with that gas. Baryta water is a very sensitive reagent for carbon 
dioxide, since the resulting barium carbonate has a very low solubility. E. Beckmann 
found that carbon dioxide does not react with barium oxide below 120°, but near 
E00 Q the reaction is quantitative. J. J. Berzelius said that when barium hydroxide 
is heated on charcoal, it fuses with violent effervescence, sinks into the charcoal, 
and forms a hard mass, D. Walker found that when carbon disulphide is agitated 
with milk of lime, orange crystals of Cat.'S£,2Ca(OH) 2r 6H^O are formed j while 
Q. Chancel and F. Farmentier found baryta water at 100° reacts ; CSu+SBatOH^ 
—]iaC(^+Ba(SH) 2 H- CO a , C, Bunge studied the action of barium hydroxide on 
glass, and found that glass made from sulphates furnished an insoluble crust con¬ 
taining barium sulphate. By heating calcium hydroxide with Carbon (anthracite 
coal dust), II. Vogel obtained results pointing to a reaction : 2LV(OH) 2 +C—UtlaO 
J F. Stolba also found hydrogen is evolved when calcium hydroxide 
is heated with iron filings, and if the hydroxide is mixed with carbonate, carbon 
monoxide, as well as hydrogen, is given off According to M. Midler, lead tubes arc 
attacked by soln. of calcium hydroxide only in the presence of oxygen; carbon 
dioxide played no part in the reaction. J. K. Wcisberg found dry barium hydroxide 
does not absorb chlorine, but in contact with water it takes up a quantity of chlorine, 
increasing with the proportion of water, until a mol of barium hydroxide has taken 
up a mol of chlorine. Very little hypochlorite is formed, nearly all the chlorine 
being in the form of chloride or chlorate : 6BaO-|-f)Cl s —bBaCla-fBatOlO^);;. The 
action of chlorine on strontium hydroxide is similar—tti'de bleaching powder 
[3, 19, 4). For the action of sulphur, see the corresponding sulphides. A. Gouther 
found that at ordinary tamp, barium hydroxide is partially decomposed by phQS- 
phoryl chloride, and when huut is applied, hydrogen chloride is ovolved. The 
reaction is not. completed by a prolonged heatmg on a water-bath. Borne barium 
phosphate is formed. Calcium hydroxide was found by A. Terreil Uj attack 
antimony trisulphide in the wet way, while barium and strontium hydroxides 
have Jio action—mde jmpra fot the oxide ft. 

The sdu-euiJrd soda-lime iti a mixture of i-alcmm and sodium hydroxides made by 
etirring Line mto the molten caustic alkali; and breaking up the cold cake. it is used 
as an absorbent for moisture, carbon dioxide, utc. It was also employed m admixture 
with sodium permanganate, and in conjunction with charcoal, in gnu inoeka to absorb the 
poison gases introduced by the Germane in the Great War. The composition and pro- 

I jortiea of auda-lime were investigated by A. 11. Lamb, K. E. Wilwon, and N. K, Chaney. 11 
''or general toxic gas absorption, 6 per cent* of alkali and lb-13 per cent, of water arc 
recommended ; for carbon dioxide absurptiun, 4-5 per cent, ef alkali and 16—10 per cent, 
of water is beat; and for chlorine absorption, 8-0 per cent, alkali is recommended- A 
mixture of 4 per cent, sodium hydroxide, 4 j>er cent, kiesclguhr, and the remainder lime, 
with a final w|tter content of J2 per cent., m recommended as an all-round absorbent for 
industrial gaeee. 


Refehewokbl 

* B* Pelletier, Arm. tfAim, Phyt,, (2), S3. 217, 1623 ; V, A. JacqueJaic, (3), 32* 204,1651 ; 
J* L, Gay Luuac, t&*, (2), AS, 220, 1930 j W. Lana, Zeit, ojftJttl. CAent*, X 82, 1607 ; K, Kortum, 
Voi[0f> Neiiw Mag. t 2. 00, 1612; P* GobebtfcAiofitfl^rWoitm., 58.468, 1830 i J, W. Dobereiner, 
fft. r A. 387, 1912; P, Heinrich, Die Phorpho/retCtn i dn 1 JCdrper, Numb erg, 573, 1811 j Jorum* 
Phj/t, , 71. 307, 1610; C. J. D. von Grotthua, J ouffl. Phyt. , 46* 308, 1704; A. Pleiechl, Zeit 



«8# • INORGANIC AND THEORETICAL CHEMISTRY 

Phys. Math.) B. 316. 1827 ; R Wagner, Q ten. C entri., 230,1871; L> Reutor, PAanw, 21 
126, 1906 ; J* Dalton, A New 3ystm of Chemical PMfotophy, Manchester, 1 331, 1810 ; 
Jp J* Bending j&ocfciobn AJtad. Bandl,, 9$, 1842 ; A, L. Lavoisier, Opuscules physiques et chi- 
mmtt. Pari®* 1774; A. fferzfdd, Eeit, Per* R&bamckmnd, 820,1897; Tonind, Ztg., 22. 374, 
1898? H-Ro^Ft^. Ami., 80.2,80,1852; H. Mdrnan, Coropt JfenL,m334,1899; KLebeau, 
it., 188. 1460, 1904; T, J. Ptfmizc, ib., 8& 63, 1861; E. tending Bull. See. d , Enc. t (4), 5. 685, 
1800; P* Robland, Ztit. anorg. CW, 21- 28, 1800; for., 33. 2831, 1900; G, Oddo, AM Aexad. 
Lincft, (5), I. 361, 1890? E. d<s M. Campbell, Joum. huL £ny. Chem., 1, G95, 1903; S. T. Brig- 
matt, Eng. News, 50. 177, 1903; 5L 543, 1004; G Warner, ib., 60- 320, 544, 1903 ; 5Z 220, 
1904 ? 8. V. ftfpel, iJocir Frodwtt. 2 1, 17,1903 ; F. Mohr, Arch Pimm.. (2), 88. 38, 18M; 
R Heinz, Chcm. Zi g., 26. 199, 1601; D. Smith, Phil. May., (3), 9. 87, 1836; G F. Bud volt, 
Qchkn'e Journ., 4. 128,1807; A* L. Day, E, S, Shepherd, and F. E. Wright, Aner. Jottrn, foi.* 
(4J, 22. 205, 1908; M. H. van La&r, Rec. Chim. Tmv. Pays-Ba*, 29. 301, im 

3 A. Lwny, Ahh, Chim. Phys., (5), 14. US, 1878; J. L. Gay Lnssao, ib., (2), 1. 334, 1810, 
H. Lesc*ur, ib. t (6), 19. 05, 1800; R Phillips, ik, [2 ), 17. 213, 1821; Ann. Phil,, (2), 1. 107, 
1821; Jaunt. Pham. Chm,(2),2t. 160, 1836; E. Filhal, ib., (3). 7, 271, 1646; Jtmm pmkL 
(7W, (1), 36. 37, 1846; Ann. Chim. Phys., (3), 21. 155, 1847 ; 0. Luodreke, Zeit Gts. Nat. 
HtsUt, GB. 282/1885; Zed. Eryst., 11. 255, 1880; E. Woinschcnk, Ctnir. Mitt., 587, 1605; 

S. Glinka, Joum. Ku*s. Pkyt. Chem. Stx,, 17. 541, 1885; Bull See, Min., 10. 03,1H87 ; G. Rose, 

i Sibber, Afcfld, Berlin, 582, I860; H. Rose, Pogy. Ann., 86 283, 1852; G L Blnirmn, J&ttm, 
Chem.3oc, t 13. 48, 1869; D. Smith, Phil. May., (3), 9. 87, 183G; H. M. JJnad, ib., (3), 11. 301, 
1837; (3),12. 52, 1838; F. Guthrie, ib. r (5), S. 35, 105, 1679; ST. Anfiye and J. R J. d’Aroet, 
fftAfai’s Jo hm., 3. 325, 1804; J4. Kirchhnff. rt, p 4. 058, 1804; G. Pegging BruymUUi's Avn., 17. 
205, 1798; A. Rogcnstiehl, Bull. Sot. 40. 152, 1870; F. Mohr, Arch. Phan a., (2), 

88. 38, I860; Liebig's Ann., 100. 204, 1850; A. gnnebay and E. Lenssen, ib., 99. 45, I860; 
0. Bauer, Eeii. a ngew. CAem., 10. 341, 1003; Ztii. nvorg. Vhfm., 47. 401, 1905 ; G Neuberg and 
E. Neimann, Biochtm. ZeiL, 1. 10G, 1600; A. Hcrzfcld, ZeiL ter. RrtkfttstffimNrL, 817, 1897; 
JL Karcs, Ohm. Zty., 22. 38, 1868; E. Beckmann, Untcrsi^chungen fiber die AUviinak urtd 
basiichen Haldtdsahs des Bariums, sowis Botizm flApr Barythydrat vnd iJalwltehe dee Banttme, 
Leipzig, 1882; Joum. prakl Chcm., (2J, 27. 138, 1383; W. Artus, ih., (]}, 8. 172, 1835; 
G F. Bucholz, Qtides s Jour «., 4. 128, 1807; A. Riffatdt and ST. M. Chutnpre, (JUbpti'* Ann., 
2a 117,1808; W, Xtuulijig, Zed. anai Chan,* 5. 72. 1BW; J. G Jl. Ildyer, Rrr. t 19. 2084, 1880; 
R. Finkener, ii., 19.2958,1880; W. Miiller-Erzbach, ib., 20-1026,1837; ZE. 3180,18B9; RdaFnr^ 
erand, Cotnpl Read., 103.59,1888; 147.1851,1608; H. l^escmtir, i&., 90.1578, L883; M. Berthelot, 
ife.* 7ft 1109, 1873; E. J. Kaumon^, ib., 96 1730, 1883; H. J. Brooke, Ann, Phil, 2a 287 
1824; G. B. vun Foullon, Johrb. gad. feicheanst, Wien, 36. 727, 1885; A. JCpplw, Ztit. Xrysh, 
30.127, 1899; F. F. Selivauoff, Jonrn. Russ. Phys. Chem. $oc» 44.1707, 1912; 45.252, 257, 
1913. 

■ M. Fettcnkoler, Liebig's Abh. Sup-pl., 2. 28, 1803; A. Vogel, Jonrn. prnkl Chm.j (1), 26. 
230, 1842; F. KnhLmami, Lube's Ann* t 38. 4^ 1841. 

* V. Kohlgchutter tmd G. Walthor, Ztit. Elektroehem., 26. 159, J9I9; 28. 181, 1920; 
B. Koamann, ib. t 26. 173, 1020; P. P. von Weimarn, Ztdt. KoU., A 282, 1908; L. Kiepnbcucr, 
Hoik wtd Mfrid, Kolo, 1907. 

1 J, Dalton, A New System of Chmieal Philosophy, Manchester, 2, 331, 1810; R. Phillips, 
PAt7. f (2), 17- 107, 1821; L. Wittgtein, Beperl Pham., 1. 182, 1NJ5; A. Bineau, Ann. 

' Chim. phys., [3), 51. 200, 1857; A, Lamy, (5), 14 145, 1878; Conti*. Jtrttd., 86. 3;^, 1878; 
A Paveai and R Kuhmdi, B?r, 7 7. 817 T 1874; It. C. Tichbome, Bull. Sot-. Chttn., (2). 17. 24, 
1871; A. d’Ansclme, (3), 29. 63IU0O4; F. F. Sclivanofi, t6., (3J. 28. 824, 1602 ; Joum. Buss. 
Phyt, Chm. Hoc., 34. 14, 1602; I. Heroid, Ztit. Ehktrochm., 11. 417, 1905; A llcrzfeld, Znt. 
Ver. Rtibenivvkmnd., 818, 1897; T, IWaben, Pharm. Joum,, (3), 14 500, 1883; B. Zahiraky, 
Ztit. anorg, Chesn, t a 41, 1093 ; W. A. Slienutnno and J. T. Cundall, Jmrn. Cherny. Soe. t 53- 544, 
1888; T. Graham, Phil. May., (2), 2 20, 1827; F. de la Croix, Arch. Pham. t [3), 14. 145, 1870; 
A Geldammrr, Pham. Centth., 26. 442, 455, JGSG, 

1 A. Bioeau, Gemjd. Jlend., 41. 509, 1865; W. A. Tilden, Proc. Boy. Soc., 3a 4l)i, 1880; 
G F, Bucholz, Gehletds Jqwtu, 4. 128, 1807; G Scheihlcr and D. Sidemky, Zetl Ver . Jiitbtn- 
mtk&ind., 7.257, 1882; 11. Davy, Phil. 7'rong„ 9a 1, 333, 1808; R. Ogavn. Kw>lner$ Archie., 
a 3G0, 1824; 4. 347, 1825; 8, 88, 1325; A. Rosenstiehl, BuU. Sac. Mttlhaitse, 40. 153, 1870; 
H. F. Sill, Jowm. Amer. Chan. 3<k. t 36. 2032, 1910; i>. Bauer, Zeil angtw. Cbm, 10. 341, 
1903 ; Zvil anory. CAim, 47.401, 1005. 

T A. A Nuyee and K 3. Chapin, Zed. phys* Chm., £8. 518, i860; M. Berthelot, Ball. JSoc* 
CW, (2), 24. 102, 1875; K ilaigret, t&., (3), 33. 031, 1905; A d'Aneelme, ih , (3), 2& 938, 
1903; T. J. Pelouze, Ctmpt. BtrnL, 33- 63, 1651; L. Wittstein, BaperU Pham, 1. 182, 1816; 
G, Bodlinder, Zeit, angew. Chcm., 18. 1J38, 1906; G J. B, Raraten, Philosophic def Chemie t 
Berlin, 176, 1843; G. L. Cabot, Joum. Boc. Ohm. M. r 10.417, 1867; G. Kemot, R d’Agoetinfl, 
and 6L Pellegrino, Buzz* Chittt. ltd., 88. 532, 1908; I. Henold, Ueber die Kanatihkation des 
■ Halle a. 3., 1905; B. Zahomky, Zeit. anarg. Chm. f a 40, 1B93; W, Hera, ib,, 07* 

306, 1910; G. Lunge, Joum. Bex. Chen. lnd. t 11. 832, 1802; F. A H. Schndnemakerfe and 

T. Kgee, Chem. W&J&, a 583, 1911; F. A. H. Schroineotakerg and J. Milikan, Pm. Acad. 
Amettrdam, 15. 52, 1912; J. Miljlwi, Ztit, p%. Chen., 92. 59, 496, 1917; F* A H. Sohnine- 
makers, &, 08, 33, 1909; H. Baggett and H. B. Taylor, Joum, Chan. Soc 109. 1928, 1914; 



THE ALKALINE EABTHS 


687 


K+ K, Cameron and W* 0+ Rohinaoa, Jowm. Pkys. Chern, 11, 273, 1007 ; F, K. Cameron and 
J. M- Bell, Jowm. Amir. Uhmk Soc., 38. 1330, 1906; CL L+ Parsons and CL L. Perkily it., 33. 
13*7, 1910 ; O, L> P*reoos and H+ P. Corson* i&., 38. 1393, 1910, 

* W, Eidmaun, Eirt Btitfag z«r £rfeenntn» du FerAaUenf chemiecher Vtrbindwngen in muftis* 
vMusefigen Ldevngen, Giessen, 1890 ; P, Carlos, Arch. PAorm., (3), i. 558, 1874; M. Berthclot, 
Ann, Chm. Phy*., (3), 46. 173, 1866; E. M. Ffcligot, fl., (3). 54. 3B3, 1858; T. J* Pelonie, i&., 
(4), 6. 303, 1865; E+ Boivin and D. Loiseau, ib., (4), 6. 210,1805; W. Hens and M. Knock, ZeiL 
anory, CAtm, 41, 331, 1904 ; 46, 193, 1905; F. K, Cameron andH. EL Patton, Jttum. Phye. 
Chan., 16, 67, 1911; J. Weisberg, Ball. Soc. Chim, (3), 21, 775, 1899; (3), 23, 740, 1900; 
P, H. D4on T tf+* (3), 17, 155, 1872; G+ J, van Meurs, ZeiL phys* Chen., 91. 313, 1910; 
W- Rothmund, ik* 69- 523, 1909; H. Clnasen* Zdl. Ver. Zuckarind, 489, 1911; P. J. H. van 
Ghineken, Pros. Acad, Amsterdam, 14, 442, 1911; Zdt, Vcr. Zuckerind, 1393, 1912; 
J, Weisberg, ib., 808, 1912; C. Scheibler, Zeit. Ver. Rtibenzuckerind, 8. 19,1582; EL Beckmann, 
CtrferaticAu?ujfln tibvr die Aluminate nnd tajjidoAen IlalotdsaUe dot Bariums towic Notion liber 
Bnrythydrat und die Haloids&ilc dee Bariums, Leipzig, 1852. 

t O, Baner, Z&iL nugeu\ Chan., IB. 341, 1903; Zeit. ntiurg. Chem, 47- 401, 1905; 

G. B, T'on Foullon, Jahrb. geol. Reichsanst* 35, 727, 1885; A. EppLor, Zeit, Kryst,, 30* 
127,1899; S, F. Glinka, ib., 40. 303, 1909; H. J. Brooke, Ann. Phil,, 23* 287, 1824 ; 0+ Rose, 
Sitsber. Akad . Btrlm, 582, 1880; E+ Filhul, Ann, Ohm. Rhys,, (3), 7, 271, 1845; A. Lamy, 
ib*, (5], 14+ 145, 1878; H. lo Chatelier, jfacAereAu expirmenlalej sur la constitution dee mortUrtt 
hydrattliques, Paris, 1857. 

» A, Lamy, Ann, CUm. Phye„ (5),14. 145,1878; E. Filhoi, ib. t (3), 7. 271, IK45; A. Epplcr, 
Zeit. Kryst., 30. 127, 1809; & F. Glinka, it., 46- 303, 1909; E. Mategcek. DinghFs Jorum,, 
215. 12,1875; G. Lunge, ib., 350.404,1883; F, Eohlrauseh, Wirt, Ann., 6, l, 1870; M+ M. Haff, 
Chm* News, 80. 283, 1902; J. A. Wanklyn, ib., 55, 217, 1887 ; H. F+ Bill, Joum. Amct. Chan. 
$oc„ 33- 2832, 19 L0; H+ Hnae, Fogg, An it*, 56. 10*1, 1852; H. Abich, t*„ 23* 315, 183 i ; 

H, lo ChatcUcr, Compt. Rend., 102, 1243,1880; R. do F'orcrand, i147- 165,1908; H + Loscceur, 
ib., 90. 1578, 1883; 103. 1200, 188ti ; J. B. J. 1>. BtnjsHingault, Ann. ChitA. Phys., [3), 35. 5, 
1851; A. HonsJeldandC. StiopeL, ZriL Vet. RtibctizueltfiTind., 833+ 1898 ; CL F- Buchholi, Qehkn > » 
Jottm., 4- 128j 1807; A, F, Gehlen and C, F. Buclihob, %b, t 4+ 258, 1807 ; D, Smith, PAtf. Mag., 

9+ 87, 1830; F. Guthrie+ ib, r (o), 0, 35, 1878; G. A, (torso, Proc. Roy. +9«, Kdin., 26. 281, 
1004; C+ Heyor, Btr„ 19. 2684, 1880 ; R, Fuikcrar, ib., 19- 2958, 1880 ; W. MiillBr-Enbach, 
ib., 19, 2876, 1880; 29. 1028, 1887; W. Dittmar, Jmrn. Roc. Chan. Ind„ 7, 730, 1888; 
CL L. Bluiam, Joum. Chan. Roc., 13. 48, 1859; V. H. Veley, ib., 49. 371,1880; T. W. Richards 
and J, B+ ChurohiB, ZeiU phys. Chem., 2&+ 313* 1899; U* Bauer, ZcU. antirg. Chan., 47- 4U1, 
1905; Zeiti awjew* Chan., IB. 345, 1903; A. RoncnaLiehl, Ball. Soc. MulhotiAc, 40- 152, 1870; 
R Beckmann, Jourw. prakt. Ukem., (2), 27. 138, 1883; W* Ncrnat and F. Schwers, Sittber. Akad* 
Berlin, 355, 1914; C. L. Parauhs and H. P. Corson, Jaam. Amer. Chan* 32, 1+182, 1910; 
C. L. Paraona and C+ L, Perkine, ib., 32. 1337, 1010; J, Johnaton, ii&,, 30, 1357, L908; Znt, fhyt. 
Chtm., 62. 310, 1908; E. Filhoi, Ann. Chim, Phys, t (3), 21, 155, 1847; doum. PAwm. 6 1 A*'m+, 
(1J.7+ 271, 1845; H. W+ Foote and B+ R+ Scholcs, Joum. Amer. Chan. S«., 33. 1JMKI, UHL 
” A* Gnnta, Compt. RauL, 186. 1071, 1903; R. do Forcrand, ib., 146+ 217, 1908; 147. 16“>, 
19U8 ; H. Moiasan, ib., 128- 384, 1899 ; Bull. Roc. Chim., (3), 2|, 928, 1899 ; Ann. Chim Pftff*., 
[7), 18. 316, 1899 ; M. Borthclot, ib, t (5), 0+ 43, 1870; Ann. Bar. Lungiludcn, 395, 1877 ; T, Tin mi¬ 
en, Joun. prakt. Chem, (2), 16. 97, 1877; Bcr. t 16. 2013, 1883; H, F. Sill, Joarn. Amcr. Chan. 
Soc., 38+ 2032, 1916; J. Johnston, ib., 30. 1157, 1908; I). Tonimasi, CompL Rend., 9B+ 812, 1884+ 
la J. F. DanieJl, Phil. Trane., 130, 209, 1840; W. Be in, Zeit. phys. Chem., 27, 1, (898; 
W. Crookes, Ptac. Roy. Roc., 32. 206, 1881 ; S+ Arrhenius, Itccherches wr la conduttibdiligakmnique 
des Ikdrolytes, Stockholm, 1883 ; B, A. ifej?., 157, 1880 ; W. Ostwedd, Jourre. prakt. Chem, (2), 
S3. 352, 1880; F+ Knhlrausch, IVtaJ. Ann., 6. 1, 1879; A. A. Noyes, Journ* Chim Phys., 5. 
506, 1908; E. Outer, Compt. JTendL, 104. 354, 1887; S. Marsh, Pn*+Rotf* Sot, 97., A* 134, 1920; 
T+ Ifrummond, Edin. Jowm. Science, £. 319, 1826; D. Bremtter, ii., 3- 341, 1820; F liemanD, 
Che m. Ztg„ 46. 1126, 1021; P+ Paacai, Compt. Raid., 173. 144,1921+ 

» V. H+ Veley, Jottm, Chm* Roc., 63. 821, 1891; H. Vogel, Ber, 3. 004, 1870; F. Stetha, 
Listy'e Chemikt, 12. 204, 1883; N, Tarugi, Gazz. Chim. ItaL , 34. ii, 254, 1904; J. C. Whetzel, 
Jorum, Ind. Eny* Chan., 9. 287, 1917; A. Tcrteil, Cornet, Rtnd,, 77+ 1500, 1893 ; C. Bunge, 
Zeit anal Chan,, 52. 15, 1913; M. Muller, Journ, prakt. Chan., (2), 30. 317, 1&H7 ; IL Debray, 
ib., 102+ 56* 1807; E. Beckmann, ib., 12), 27+ 138, 1BS3; J. K. Weinberg, Ber„ 12. 340, All, 
1879; A. Geuther, lubig'e Ann., 123. 119, 1802; D. Walker, CW Newt, 30. 28, 1874; 
Gv Chanoel and F. Farmentier, Comj*. Rend,, 99. 892, 1884; J. Kolb, ib., 64. 801, 1867; 
J, J, Berzelius, LeArftutA der CAemtc* Dresden, 4. 243, J84I+ 

14 A* B+ Lamb, (1, E+ Wileon, end If* K. Chaney, Joam. Ittd. Eng* Chetn., 11. 420, 1919; 
R. K Wilson* ib., 12. 1000* 1920; U,R. Pat, No, 133624, 1920. 



INORGANIC AND THEORETICAL CHEMISTRY 


$ 1L Calcium, Strontium, and Barium fluorides 

Calcium fluoride, CaF a , is the source of most of the fluorine compounds; it 
occurs 1 in nature as the mineral finor^r or fluorite in cubic crystals either 
colourless or exhibiting a wonderful range of colours—red, yellow, green, blue, 
purple, or violet,—ride history of fluorine. B. Blount and J, H. Sequence analyses 
of a sample of blue jolin and of the white portions of the same sample, obtained 
direct from the mine, are very little different, 

Oftf, Af,U a + Jfe,^ Mho s p 

Blue . * . 09-G9 904S OtfOG tr O'OO 

White . . . 99'71 092G 91M)5 tr 

No manganese, chlorine, or sulphates were present. They also found 0 04G per 
cent, of carbon, and 017 per cent, of hydrogen in blue john. Part of the hydrogen 
may have been due to occluded water. The blue john prepared as ornaments is 
often “ filled " with resinous matter. The organic matter occurring naturally in 
fluorspar is not afleoted at 150°, but it disappears at 350*. FJ norite is most abundant 
in mineral veins or cavities, and it often accomjjanics quartz, heavy spar, galena, zinc 
blende, etc. It is disseminated as a minor constituent in various igneous rocks 
and sedimentary formations— e.g. small amounts occur in granites, gneisses, syenites, 
crystalline schists, dolomites, and limestones. It is found in limestone geodes, 
where it appears to have been deposited from soln, The blue, purple, or violet 
fiuorsjwir of the caves of Castleton Valley {Derbyshire) is called blue john ; the green 
fluorspar— green john. Veins of blue john occur in many other places. Fluorspar 
is also found in volcanic lavas as a sublimation product, or as a result of the action 
of fluoriferous gases on other minerals. It is supposed to he formed as a secondary 
mineral by the decomposition of fluosilicates or of fluotitano- or fluozireono- 
silicatea. Calcium fluoride was found by J, J, Berzelius in bones and urine ; and 
E. Ere my in animal bones, the enamel of teeth, and in the corals and shells of sea 
organisms. It has also been reported by G> WiksoJi in certain mineral waters— e$. 
those of Carlsbad. 

The preparation of the alkaline earth fluorides. —According to li, St. 0. 

Deville and H, Caron, a the silica and phosphoric oxide, which contaminate colourless 
and transparent native fluorspar, can Ibu removed by treating the powder with cold 
cono. sulphuric acid for some days, and after washing out the acid, drying and 
calcining the mass, H. Moissan observed the formation of alkaline earth fluoride 
by the action of fluorine on the metal; und & Poulenc, by the action of gaseous 
hydrogen fluoride on the alkaline earth carbonate or chloride. When aq. soln. 
of the metal fluorides are treated with calcium salts, calcium fluoride is precipitated 
as an opalescent gelatinous mass which chokes the pores of the filter paper and 
cannot be washed in the ordinary manner. According to J. J. UmeiiuH, the 
gelatinous precipitation of calcium fluoride is more granular if the mother liquor 
be amtnoniacal, but, saysH, Rose, the calcium fluoride is slightly soluble in ammonium 
salts, J. L. Gay Luseac and L. J. Thenard made barium fluoride by adding hydro¬ 
fluoric acid to an aq. soln. of barium hydroxide, or of sodium fluoride to barium 
nitrate. E,Ftemy says that barium fluoride cannot be obtained by double decompo¬ 
sition, for, as H, W, Foote and G, A. Menge showed, by shaking barium fluoride in 
an aq, soin. of calcium chloride, calcium fluoride is almost quantitatively precipi¬ 
tated. E. Paterno and E, Mazzucchelli obtained it in colloidal soln. by treating 
very diL soln. of the alkali fluoride with the calculated quantity of calcium chloride 
or nitrate, and afterwards removing the alkali salt by dialysis. By evaporation 
in vacuo over sulphuric acid, a % per cent, soln. can be obtained. The dil. soln. 
can be kept for months, but the more cone, colloidal soln, deposit crystals. 

J, J. Berzelius obtained calcium, strontium, and barium fluoride as a granular 
powder by treating freshly precipitated alkaline earth carbonate with hydrofluoric 
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acid; and ns a flocculcnt mass by treating n cone, soln, of the; alkaline earth unit 
with hydrofluoric acid- A, G. Bccquerel separated soln, of calcium chloride and 
am mo niutn fluoride by a porous membrane, and found crystals of calcium fluoride 
grow on the calcium cldoride side of the membrane. IT. Mo wren obtained a crystal¬ 
line precipitate by adding a soln, of the alkaline earth chloride to a boding soln, of 
potassium fluoride, and boiling the mixture for half an hour. H, de S^narmont 
obtained crystalline calcipm fluoride by heating for 60 lira. under prows,, at 250°, the 
gelatinous precipitate with an aq t soln. of sodium bicarbonate almost neutralized 
with hydrochloric acid; T. Schecrer and E. Drechsel heated the gelatinous mass 
for 10 hrs, at 250° with hydrochloric acid; they also heated calcium fluosilicate for 
10 hrs, with an aq. soln. of calcium chloride: (kiSiF fi d-2CaCI 2 b2H 2 0=3CaF 2 
fl-S)0 2 -|-4HCl; ami also by melting non-crystalline calcium fluoride with sodium or 
potassium chloride, or a mixture of the two salts. F* Rddor obtained crystals by 
melting sodium fluoride with calcium or strontium and sodium chlorides ; A, EVld- 
mann melted barium or strontium chloride with calcium fluoride at a red heat: 
CaF a +BaCl.j-—CaCl 2 -[-BflF 2 and the fluoride oE barium or strontium remained when 
the cold mass was lixiviated with water. C. Poulenc fused calcium or strontium 
chloride with potassium hydro fluoride, and washed the soluble matters from the 
small cubic crystals of the fluoride of the alkaline earth; he obtained the calcium 
fluoride in octahedral crystals; but, by heating the amorphous fluoride with a 
mixture of potassium chloride and hydrofluorid<\ " beaulilul transparent regular 
octahedra” were obtained* E. Dcfacqz heated a mixture of manganese fluoride 
with an excess of alkaline earth halide to at least 8(10^ in a stream of carlnm 
dioxide ; the product was washed first with hot water and then with a 2-5 per 
cent* soln, of hydrochloric or acetic acid to remove soluble salts. If the temp, 
be below 1000° the crystals are octabedra ; if above cubes. Barium 

fluoride has not been obtained in well-defined crystals, but strontium fluoride 
furnishes octahedral crystals by fusing a mixture of manganese fluoride and 
strontium iodide, \V. Wetzel obtained nrfcahrdral crystals of lluoritc by allowing 
calcareous sandstone, or siliceous limestone, to stand for some days in 3 per cent, 
hydrofluoric acid contained in a vulcanite vessel. 

The properties of the alkaline earth fluorides* -These salts furnish crystals 
in ootahedra and cubes belonging to the cubic system. A, W, Hull,^ ami 
W. P. Davey found that the X-radiograniS of crystals of calcium, strontium, and 
barium fluoride belong to the face-centred cubic lattice, or the tetrahedral cubic 
lattice, and that the atoms are 2 per cent, closer than the atoms in the face-centred 
cubic lattice of the element calcium. W, L, ISragg gave 2 + 38 A. for the closest 
approach of the atoms in calcium fluoride; and W. V. Davoy, 2 W A., in strontium 
fluoride ; and 2 69 A. in barium fluoride, W. Gerluch studied the lattice constants 
of calcium fluoride. The electrostatic potential of the fluorite lattice was studied 
by A. Land6, and E. Bormann, A, Kenngott obtained 3 183 as a mean for the 
specific gravity of 60 sample* of fluorspar—the maximum and minimum values 
were 3T988 and 3T547 ; and, according to A. Brcithaupt, the maximum and 
minimum values for the ordinary mineral, more or less impure, are 3'fll-3’25, 
E. Madolung and R. Fuchs gave 3T8G8 (0°), For strontium fluoride, 

H, G. F, Schroder gave 4'22, whence W, Biltz gave 29'8 for the mol. vol JL Bauhans 
and V, Goldschmidt studied the corrosion figures, the so-called end-figure, and the 
velocity of dissolution of fluorite in nitric acid. 

H, JL Merwin obtained the value 3’ ISO at 20 c for a number of samples of colourless 
transparent fluorspar; H, G. F, Schroder, 3150 for the precipitated and calcined 
calcium fluoride, 4 l 20-4 24 for strontium fluoride, and 4 828 for barium fluoride ; 
and 0. Ruff and W, Plato, 316 (20 a ) for calcium fluoride. C, H, D. Bbdeker gives 
4 58 for the sp, gr. of barium fluoride. The hardness of calcium fluoride on Mohs' 
scale is 4, W. Voigt* gave for the coeff. of compressibility of calcium fluoride 
l + 93xlCr* per atm.; the modulus of extension or compression along the crystal 
axis when the distortion i* around the axis, is 1473 X10* gnus, per sq, cm.; the same 

vol, in, 2 Y 
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constants for directions equally inclined to this and normal to the third, and equally 
inclined to all three axes are 1008x10° and 910x10* respectively E + Madelung 
and R. Fuchs found lor the compressibility, l-22-T26xl0^ 6 megabars per sq, 
cm, P, Crude and W. Voigt gave 10,450 kgrm persq. mm, for the tihtttifi modulus ; 
0'221 for the clastic number—ratio of transverse contraction to longitudinal 
extension ; and the torsion modulus around the crystal axis is 345 x 10* grras, per 
sq. cm. A. Mallock made some measurements of the elastic constants of fluorspar. 
K. KfirsteHing studied the relation between the elastic constants and the sp. ht. 

The coeff. of thermal expansion, according to G, Weidemann, 6 is t) 00001934 at 
52°; and, according to F. Pfaff, 0 0000195. According to H, Fizean, at 40°, the 
coeff. of linear expansion, normal to the face of the octahedral cleavage of a crystal 
of fluorspar, is a=0 H OOOOl9lO; the same value was obtained for the face of the cube 
of another crystal; and a=0Q0G01915 for the face cut at an angle of 5* to a face of 
a cube of another crystal. According to H, Kopp, the coeff, of cubical expansion is 
0 000062, F t E. Neumann gives the specific heat as 0-2000-0-2084; H. V. Rcgnault, 
0-21493, and after calcination, 0 21686 ; H. Kopp, 0209; and J, Joly, 0 2U80 for 
green transparent cubic crystals, and 0 21264 for grey translucent crystalline mass. 

The melting point of fluorspar, 902°, according to H. Moisaan, is too low; 
O. Ruff and W. Plato give 1330*; and E, Beck, 1264°. O. Buff and W, Plato’s 
value for barium fluoride is 1280*. G, Magnus found there was no change in the 
ap. gr. of the crystalline mass after it has been melted in a porcelain oven. W. R. Mott 
gives 1400° for the boiling point of barium fluoride. The heat ot tormfttion, 
according to A, Guntz: C&+F 2 t= 108*5 Gals.; Sr so |u+F 2lIUH -^74'3 Oak ; and 
2226 Cals.; £CaO (1 cq. in 25 litres) IIF (cq. in 2 litres)~4CaF 2 
(solid at imii'6 Oak ; similarly, 17 9 Cals, for strontium fluoride; and 17‘40 
Cals, for barium fluoride. Again, .JCajOHJa fHFgM^iCaF^dta-HHsO^iM+^-S 
Cals.; similarly, 35’90 Cals, for the strontium salt; and 3b'70 Cals, for the barium 
salt. According to E + Petersen, (k(OH)^ ih +2FtFu,, -36'31 Cals,, 35 47 Cals, for 
the strontium salt, and 32'30 Cals, for the barium salt. 

The transparency of fluorite for the infra-red and ultra-violet rays, the low 
refractive power, and weak colour dispersion makes fluorite useful in correcting the 
chromatic and spherical aberration errors in lenses for microscopes, small telescopes, 
and the like. The fluorite for optical purposes should be as clear as gla^s, and free 
from cloudiness, inclusions, cleavage cracks, etc. On the other hand, II, Rubens and. 
B. W, Snow fl found the dispersion in the ultra-red to Ik; very great, so that fluorite 
lenses are advantageously used in the production of the spectra of the heat rays. 
H. E. Merwin recommended the refractive index of different specimens of the 
purer varieties of fluorspar as a standard for comparison ; for Na-light, p,—d'43385 
at 20* when quartz has ta— 1*54425. A great many determinations of the refractive 
indices of fluorite for T&ys of different wave-length have been made, F. Paachen 
obtained values for wave-lengths A from 0'48607ft to 9’4291/w. between 17* and 20°. 

A . 9420 1 70718 3830 0 2046 6 1020 0 4 86 07 

^ * 13J612 F30800 138721 F41122 141823 I42&92 143713 

V. Schumann calculated for rays 242'883p/t, 1*47067 ; for 18G/4fi, 15176; 160p/i, 
1*5529; 140^,1-6105; 120/^,17862; 115^*, l'S748; 65/^,08772. F. J.Micheli, 
J t Stefan, H, Fizeau, H. Dufet, J. 0. Reed, and C. Pullrich found that the effect of an 
increase of temp, loweia the value for, say, X=589*3(Na) by 0 00001215 per 1° at 
58'8* to 0 00001652 per 1° at 385*. The refractive index of differently coloured 
varieties of fluorspar has been determined by C* Hlawatsch, H + Dudenhau&en, and 
F. J, M* Wiilfing. H. Dudenhausen'a value for Na-light with water-clear fluorspar 
is 1*43380 ; rose-coloured, 143394; yellow, 143361; pale violet, 1*43367 ; green, 
1-43381; blue, V43361; greenish-violet, 1 43433; intense violet, 1*43389. The 
dispersion (^c—^fJ/^d^I) ie 0 0105, 

The so-called normal dispersion occurs when the refractive index increases as the 
wave-length decreases at a rate dependent on the nature of the substance; but 
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substances which exhibit selective absorption do not usually exhibit normal disper¬ 
sion because the refractive index on the blue side of the absorption band is generally 
less than the index for the red light on the opposite side of the absorption band. 
This phenomenon is termed 
anomalous diaversion, al¬ 
though normal dispersion can 
be regarded as a special case 
of anomalous dispersion. To 
evade the implication con¬ 
veyed by the terra ** anoma¬ 
lous,” A* Schuster proposed 
to substitute the term selec¬ 
tive disjtersion. In the case 
of fluorite, the dispersion 
curve in the visible spectrum 
is convex towards the wave¬ 
length axis, Fig. 11, and eventually becomes concave in the ultra-red region, 
indicating that an absorption band is being approached* U. Meyer found 
Verdet’s constant, o> r at 20°, for rays of wave-length, A, to be : 

Ah 0'2f534 tV43Gtf 04016 06708 04X) 300u 

^ , ■ 005989 0 01717 0 01321) 000072 0 00307 0-00030 

M. Me lion i 7 noted that fluorite is more transparent than glass for the infra¬ 
red heat rays, and advantage was taken of the fact by P. Detains. 0, Magnus 
showed that a plate 10 mm. thick transmitted 9'1 per cent of the heat rays with 
the plate at 150°, and 1ST per cent, were transmitted by a plate 38 mm. thick* 
Further, 

KCl CaF a ArCI ArCf 

TiHUsmiseion * .S3 54‘0 9 J J. 43 r 6 4«4) per cent. 

H* Rubens also found fluorite to be diatbemous for the red heat rays down to a 
wave-length of 33 jjl, and F. Paschen noticed that with a plate 4 mm. thick, absorp¬ 
tion begins at about 7 0/4, and with rays of wave-length frty the plate has a 9 percent* 
absorption, while with a plate 1 cm* thick, H* Rubens and A* Trowbridge obtained 
a 844 per cent* absorption for a wave-length of 8/x; 16 4 per cent* for 11^ ; and 
none with 12ju. Fluorite is transparent for the visible spectrum, and, according to 
W. A* Miller, and E* Mascart, it is also transparent for the ultra-violet. P. Ites & 
observed a maximum in the yellowish-red—about 0 600—in the visible part of the 
absorption spectrum of fluorite. For a 1487 mm. thick platu of green fluorite, for 
light of wave-length A, the transparency ratio, i.<i. the ratio of the intensities of the 
incident and transmitted light d, and the extinction coeff. a, 


u 

0 

U-tflSp 

D 

0 556* 

£ 

F 

1-4317 

l 4324 

1-4329 

1-4335 

P4344 

1-4355 

1-4374 

0-641 

0-592 

0'458 

0023 

0 623 

0(J30 

0-004 

0-0204 

0-0240 

04)384 

04)374 

0-0219 

04)212 

0 0235 


In 1677, J. 8. Elshaltz showed that fluorite luminesces when warmed; and 
G.W* von Leibniz accordingly n&inedthe imnerdiAmjwp/tospAorus—wdethe sulphides 
of the alkaline earths* The violet light emitted during the thermo-luminescence of 
fluorspar is sometimes sufficiently intense to enable print, at a distance of six 
inches, to be read. Some colourless specimens exhibit no thermo-luminescence. 
Most samples decrepitate when heated—the yellow and dark violet varieties usually 
decrepitate most, and some colourless ones do not decrepitate at all. E. Newbeiy 
and H. Lupton found all varieties lose their colour when heated, but the green 
odour is most difficult to discharge, and those colours induced by exposure to 
radium ore easiest discharged. The cdoured varieties of fluorspar, when strongly 
heated, lose their power of emitting light, but this power is restored after exposure 
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to raditua emanation, and a new capacity of eiwittin^ a bright green thermo* 
luminescence at a low temp. is acquired. In 1820, D. Ere water showed that 
native fluorite phosphoresces when it haa been exposed to light; but after it has 
been heated above 300°, it loses its power of phosphorescing by insolation; and 
A. E. Bccquercl showed this power is restored by exposure to cathode or to 
Bontgen rays. 

According to P. Bary, fluorite phosphoresces when exposed to X-raya and to 
Becaueret rays ; and, according bo A, Wiedemann and Gt. C. Schmidt, the violet 
luminescence in cathode rays is largely due to the contained manganese. The 
green glow obtained by exposure to radium rays persists for a short time after 
removing the exciting source. The colour changes produced by radium on colour¬ 
less fluorspars, or fluorspars which have been decolorized by heat, are very varied. 
They have been studied by E. Newbery and II. Lupton ■ different colours may 
be produced by the a-, J9-, and y-radiations. All fluorspars give a green glow by 
exposure to the rays from radium; and a violet glow in the cathode rays. The glow 
continues in each case after the removal of the exciting source. The colour changes 
are striking— e.g. colourless crystals of a fluorspar from Matlock become deep blue 
after exposure to radium; green crystals deepen in tone; and yellow crystals 
become blue or purple. They suggest that the colours and thermo-luminesccnt pro¬ 
perties of many minerals have been determined by the presence of radioactive matter 
either in the water from which they have been deposited, or by radioactive minerals 
in their immediate neighbourhood. T. J t Pearsall gave a long list of the various 
colours emitted by different fluorspars at various temp, and times of heating. When 
the store ” of light is exhausted, he found that the luminescence is restored under 
the excitation of the electric spark, although the light emitted is never the same 
as that produced during the first heating. G. C, Kindt noted the broad bands In the 
spectrum of the therj no-luminescence, and E, Hagen bach, and G. D. Livid ng made 
approximate measurements of the wave-lengths. H. W. Morse photographed the 
spectra of the thermo-luminescence. P. Schuhkneeht found that the fluorescent 
spectrum with Rontgen or cathode rays extends further into the ultra-violet than 
that of any other substance. 0. Doelter found that colourless fluorspar became 
rose colour in ultra-violet light. 

The theories which have been made an to the cause of the coloration of natural crystals 
of rock salt apply wvttriu mutandis to fluorspar. The coloured varieties aro decolorized 
at 3flO e . Certain fluorites, e.g, the stinking Jhivriir. from Wolsendorf, emit an aLfiuccouti 
odour when powdered ; the effluvium huts oxidizing properties, for, if the pulverization la 
conducted under water, the liquid blues starch and (utai^iiiim iodide. C. F. Sellia.rhii.utl 0 
attributed the coloration of fluorspar to the presence of hypochlormig acid ; 0 + F, Schonbein, 
and A. Schrtttter, to ozone ; 0. Low, to a perfluoride ; G. WyroubofT, to two hydrocarbons— 
one producing a red and the other a blue colour ; H. W, Morse, organic matter i and 
H. Moissan and A. H. Recquerol, to free fluorine. Many of ihcue assumptions are untenable 
in the light of JrL Borthelot’s and A. Dobieme^s observations that decolorized fluorspars 
had their original colour restored by exposure to radium radiations, B. Blount ami 
J\ H, Sequeira do not favour the assumption that the colour is an effect of radioactivity, 
but believe that the colour is due to organic matter which they extracted in part by chloro* 
form, toluene, or aniline; and determined by combustion analysis. C, £. Garnett found the 
odour of blue john is due to films of organic matter lying parallel to and in the plane of the 
faces of the otherwise colourless crystal, aud also at the crystal junctions ; it was probably 
deposited on the surfaces of the crystals at intervals during their growth. A very intensely 
coloured specimen contained 0'27 per cent, of carbon, on distillation gave off inflammable 
vapours, and a yellowish oil collected in the condenser. The residual fluorite was colourless. 
The colour of red fluorite is not destroyed by heat, but is readily extracted from the powdered 
mineral by boiling hydrochloric or nitric acid. The aoJm contains rare'earths and insig¬ 
nificant quantities of other element*. J. Barnes and W. F. Holroyd claim to have synthe¬ 
sized crystals of fluorspar exhibiting all natural colours ; and they conclude that the colour 
is an optical phenomenon dependent cm the crystallization and physical state of the substance. 
C. DoeLter a&ramed that the colour is due to the prcsonco of colloidal metals or other aub- 
■taneefl, and that the metals oxidize when heated, A. Bobicme found that some dork violet 
varieties of fluorspar email of ozone when heated, and also yield a little helium. B. Blount 
and J + H. Sequeiia found argon but no helium in blue john. J. Jakob considered the colour 
of some minerals is due to the presence of chroraogrrw or groups of colouring atoms; and that 
Of others, by the presence of a finely divided foreign substance. 
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F, Mohs 13 (1824), F. vonKobell (1830), and D. Brewster (1833) drew attention to 
the foot that some fluorspars show different colours in transmitted and in reflected light 
- -hjj. green is transmitted, and different tints of blue by reflected light, JX W, Hcr- 
sckel named the phenomenon cpipolar dispersion* The subject was studied by 
U. G. Stakes, and he recommended the phenomenon be called fluorescence after 
fluorspar in the same way that opalescence is called after opal. The phosphorescence 
of fluorspar when heated'- thermo-lumincscence—-has been known for a long time. 
It was mentioned by J. G, Wallerius 11 in 1747 ; by M. Sago in 1777 ; by J, B. L. Kom4 
d'lsle in 1783 ; and certain varieties were called chhrQ'phavie by T. von Grotthus in 
1794, and pyrosHuttftfd by 7, F. L, liana maim in allusion to this phenomenon. 
A sample of fluorite from Dorgali (Sardinia) was found by E. Clm-iei to exhibit 
thermo-luminescence even under carbon tetrachloride or acetone ■ it emitted radia¬ 
tions capable of influencing a photographic plate, and of penetrating glass, mica, 
or gelatine, but not aluminium or black paper. It contained traces of rare earth 
impurities, J r R. Formhals attributed the thermo-phosphorescence of fluorspar to 
the oxidation of finely divided arsenic sulphide present in traces in these varieties 
of fluorspar. A speed men of felspar, which showed no sign of phosphorescence 
when ignited, exhibited the phenomenon after the addition of a trace of arsenic 
sulphide. A. Mitscheriich, 12 G Fabry, A Roach, R Leopold, H. George, 
C. M. Olmsted, and 3. Datt.u studied the relations between the band spectra of the 
fluorides of tlic idkaline earths ; and JL Pascal, the X-ray spectrum. 

According to W. HunkcM :| the crystals arc electrified by changes of temp., or by 
exposure to light.. The middle ef the faces of the cube are negatively and near the 
edges, more particularly near the isomers, are positively electrified. The longer 
ami the more intense the illumination the stronger the effect. The are light is 
stronger than sunlight, and the latter is stronger than diffuse daylight. The din- 
charged sparks from two Leyden jars produce the effect, while the light from a 
vacuum tube is not suflu icnlly intense to produce the effect. G, (X Schmidt used the 
Jim [dig hi h»r his e xp tir i n iej its i n this sub j cot. E. Meyer noted the phofcoelectri o effe ct 
of different samples of fluorspar. According to J. Curie, the electrical conductivity 
of fluoritci is very small, being less than 0 0001 at 20 6 . J, Curie also found the 
dielectric constant to be (PftO ill agreement with the measurements of M. Ro midland 
d. Nowak, who found fl’70; H. Starke found 6'92 J , M. von Pirani, 7'3G; and 
IV', Schmidt, 6 "70. F. Paw hen calculated for A= oo, 6 L 00. W, Voigt and S. Kino- 
whita found the diamagnetism to be -fl 27xlO' 7 mass units and — 20'OxlO -7 
volume units. J. Kdnigsberger gives — 1130x10"*® for the magnetization constant, 
1\ Pascal gave for the mol. coeff. of magneti nation of calc in in fluoride —281 
X 10' 7 ; strontium fluoride, —272 X l^" 7 ; and for barium fluoride, 511 xlU’ 7 . 

Calcium fluoride is but very spar]Jigly soluble in water. According to G, Wilson, 14 
at 15 lfHJO parts of water dissolve 0'37 part of fluorite, but even this number 
jh probably too great, because F. Kuhlrausch calculated from the electrical conduc¬ 
tivity that at l£f a litre of water dissolves only U 016 gnu, of calcium fluoride. 
F. Kohlrauaeh also found the solubility of strontium fluoride to be rather greater, 
1)117 grm. at I8 a , and of barium fluoride, greater still, 1 G30 gnus. The eq. conduc¬ 
tivity of a e,e. cube of calcium fluoride is A=U "000037 reciprocal ohms; strontium 
fluoride, A ^0 000172, and barium fluoride, A=4)001530 reciprocal ohms. The 
low solubility of calcium fluoride ia utilized in the gravimetric determination of 
fI uorides and fluorine. J. Nicklfes found that the solubility of fluorite in water is greate r 
when carbon dioxide is present; H. Rose also showed that the presence of ammo¬ 
nium salts augments the solubility of calcium fluoride \ and H. Reinsch states that 
aq* a mm onium carbonate decomposes calcium fluoride a little, and that the 
etching of the glass-containing vessel is due to the formation of ammonium fluoride, 
J, J. Berzelius stated that boiling solo, of potassium or sodium hydroxide are 
without action on calcium fluoride; and that calcium fluoride is easily decomposed 
by the vapour of sulphuric acid, but not by that of sulphur triozido* Cold cone, 
sulphuric acid with silica-free fluorite, continued J. J* Berzelius, forms a transparent 
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viscid liquid which deposits calcium fluoride when diluted with water j this liquid 
begins to decompose at 40*: CaF 3 +H s S 04 =CESG 4 + 2 HF, F. Roder said that 
artificial crystals of fluorite arc decomposed by sulphuric acid with difficulty. 
According to J. iT. Berzelius, cone, hydrochloric and nitric adds behave like 
sulphuric acids* but the resultiug soln, are less viscid; boiling nitric acid partially 
decomposes fluorite ; boiling hydrochloric acid dissolves it a little, hut a precipitate 
is formed when the acid is neutralized with alkali, or a ^residue remains when the 
soln, is evaporated—if the fluorspar contains silica, hydrofluosilicic acid is formed, 
Aq, hydrofluoric Odd dissolves a little silica-free fluorite. It is probable that 
calcium fluoride forms a complex with hydrofluoric acid, because E, Ftemy evaporated 
at a low temp, a soln, of calcium hydroxide in a great excess of hydrofluoric acid, 
and obtained small crystals of hexahydrated calcium hydrofluoride, CaF £ .2HF. 
6H 2 0, which are decomposed by boiling water into calcium and hydrogen fluorides. 
C, Poulenc found that strontium fluoride is completely decomposed by boiling 
hydrochloric or sulphuric- add, and partially decomposed by nitric acid. Accord¬ 
ing to J. L. Gay Lnssuc and L. J, Thenard, barium fluoride Is readily soluble in hydro¬ 
chloric, nitric, and hydrofluoric acids. T. Schecrer and E, Drech&el say that if 
barium fluoride is heated under press, with a few drops of hydrochloric acid to 
230*, small crystals of barium fluorochlorido* BaCIF; and it nitric acid be used, 
hexagonal crystals of a double, compound/ barium fluorouitrate, are formed, 
T, Scheerer and E. Druchsul found that if gypsum remains for a week under water 
in contact with barium fluoride, crystals of barium sulphate and of calcium fluoride 
are formed. According to E, Pater 11 b and U. Aivisi, a cone, soln. of oxalic add in 
contact with finely jwwdered fluorite converts the latter into calcium oxalate ; 
an analogous reaction, but feebler, occurs if tartaric add be employed. Accord¬ 
ing to H. C, Sorby, a soln, of sodium carbonate between 100^ and 150* transforms 
fluorite into culcite and sodium fluoride. A, Guntz and H, Basset observed no 
signs of the formation of calcium subfluoride when calcium fluoride is heated with 
calcium. 

Fluorspar melta when heated before the blowpipe, and. according to J, Smithson, 
with further heating it develops hydrogen fluoride and calcium oxide ; E. Friuny 
found that at a red heat, water vapour acts in a similar manner. 0. Poulenc found 
strontium fluoride to be stable when heated in air to 1000°, but above that temp, it 
is decomposed into utrontia and hydrogen fluoride ; at a red heat strontium fluoride 
is not decomposed by water vapour or hydrogen sulphide ; but it js decomposed 
by hydrogen chloride : SHCl-f SrF 2 - 0rCl £ -j-2llF, E, Fremy states that hydrogen 
has no action on red-hot fluorspar. II. Schulze states that oxygon does not attack 
fluorspar at a red heat, but E, Fremy observed that glass is rtehod by the jasumg 
gas, and he assumed that an oxyfluoride is formed. H. Schulze allowed that in 
E* Fremy’s experiment the fluorspar was heated in a platinum and that 

combustible gases which attack the fluoride diffuse tlirough the walls of the vessel. 
When heated with carbon disulphide it forms calcium sulphide and probably 
carbon tetrafluoride. Dry chlorine at a red heat forms calcium fluochloride. 
E. Defacqz states that when fluorite is fused, with calcium chloride, bromide, 
Of iodide, double compounds are formed. J. J. Berzelius says that fluospar is not 
decomposed when fused with alkali hydroxides or carbonates, but F. Berthier 
showed that this is wrong, fluorspar is decomposed when melted with these agents. 
H, Rose found fluorspar to be completely decomposed when fused with a mixture of 
silica and sodium carbonate. P* Berthier also examined qualitatively the result 
of fusing fluorspar with calcium sulphate, calcium sulphide, strontium sulphate, 
barium chloride, sodium sulphate, sodium chloride, and borax. C. Frieds! 
found fluorspar is rapidly decomposed when fused with aluminium sulphate, 
forming calcium sulphate and aluminium fluoride; and W, Briegleb noticed that 
small crystals of apatite are formed when fluorspar is fused with sodium phosphate 
at a red heat, A. Cuntz obtained what he regarded as sodium barium diflttoridd, 
NaF.BaF, by the electrolysis of a molten mixture of sodium and barium fluorides. 
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E, P&ternd, A. Mazzucchelli, and D. Vita have studied the formation of mixed 
colloids of calcium fluorides with calcium phosphate \ silver chloride, bromide, iodide, 
phosphate, or sulphide; cupric sulphide; ferric hydroxide; or silicic acid, and 
found that these mixtures are stable ; on the otlier hand, mixtures with calcium 
carbonate or oxalate ; silver thiocyanate, chromate, or manganate ; zinc, cadmium, 
or manganese sulphide ; lead chromate or sulphate ; or barium sulphate form hiwj 
stable colloids ; and calcium fluoride precipitates at once in the presence of arsenious 
sulphide. 
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S 12. Calcium* Strontium, and Barium Chlorides 

The Dutch akihimiiats— Isaac of Holland and cither his brother or his son- 
arc supposed to have lived in the fifteenth century, 1 because in their writings they 
cite a number of authorities prior to that period, but none more recent. They 
Ljuote Arnold of Villanova with reverence, but they do not mention Paracelsus. 
Isaac of Holland said that he obtained a salt which he called sal ammoniacum Jmim 
by heating together sal ammoniac and lime ; this salt could have been no other 
than calcium chloride. W. Homberg, in his Observations sur un nouveau pJwttpkorc 
(l(ift3), noticed by chance that the salt prepared by calcining a mixture of sal 
ammoniac with twice its weight of lime is phosphorescent when fused, and hence, 
for a time, calcium chloride was known as phosphor?, d<: ffomherg t or Homberg’a 
phosphorus. Strontium chloride was first described by A. Crawford - in 17EKJ; 
and barium chloride by t). W. Scheele, in his memoir Xte mwjnem f in 1774. 

Calcium chloride is found in soln, in siui-water, and in many mineral springs, 

J. F. L Hausmann a found calcium chloride crystals in the anhydrite of Luncburg, 
and called it hydrophflite —f58wp, water; $i\nsj lover—in reference to its bygro- 
scopicity ; A. Scaechi also found it mixed with potassium, sodium, and manganese 
chlorides among the products of the Vesuvian eruption of 1872, and named it 
chhwmhite. F. Zambonini regarded chlorocalcite an a compound, KOl.CuClg, 
but there is no evidence of the homogeneity of the product hi; analyzed, Ual< iuin 
(■ bloridc also occurs as a co i istit u e nt of soi ue i ni neruls s,g, toe&h yd rife, 
li Mg Cl a ,Gu( !l a . 12 H^O ; ajialite, ilCu^PO* j^,C'a(Cl 3 , F £ ) , 

Calcium chloride is used as a substitute for salt brine in refrigerating and 
ice-mu king plants; in the absorption of moisture from air in cold storage rooms; 
in the drying of gases in the manufacture of liquid carbon dioxide, ammonia, etc.; 
for drying air in compressed air |>owcr plants; in the manufacture of dry colours 
or lakes; in tin 1 composition of siring for cotton mill use ; as a hot bath in the 
preparation of canned vegetables and food stuffs; as a liquid in traps for plumbing 
systems ; in the laying of dust in streets ; in the seasoning of Portland cement; 
in the preparation of wall plaster; etc. 

The preparation of chlorides of the alkaline earths.—The chlorides of the 
alkaline eaifbs arc formed by the action of chlorine on the metal. According to 
H. Moissan, in the reaction with calcium the mass becomes incandescent. 

J. L. Gay Lussae and L. J. Thenord 4 pi^iared calcium chloride by the action of 9 
chlorine on quicklime, which becomes incandescent during the reaction, and oxygen 
is given off. H. Davy found that oxygen eq. to the chlorine was evolved when 
the latter gas reacts with barium oxide; and R, Weber, with strontium oxide, 
ML E. Chovreuil found that calcium oxide also vigorously absorbs gaseous hydrogen 
chloride, forming calcium chloride and water, without becoming incandescent. 
With barium an(l strontium oxides M< K Fhcvreuil found the analogous reaction 
occurs with incandescence. The reaction between hydrogen chloride and calcium 
oxide is completed at a high temp, W. Heap and E, Ncwbery passed carbonyl 
chloride, or a mixture of carbon monoxide and chlorine over a catalyst like animal 
charcoal, and then over the oxide or salt of a weak acid—carbonate or oxalate— 
at a suitable temp, 

J. B. J. D. Bousuingault, and 0. Hcnsgen found that the sulphates of the alkaline 
earths are ’Ary gradually converted into chlorides when heated in a stream of 
hydrogen chloride, C. Matignon and F, Bourion found barium sulphate or carbonate 
is converted into chloride when heated in a stream of sulphur chloride vapour, 
& a Cl 2 , mixed with an excess of chlorine. According to G, P. A, Petzholdt, a mixture 
of hydrogen chloride and carbon dioxide gives a mixture of calcium chloride and 
carbonate. Neither calcium oxide nor carbonate, according to G. Gore, is attacked 
by liquid hydrogen chloride, but precipitated barium or strontium carbonate is 
converted into the chloride without the evolution of any gas. P< Heinrich found. 
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that when hydrochloric acid is dropped on quicklime in the dork, a luminescence 
appears. Calcium chloride is usually obtained by dissolving calcium carbonate 
in hydrochloric acid, and evaporating the soln. to crystallization. Crystals of 
the hexahydrated salt, CaCI^GHaO, are formed. 

Iceland spar or marble in dissolved in hydrochloric acid, chlorine water is added to 
oxidize iron and mangonpfto compounds which are then precipitated along with silicic acid 
by the addition of milk of lime. The filtered soln, is acidified tilth hydrochloric acid, eud 
evaporated to crystallization. The marble may also bo dissolved in nitrio acid and heated 
with on excess of lime. The filtered soln. is acidified and evaporated to crystallisation, 
and reoryatallized, Ammonium carbonate is then udded to the soln., and the precipitated 
carbonate washed by decantation, and then dissolved in purified hydrochloric! acid. This 
sola, is evaporated to crystallization, 

G. Kirchhoff and R. Bunsen dissolved marble iu hydrochloric acid, and pre¬ 
cipitated about half the lime with ammonium carbonate, and from the mother # 
liquid the rest of the lime was precipitated by more ammonium carbonate. The 
first -precipitate included most of the impurities in the marble as well os calcium 
carbonate; the second precipitate was dissolved in nitric acid and evaporated 
for calcium nitrate, which was dissolved in alcohol The alcoholic soln, was 
evaporated, dissolved in water, and treated with ammonium carbonate. The 
precipitated calcium carbonate was washed and dissolved iu hydrochloric acid for 
calcium chloride. The same process was used for strontium and barium chlorides. 

J. C. G. de Marignac, and J, E, A. Dumas purified strontium ohlorido by boiling a 
cone, soln, of commercial strontium chloride with a little sulphuric acid, unci aftet- 
wards precipitated tho chloride by a stream of hydrogen chloride. L. Barthe 
and E. Falihrea, and T. W. Richards and V. Yngve purified strontium chloride; 
and T. W. Richards, barium chloride by repeated precipitation by udding alcohol 
to the aq. soln. T, W. Richards purified barium chloride by the following method : 

An aq. soln, of the commercial gait was evaporated to dryness with an excess of purified 
hydrochloric acid m as to decompose tho thiosulphates. Tho hut dil. soln. was treated 
with an exoeae of hydrogen sulphide and allowed to stand in a tightly corked stout flask 
for game time in darkness. The clear liquid was mady alkaline with purified barium 
hydroxide, and after standing somo time decanted from tho inwlublo sulphides; tho 
sulphur was expelled from tho filtrate by boiling with hydrochloric acid. The soln. con¬ 
tained traces of calcium, strontium, potassium, sodium, and possibly magnesium. After 
two ciyst&UjzatioDS from water, followed by two precipitations from alcohol, the Hpectrotoope 
showed no impurity other than a trace of “tho ever present sodium.” This salt was 
ignited in a platinum dish at a dull red heat; tho aq. soln. in water was acidified with 
hydrochloric acid and evaporated to crystallisation. 

If the water be expelled from tho crystalline salt by heating the crystals above 
200°, a white porous hygroscopic anhydrous mass is obtained. Tho fused product 
solidifies to a crystalline mass on cooling. F. P. Duunington and F. W. Smither 
obtained CaCl^.HjO after heating the hexahydrated salt 12 days at 97*-98 Q . 

E. Mitscherlieh supposed the dihydrated salt remains when the hexahydrated salt 
is* dehydrated at 200°; but J. Legrand showed that even the ground salt in a 
boiling eat, soln, has less than H a 0: CaCl a =2:1, A. Weber says the salt dehydrated 
at 200° is anhydrous, although R. Bunsen showed that even after the salt has been 
melted at a white heat, it retains enough water to develop hydrogen when melted 
with iron, 1 The anhydrous salt so prepared contains oxide or an oxychloride. 
According to H. 0. Dibbite, if calcium hexahydrated chloride bo dehydrated below 
130°, no trace of hydrogen chloride is evolved, but at a higher temp, eoufe oxychloride 
is formed. H. Rose showed that if the chloride be heated with ammonium chloride, 
the partial decomposition is hindered. In order to obtain the anhydrous salt free 
from oxygeib T. W, Richards found it necessary to expel the water by heating the 
hydrated salt in a stream of hydrogen chloride, aud during cooling to replace 
gradually the hydrogen chloride by nitrogen. Similar re marks apply to the pre¬ 
paration of the anhydrous chlorides of barium and strontium. 

Barium chloride ia made by dissolving witherite, native barium carbonate. 
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in hydrochloric acid. Powdered barium sulphate is converted into carbonate by 
heating it under press, with a sola, of potassium carbonate: K 3 CGk-j-BaSG 4 =BaC0 3 
-t-KgSO*- An early process was to heat a mixture of barium sulphate and calcium 
chloride: BaSC^-f-CaCla—BaCl £ -fCaS0 4 , but the reaction is incomplete and the 
process wasteful. In 18G8, F, Kuhlmann proposed to heat a mixture of barytes 
with carbon, and manganese chloride, obtained a# a by-product in the manufacture 
of chlorine; hut the proem was not satisfactory, since the manganese sulphide 
readily oxidizes reforming barium sulphate. In 1869, J. Kolb modified a process 
recommended by A. Duflos in 1831, and this process is utilized in the manufacture 
of barium chloride at the present day. A mixture of barytes, BaS0 4 , and powdered 
coke is heated to 100QM1GG 0 when the barium sulphate is reduced to soluble 
sulphide: BaS0 4 -|-4O=4C0-|-BaS. The soluble barium sulphide is extracted 
with water, and calcium chloride added : BaS-j-CaCJg—CaS+BaClg. The decanted 
soln. is evaporated for barium chloride. The two reactions can be effected in uric 
operation by heating the barytes with the coke and calcium chloride: BaS0 4 
+CaCl 2 -r4C=BaGl a -[-CaS-l-4C0. Here the barium sulphate is reduced to the 
sulphide, BaS, which then reacts with the calcium chloride, forming calcium sulphide 
and barium chloride. The mass is lixiviated with water; the calcium sulphide 
remains behind, and barium chloride passes into soln. According to L, Godin, 
lime precipitates any calcium sulphide from the soln/ as calcium oxysulphide. 
When the soln. is cone, and cooled, barium chloride, BaC^.Uli^O, separates in# 
colourless rhombic plates. 

The barium, sulphide can be converted into chloride by treatment with hydro¬ 
chloric acid: BaS-fSHCl—H^S+BaClg. The Consortium fur elektrochemische 
Industrie used chlorine for the conversion; R. Heinz used magnesium chloride ; 
and J. Waldenberg used ferric chloride. A, Duflos and A. d^Heureuwe calcined a 
mixture of barium sulphate with calcium chloride and charcoal; E. Assolm used 
iron in place of charcoal and heated the mixture until the flame of carbon monoxide 
no longer appeared. The mixture was extracted with water, as before, 
J. B. Trommsdorff used a similar process. The production of sulphides is 
avoided in B, Lach's process, where hydrogen chloride in passed over a calcined 
mixture of barytes and carbon: Ba80 4 H-4C 1-2HC1—BaGl^-MCO-p H a S. H. Kun- 
helm decomposed barium carbonate with ammonium chloride; L, Godin used 
calcium chloride. F. Muck found that if a soli,, of alkaline earth chlorides 
be mixed with sodium chloride, barium and strontium chlorides crystallize out 
first. C, S. Bradley and C. B. Jacobs heated the barytes in an electric furnace 
with insufficient carbon for the reduction ; the unconverted sulphate reacts with 
the sulphide: BaS+3BaS0 4 —4SO 2 +4Ba0. In'practice about 40 per cent, 
of the product remains ats sulphide, and about one per cent, as unconverted 
sulphate. The product can be converted to chloride with hydrochloric acid. 

Much of what has been said about barium chloride applies mututix mutandis 
to the strontium salt. H. W, F. Wackenroder obtained strontium chloride by 
heating the carbonate with magnesium or calcium chloride, and lixiviating the mass ; 
and aUo by the action of calcium chloride on strontium sulphide in an atm. of 
carbon dioxide--strontium chloride, calcium carbonate, and sulphide are formed. 

J, Mactear made strontium chloride by reducing eelestine with carbon in the 
presence of calcium chloride. 

Calcium chloride is a by-product in several manufacturing processes—the 
preparation *of ammonia or ammonium carbonate; the production of carbon 
dioxide from rrlarble; the preparation of potassium chlorate ; the preparation of 
sodium carbonate by the Solway process; the preparation of chlorine by Weldon’s f 
process; etc. Technically, calcium chloride is made from the residue left after 
the preparation of ammonia—a mixture of calcium chloride and hydrexide—which 
is treated with hydrochloric acid and evapotated. M. M. T. K, Kaisha made 
anhydrous alkaline earth chlorides suitable for electrolysis by adding ammonium 
chloride and the oxide, hydroxide, carbonate or oxychloride of the alkaline earth 
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to ahalide salt of a mono electropositive metal. I. Naniari and Y. Hiraoka used 
a somewhat similar process, J. H. MaeMahon treated the feeder liguor of the 
ammonia-soda process with barium sulphide, and obtained barium chloride. 

The properties of the chlorides of the alkaline earths.- The crystals of 

liexabydrated calcium and strontium' chlorides belong to the trigonal system, 
A. Eppler e found for the axial ratio of the former: a : c=l : 0'5G5, and a--=112*29'; 
and of the latter, a : c =l : 03150, and a ^112° ]4\ G. Wyrouboff gave for the 
monocUmc prisms o£ dihydrated barium chloride: a : b : c=0'G177 :1 : 06549, 
and J0™91 D f/. For mixed crystals of barium chloride and bromide, vw/c infra. 
The reported numbers* of the Specific gravity of anhydrous calcium chloride range 
from d J. B. Karsten’s 2-0401 to L. Playfair and J. P. Joule's 2180. 0, fluff 
and W. Plato give 2 26 at 20°. G. Quincke gives 2 219 at 0° ; and 2120 for the 
molten salt at the melting point. For anhydrous strontium chloride, the numbers 
range from C. J. B. Kareten’s 2 8033 to H. G. F. Schroder’s 2 054. G. Quincke's 
and F> Braun's value for the fused salt at the m.p. am both 2 770 ; and 1\ A. Favre 
and 0, A. Vabon's, 3'035 at 17 2*. For anhydrous barium chloride, the numbers 
range from P, Kremcris 37 at 17 5°, to P, F. G, Boullay’a 4056. P. A. Favre 
and C. A. Valson give 3 844 at 16'6°; T. W, Richards, 3 856; and G> Quincke, 
3700, for the molten salt at its m,p. The best representative values at 15" may be 
taken as: Cal-I^, 2752 ; SrCh, 3052 \ BaCl 2p 3 856 ; whence W, Biltz gives the 
. respective mol. vol. 51*57, 5197, and 54'03. 

According to J. B. A, Dumas, calcium chloride loses its water and melts at a 
red heat, in an atm. of hydrogen chloride, and freezes to a crystalline mass. The 
melting point numbers for anhydrous calcium chloride range from W, Ramsay 
and N, Eumorfopoulos’ 7 710* p bo V. Meyer, and W. Riddle’s 806 4“ ; for anhydrous 
strontium cldoride, from T. Carnelley's 829° to \V, Plato's 872 3° ; and for anhydrous 
barium chloride, from T, Carnclley’s 772* to F> Haber and 8. Tolkuzko’s 965°, 
There is a transformation temperature with barium chloride at 92:P-924° when 
the so-called monoclinio a-BaOI* melting at 960°, passes into cubic ^-BuCl^,; 
H. Gemsky placed the transition temp, at 930° This change was noted by 
H, lc Chatelier in 1897. 

According to F, Kraus, when the chlorides of the alkaline earths are heated to 
redness in air, a part is transformed into the oxide, so that the aq. soln. of calcined 
chloride has an alkaline reaction. J. B. Dumas made a similar observation with 
respect to barium chloride, and T. AV. Richards found that a little chlorine is lost, 
E. Mitscherlick noticed that at a white heat a small quantity of calcium chloride 
volatilizes without decomposition, and R, Bunsen said that a bead on platinum 
wire volatilizes 2 717 times as fast as sodium chloride, while T, EL Norton and 
D. M. Roth found that barium chloride under similar conditions volatilizes 120 
times aa fast as sodium chloride. G. Bortlia found some barium chloride volatilizes 
at 1000*, When a sain, of strontium or barium chloride is sprayed into a Bunsen’s 
flame, spectroscopic observations by A, Gouy showed that the salt is only partially 
dissociated, while with calcium chloride, dissociation is complete, L. Riigheiincrs 
determinations show that the mol, wt, of strontium and barium chlorides are normal 
in boiling bismuth chloride, 

H, Kopp’s value for the coefficient of expulsion of calcium chloride is 0 00062. 
The specific beat of anhydrous calcium chloride, according to H. Kopp, is 0 209, 
and, according to H. V. Regnault, O'315; for strontium chloride from 13° to 98 & , 
01199 ; and for barium chloride, from 14* to 98*, 0 08957 ; or from 16° to 47*, 
0*0902♦ 

According to J. Thomsen, s the beat Of formation of the chlorides of the alkaline 
earths from their elements is (CaCl* 6H s O), 170'23 Cals.; (Sr, CL), 184 55 
Cak; and (Ba, C1 E ), 194*24 Cals. D. Tommaei gives (Ga, Cl* 6H 2 G), 19198 
Cals.; (Sr, Cl* 6H 2 0), 203*19 Oak ; and (Ba, Cl* 2H*0) P 7'0 Cak ; (CaCl* aq.), 
17-41 Cab,; (SrCl* aq.), 12*14 Cab,; and (BaCI* aq.), 3 07 Cak ; (Ca, Cl* aq.), 
187*64 Cob,; (Sr, Cl* aq.), 1&JV69 Cab.; and (Ba, Cl* aq.), 196*32 Cab.; (C&C1* 
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GH*0), 21-75 Cak; (SrC! s> 611*0), 18 64 Oak ; and (BaC^, 2H*0)> 7‘00 Cak 
M. Bcrthelot gives {Ca(0H) 2 aq„ SHCJaq.), 27'9 Cak; {Si(OH) 2 &q., 2HClaq,), 
280 Cak; and (Ba(OH) 2 aq,, SHCIaq.), 2778 Cols. A* Guntz and G, Rbdcrer 
give Srsoud+^HCli^.—SrCl 2ll j.+l£8 Cals. 

According to P. Sabatier, the heat o! solution of monohydrated calcium chloride, 
CnClg.ifgO, is 1175 Cals., at 21’5°. According to J. Thomsen, the beat of soln, 
of a mol of CaCl^tiH-jO in 400 mols of water is — 4’84 Cak ; for SrCl 2 .tiH a Q, the 
corresponding value k — 7’Gl Cak ; and of RaCI^HgO, —4 93 Cola.; a mol of 
BaCig'HgO in 400 mols of water, —170 Cals, S. G, Pickering gives for the heat 
of soln. of anhydrous calcium chloride in water, 18723 Cals. ; and in alcohol, 
17-555 Cak ; for hexahyd rated calcium chloride in water, —4 251 Cak ; and in 
alcohol, —2 f)f>3 Cak S. U, Pickering gives for the heat of admixture in rak of 
100 grins, of a cone, soln. of calcium chloride in an infinitely large amount of 
water at 17 9l y : 

lVr cent. faClj ,12 Jj 10 20 3<l 40 iiO Ji5i 

Heat in enk . . 4 OH JUitf tfrl Wfl 215 517* 1277 Mm 

The heat of soln, of calcium chloride associated with different proportions of water 
in 400 mols of water, at L8 n , is, according to J. Thomsen : 

MoluHjfO , . 0 1 \n 2-75 3 49 3 70 & 

Heat of soln, , 17 »0 10 SO fj Oil 37(> 2 97 -4-34 fMk 

Similarly for strontium chloride : 

llok n ( o ,012 :t 4 n o 

ii™t of Hoiii. . nu r, sa * OH -frifl -7-r>raiH. 

According to C. M. van Deventer and II, J, van da Stadt, the so-called integral 
heat of soln. of CuCl a ,GH 2 0 is “-7 55 Cak S, Arrhenius' value for the heat of 
Ionization in — AMAiCig soln, at ,35° is —307 Cals. F. R. Pratt, and G,MeI\ Smith 
and co-workers have studied the heats of dilution of soln. of barium and strontium 
chloride alone and mixed with different proportions of the alkali chlorides. The 
he&ta of dilution of the mixed sob. bear no simple additive relation, and the 
results agree with the assumption that compounds of a higher order are formed. 

When the anhydrous chlorides are dissolved in water, heat is evolved, and 
the soln. becomes wanner: e,tj, CaCl a H-Aq^(kCl^,j.-bl7'l Cak ; and with 
anhydrous barium chloride, 2 1 Cals. On the contrary, when the crystalline 
hydrates are, dissolved in water, heat is absorbed, and tho soln. becomes cooler: 
e.g. CaCL.611*04- Aq h ^CaCl 2{U1 ., —4'3 Cals.; and with crystalline barium chloride, 
BaCL^H^O, —4'9 Cak Thus, the temp, can be reduced from 0° to —42* by a 
mixture of 2 parts of crystallized calcium chloride, with half its weight of snow 
or powdered ice ; 3 parts of potassium chloride with 2 parts of snow will lower the 
temp, from 0° to — 33 c ; with 10 parts of snow, from 0 C to — ll c ; 1 part of sodium 
chloride with 3 ports of snow will lower the temp, from 0° to ™17 7°. Hence, the 
use of such salts as freezing mixtures. 

The dissolution of a solid ia attended by (i) the separation of the mols. from 
one another against mol. attraction; (ii) the liquefaction of tho solid; and (iii) 
combination of the solute with the solvent. The two former involve an expenditure 
of energy and exercise a cooling effect, the last alone usually exercises a heating 
effect; whether the dissolution of a solid will be an endo-or an exo-thermal 
process is thus determined by the relative magnitudes of these three effects. 
When liquids are dissolved, (ii) will be zero ; and with ga&es liquefaction will be 
attended by an evolution of heat. The great evolution of heat which attends 
the dissolution of anhydrous calcium chloride in water is evidence that the solute 
is uniting chemically with the solvent. 

The solubility of calcium chloride in water from —55 a to 260° has been deter¬ 
mined by P. Kreroers,&G. Mulder, A.B.Poggiale, H. Hammer!, A. Eterd, R. Engel, 
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and A, Ditte, H. W. B* Roozeboom’s results expressed m grama CaCl a per 100 grm 
of win, are: 



0* 

10* 

30 fl 

40* 

00* 

80“ 

100* 

ISO* 

CftCl, . 

, 37 3 

39-4 

42-7 

53-4 

57-8 

59 5 

61-4 

69*0 

SrQi . 

♦ 30-3 

32*3 

34 0 

39-5 

45-0 

47‘5 

50 2 

58*r> 


, 24*0 

26 0 

20-3 

28 9 

31-3 

34-3 

37 0 

33*9 


The solubility of calcium chloride at —55° is 29*8 grins, of CaCl s per 100 gnns. of 
win.; and at 260°, 77'6 grms. of Cad 3 . The solubility of strontium chloride 
from —20° to 180° has been determined by G. J, Mulder, A. B. Voggiale, P. Kremers, 
R, Engel, A. Etard, and W. A. Tilden; at —20 s , the solubility is 26 0 per cent, 
SrCl 2 ; and at 180°, 62*0 per cent. The solubility of barium chloride from 
0 a to 215° has been determined by G. J. Mulder, J. L. Gay Lussac, P, Kremers, 
A. Gerardin, R. Engel, and H, Prceht and B, Wittzen. A, litard found that at 215°, the 
solubility is 43 l l per cent. BaCl 2 < The solubility curves of these salts would be mis¬ 
leading if plotted from the numbers indicated above, for many of these chlorides give 
solubility curves with a number of breaks which would thus be smoothed out and 
accordingly obscured. Care must always be exercised in smoothing data obtained 
at widely differing temp,, because some important phenomena may thus be masked. 
The breaks correspond with the change in the solubility which attends the trans¬ 
formation of one hydrate into another as the temp, rises. The same remarks apply 
to formulm representing the relation between the solubility S and the temp, 8 by 
a continuous function—e,g. A, titard represented the solubility curves of calcium 
chloride at 6° between —18° and 6° by 5=32+0-21480 ; and between 50° and 
170° by 5=54 6+0*07550* L. Gay Lussac represented the solubility curve of 
barium chloride by 5=30-62+0-27110; and A. E. Nordcnskjold by log 5—1*4916 
+O'OO34130-OOOOOOG580* 

W. D, Harkins and H. M. Paine measured the solubility of strontium chloride 
in water, and noted the effect of various additions, and also the sp. gr* of the win* 
They found strontium chloride dissolves in water to the extent of 557*6 grms. in 
1000 grms. of water, and the soln. has a sp. gr. 1 *4015 at 2574°. Strontium nitrate 
increases the solubility to 658 5 grms. with OT372 eq., and then decreases it to 
551"4 grms, with 3 318 eq. per 1000 grms. of water. Sodium nitrate increases the 
solubility 684"8 grms. with 3-553 cq., and then decreases it to 542 6 grms. with 
3‘856 eq. per litre. Nitric acid has very little influence on the solubility, whereas 
hydrochloric acid strongly depresses the solubility to 42 09 grms. with 9 205 eq. 
per 1000 grms. The other substances examined all depress the solubility of strontium 
' chloride appreciably, but not to anything like the extent that hydrochloric acid 
does. The solubility curve for hydrobromic acid lies above that for hydriodic 
acid, and hydrochloric acid, on account of its common ion effect, gives a curve 
which lies much below either* Just as hydrochloric acid depresses the solubility 
more than hydrobromic acid, so potassium chloride is more effective in lowering 
the solubility than potassium iodide. The curves fox sodium nitrate and nitric 
acid have the same relative positions as potassium iodide and hydriodic acid and 
potassium chloride and hydrochloric acid. In all these cases, the solubility of 
strontium chloride is less in the acid than in the corresponding salt soln* 
W. D. Treadwell found the wlubility of dihydruted barium chloride in alcohol and 
water at 15° to be: 

Per tent, alcohol (ivt.) ... 10 20 30 40 60 SO 97 

Bad,.2H t O.31 '1 21*9 147 10-2 3-5 f6 0*014 

The hydrates ot the chlorides of the alkaline earths—The solubility 

curves of calcium chloride shows the existence of five hydrates: Cada.HsO, 
CaGlfrfll^O, CaCl^GH^O, and two forms, a- and ^-Gad^H^O, H. W. B. 
Roojwboom’s solubilily curve is shown in Big, 12. The eutectic or oryo- 
hydric temp, is —55° with a soln. containing one part of Cad^ in 14*6 parts of 
water. At this quadruple point, the two solid phases arc ice and hexahydrated 
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calcium chloride, the other two phases are the soln. just indicated, and vapour with 
a scarcely appreciable vapour press. The solubility curve of the hoxahydrated salt 
rises steadily from — 55° to 29'2°, when there is a break, corresponding with the 
passage of the hexahydrated to the /3-tetrahydrated Aolt or to 29'8°, corresponding 
with the passage to the a-tetrahydrated salt. At the transition point, 29 2°, the 
two soljd phases are CaCl 2 .0H 2 0 and jS-CaCl 2 ,4H 2 0; liquid phase with one part 
of Cada per 5 41 parts of water; and vapour at 5 67 mm, press. At the transition 
point, 29'8 S , the two solid phases are CaCl 3 ,6H a O and ; soln, with 

one part of CaCl^ per 810 parts of water; and vapour at 6’80 mm, press. The 
range of stability of j8-CaCl 2 ,4H 2 0 is from 29 2° to 38 4°, at the latter temp., the 
two solid phases are jB-CaCl 2 .4H 2 0 and CaCl 2 .2H 2 Q ; the liquid phase has one part 
of Ca01 s in 4 83 parts of water ; and the vapour a press, of 7 88 mm. The range 
of stability of a’Ga(%4ff 2 0 is from 29 8° to 45 + 3 s * at the latter temp,, the two 
solid phases are a-CaCl^H^O and CaCV2H 2 0 ; the liquid phase has one part of 
CaCl 2 to 473 parts of water ; and the vapour has a press, of l V 77 m m , The range of 
stability of CaCl 2 .2H 3 0 is either from 38 4° or 45'3 s to 175 5° ; at the latter tamp,, 
the, two solid phases are CaC] 2 .2H 2 0 and CaCl 2H H 2 0 ; the soln. has one part of 
CaC1 2 per 2 (7 parts of water ; and the vapour a press. of 842 mm. The range of 
stability of CsC 1 2 ,H 2 0 is between 175 5° and about 260°, when the two solid phases 
are CaOl 2 .H 2 0 and OaCl 2 ; the liquid has a gram of CaCl s for about O’18 grm. of 
water ; aud the vapour a press, of many atm. 

There has been some discussion about the point If, Fig. 12, the m.p, of the 
huxahydrated salt. H. W. B. Roozehoom regards it not as a transition point, 
but as a maximum cm the solubility curve, where the tangent, dTjd&t is parallel 
to the j5f-axis h On the other hand, H, le Chateiier takes the view that H is a definite 
break or transition point. F. A. Lidbury showed that the in,]), determinations in 
the system with CaCI 2 with between o'54 and fi'44H 2 Q gives a curve with no 
definite break, but one which has a maximum between 29'918° and 29 920*, corre¬ 
sponding respectively with CaCl a -t-G 99H 2 0 and CaCl 2 +6'03H 2 0. K W. Krister, and 
R. Kremann also regard the point II as a turning point or maximum and not a break. 

The existence of hydrated calcium chloride, CaCL 2 .H 2 0» was suspected after 
the work of H, Lchcojut on the vapour pressure of soln, of calcium chloride ; and 
its separation in crystalline 
needles from soln, of calcium 
chloride above 175 5 s was 
demonstrated by H. W, B, 

Hooreboom in 1889, W. 

Muller-Ere-bach obtained it 
by confining the dihydrated 
salt over sulphuric acid of 3 
the relative vap. press., p/p a ^ 

=0 l Q4, where p is the vap. <5 
press, of the acid, and ^ 
that of water at the same J 
temp. The sj>ecd of conver¬ 
sion ia slow, and the salt, 

CaCI E .H a O, is formed more 
quickly by confining the salt 
in a vessel, with a rather 
higher vap. press, than is 
required, and subsequently 
removing the excess in an 
atm. with the water vapour 
at a relative proas, of about 0 02. The crystals melt at about 260 s under ptew. 
This temp, is a transition point, Cad^.H^O^CaCla+HgO. The range of stability 
of this salt and its solubility are indicated in Fig. 12. DUudtltoQ Cfl h l flin 
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chloride, CaC 1 3 .2H 2 0> was made by T. Graham by exposing crystals of the hexa- 
hydrated salt “ in vacuo for 10 days during the heat of summer/’ He adds that 
the crystals become opaque and of a talcy lustre, without being disintegrated, 
and their proportion of water was reduced to CaCl^SH^O. A. Ditto obtained 
crystals of the dihydrated salt by passing a stream, of hydrogen chloride over the 
hexahydrated salt; by passing the same gas into a cone, aq, soln, of calcium 
^chloride, taking precautions to avoid a rise of temp,; and by gradually adding 
small pieces of fused calcium chloride to a cone, aq, snln. of hydrochloric acid so as 
to avoid the evolution of gas. The dihydrated salt gradually crystallizes from the 
soln, in fine transparent very hygroscopic crystals. H. W. li. Roozeboom obtained 
the salt by evaporating aq. win. of calcium chloride at about 105°. The range 
of stability and solubility is indicated in Fig. 12. W. Miillcr-Erzbach made this 
salt by confining calcium chloride in an atm. where the relative press, of the water 
is O'10 mm,, or over hydrating the salt and removing the excess in an atm, with 
the water vapour at the relative press. 0 05. 

H. Hammerl formed tetrahydrated calcium chloride by partially melting 
the hexahydrated salt in its water of crystallization, pouring off the mother 
liquid, and repeating the process several times. W, Miillcr-Erzbach made this 
salt by keeping calcium chloride in an atm. when the relative press, of the 
water vapour is between 013 and 018, The salt crystallizes in what appear 
to be rhombic crystals melting at 453°, when it passes into the dihydrated 
salt. E. Lefebre also obtained transparent plates of the tetrahydrated salt by 
cooling below 15° a soln, containing 120 parts of CaCl^ per 100 parts of 
water. H, W, B. Ronzeboom showed that two different modifications of the 
tetrahydrated salt are here in question, and he calls Hammerl’a salt a-CaCl 2 ,4H 2 0, 
and E, Lefebre’s salt, j3-CaCl 2 .4H a O. The solubility curves and ranges of stability 
of the two tetrahydrated salts are indicated in Fig. 12, Sain, represented by this 
dotted line BE are sat, with respect to ^-CaCl 2 .4H 2 0, and supersaturated with 
respect to CaCl 2 .6H 2 0, If the /1-ealt be heated in the presence of its sat. soln. 
above 38* 4 a , E t Fig. 12, it forms the stable a-CaCl a .411^0. This transformation 
does not occur spontaneously over 20° except by rubbing or by seeding with the 
a-salt. According to D. Gemex, if a supersaturated soln, be cooled to 15°, and 
rubbed cautiously with a glass rod, the tetrahydrated salt crystallizes out. while, 
with energetic rubbing, the hexahydrated salt crystallizes nut. The a-salt of 
H. Haxumerl is the more stable form, and, as is generally the case, the more stable 
form possesses the smaller solubility. Soln. ranging from U to tr, Fig, 12, are sat, 
- with the a-salt, and supersaturated with the hexahydrated salt. At 45 3°, K t 
Fig. 12, a-CaCl 2 ,4H 2 Q passes into the dihydrated salt. 

Hexagonal crystals of hexahydrated calcium chloride, GaCl 2 .GH 2 0, are 
obtained from aq. soln. of calcium chloride below 29'2°; and W Miillcr-Erzbach 
obtained it by confining calcium chloride in an atm. where the relative vap. press, 
is between 0 34 and 0192. The published values for the specific gravity range 
from the 1612 (10°) of H. Kopp, 10 bothel701 (ITT 5 ) of P. A. FavreandC, A. Valson. 
J. Dewar gives 17187 at —188°, and 1*6775 at 17° ; the coeff, of thermal expansion 
between these temp, is therefore 0 0001191. H. Kopp says the crystals expand 
from 1 to 1'007 when heated from 0° to 20°; and from 0° to 29°, 1 020; and in 
melting at 29°, the volume increases to 1718, corresponding with a 9'G per cent, 
expansion. The latent heat of fusion, according to G. G. Person, is 4070; and, 
according to S. U + Pickering, 11*417 Cals.; the sp, tit., according to 9, Pagliani, 
0'345, and the heat of soln. —4'3 Cals., but after soln., further dilution was shown 
by A, Ditte to raise the temp, by the evolution of heat. J, Milikan studied the 
ternary system, CaCl^-HC1—H^O, at 30°, and found a soln. with 44'50 per cent, of 
caloium chloride and 3'3 per cent, of HC1 is in equilibrium with the hexa- and 
tetra-hydiates; and soln. with 28 48 per cent, of calcium chloride and 21‘40 per 
cent, of HC1 is in equilibrium with the tetra- and di-hydrates. 

The hydrates of strontium and barium chlorides have not been so closely 
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examined as those of calcium. Strontium forme the hydrates, SrC^^HjjO and 
SrClg.SHjgO, P. Kramers 11 showed that although the latter crystallizes from 
sola* at ordinary temp., dihydrated strontium chloride, SrQ^,2H 2 0, separates 
out when the temp, is high—between 90° and 100°, according to A, Etard; andahove 
61*5°, according to T, W. Richards and J, B. Churchill. A, Ditto, and H. Lescoeur 
made the same compound by leading hydrogen chloride into a sat. soln, of the 
hexahydrated salt; by treating the solid hexahydrated salt with cone. hydrochloric 
acid; or by adding the anhydrous chloride to cone, hydrochloric aeid^the soln. 
becomes warm and the dihydrated salt crystallizes out on cooling in water clear 
plates which becomes anhydrous when heated. According to 0. Lehmann, the 
crystals of dihydrated strontium chloride which separate from hot soln, of barium 
and strontium chlorides are somorphous, but the (cold) crystals of the strontium 
salt form ordinary crystals when tliey are squeezed or scratched. 

The long six-sided crystals of hexahydrated strontium chloride, SrCLhH^O, 
belonging to the trigonal system Ore isomorphous with those of CaCl 3 . 6 H.jO, and, 
according to A. Eppler, have the axial ratio g :c= 1 :0G150, and a— 112 ° 14'. The 
crystals of hexahydrated strontium chloride have a ftp, gr. 1933 (17°), according 
to P. A. Fayie and C, A. Valson ; 1964 (16 7 Q ), according to F. W. Clarke; and 
1'921, according to H t J, Buignet, They melt, according to IV. A. Tilden, at 112 °, 
and pass into the dihydrated salt above 61 5°, as indicated previously. J. Milikan 
studied the system, SrCl s —HCl—H^O, at 25°, and found the solid phases, SrQ 2 . 6 H 2 0 
and SrCla, 2 H B 0 , coexist in equilibrium with soln r containing 211 per cent, of 
strontium chloride and 2714 per cent, of HQ, 

H. Lescosur deduced the existence of hydrated barium chloride, BaClg.HgO, 
from the constancy of the vap, press, curves of the system containing BaCl a , 
and up to one eq, of water; and J. Thomsen inferred the existence of the same 
compound from the fact that the thermal value of the reaction, BaQ 2 +H 2 0, 
is not half so great aa for the reaction, BaCl 2 -b 2 H 2 Q t H. Leseceur claims to 
have mads the monohydrate by saturating the aq. soln. with hydrogen chloride, 
and by heating the dihydrated salt between 6 f)° and 65°. Colourless plates 
of the monohydrato are also said to be formed when the dihydrate is agitated 
with methyl alcohol, and the filtered soln. allowed to crystallize. Monoclinic 
prismatic crystals of dihydrated barium chloride, BaCl^HgO, are formed when 
barium chloride crystallizes from aq. soln. The transition point for the passage : 
BaGl a ,2H 2 0^BaCl 2 .H 2 0-l“H 2 0, has not yet been observed, although probably 
one does exist at an elevated temp, F. A, H, Schrcinemakers and J. Milikan studied 
the ternary system, BaCl a —HQ—H a 0, at 30°. According to G. Wyrouboff, the axial 
ratio for the crystals of dihydrated barium chloride is a : b :c=0'6l77 :1: 0 6649, 
(3^91° [)', 0, Miigge measured these ratios. The crystals of dihydrated barium 

chloride arc not isomorphous with those of dihydrated barium bromide, or dihydrated 
barium iodide, although the two latter salts crystallize isomorphously from aq, soln. 
of the chloride, and, consequently, these forms arc unstable under ordinary conditions. 
The crystals of dihydrated barium chloride have a ap. gr. 3 054 (3'9°), according to 
J, P. Joule and L. Playfair; 3'054 P. A. 

Favre and C. A. Yalson; 3'097, according to T. W. 

Richards; and3'090 (18°), according toG. Brill and 
C. de B. Evans. The crystals lose their water when 
heated to 121°, without melting. F. A. Gooch 
and F. M, BJcCIenahan find that it makes no 
difference to the product whether dihydrated 
barium chloride be heated in air or in hydrogen 
chloride below 100*\ and at this temp, dehydration 
is complete. E. Janecke also found similar remarks 
apply when the dehydration is conducted under 
press. T. W. Richards plotted the total loss of water which occurred when dihydrated 
barium chloride was heated at 30° for different periods of time and found the curve 
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Fro. 13.—Velocity Curve of the 
Dehydration el BaCl|*2H 2 0* 
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presented a sharp angle '* exactly at the point corresponding with BaG 2 .H 2 G,” 
as illustrated in Fig. 13. F* A. Gooch and F. M. McCiouahan explain the fact 
that the water can be expelled without the loss of chlorine by assuming the 
constitutional formula: 

®>0=a-Ba-Ci=0<® 


Contrast this with the phenomena attending the dehydration of the hydrated 
magnesium and aluminium chlorides. E. H. Davis claimed to have made mono- 
hydrated barium chloride, BaCl 2 .H 2 0, hut this has not been confirmed. 

The spedffc gravities of aq. soln. of calcium chloride have been determined 
by <T. B. Richter, 12 P. Kiemers, G, T. Gerlach, J. G* McGregor, and S. U. Pickering, 
The relation between the percentage composition of the soln, at 17 920° and the 
sp. gr* is (water alone 0 l 998G9): 


Per cent, of salt . 0*1 l - 0 5 0 

Sp. gr. CaCIj . 0-999M ] 00703 1-040&& 

„ flrCl 3 - — JOO02 10458 

„ BaCl, - — 10453 


100 

1-08407 

J^OOftl 

10929 


20 0 30 0 

1-17010 1-2827? 

1-20GT 

1-1989 1-3320 


Soln. with 40 to 50 per cent, calcium cldoride liave the respective sp. gr. 139489 
and 150676. The values for barium and strontium chlorides at 16° are by 
G, T. Gerlaeh. P* Kramers and F. Kohlrauseh, G h T. Gerlach, H. Schiff, 
D, I, MendelGeS have also measured the sp. gr. of soln* of strontium and barium 
chlorides. According to K. Engel, a soln. sat. with calcium chloride at 0° has a 
sp. gr. of 1367; strontium chloride, 1*334 ; and barium chloride, 135. T. Poleck 
has also measured the contraction which occurs on dissolving calcium chloride in 
water. According to G, T. Gerlach, the sp. gr. of a soln. of strontium chloride at 
15° rises from l'Q453 for a 5 per cent. soln. to 13G33 foT a 33 per cent. soln.; and 
the sp* gr, of a soln. of barium chloride rises from 10092 for a one per cent. soln. 
to 12702 for a 20 per cent. soln. N. A. Tschernay gives for the volume, v , of a 
soln. at 0°, barium chloride, BaClj+fjOHoO, e=1+00323930+0 h Ofi24560 £ ; 
BaCl 2 +10GH 2 G, ^-l+OO a 13450+U U*35370 2 ; strontium chloride, SrCL+ 50H a O, 
v=l+Q O 3 22O40-|-O J O 6 2&420 2 ; calcium chloride, CaCl 2 +50H 2 O, ij=1+O'O 3 19250 
+Q Q$M7d* ; CaCl^+K»0H 2 O, 1+0%^>850+0fl 6 36130 2 

The lowering of the temp, of maximum density of water by calcium chloride 
was found by L*C.de Goppet to be proportional to the cone.: soln. with d/--0 0431, 
0 0744, and 01500 mol of Ca0 2 per litre lowered the temp, of maximum density 
of water respectively to 3 208°, 2 645°, and 1-234°, where 0 776°, 1-337°, and 
2 748° respectively, so that the mol. lowering of the temp, of maximum density, 
dTjM t is respectively 17'97* s 1800°, and 18 31°. Similar result were obtained 
with barium chloride ; with soln. containing 0 0002 and 01995 gram-mol. of BaG 2 
per litre, the temp, of maximum density is respectively +3 982° and —(>'843°, and 
the mol. lowering of the temp, of maximum density is 241°* 

According to J. Drecker, 1 * the coeff, of compressibility cf 5 8 per cent. soln. 
of calcium chloride is 39 7 Xl0 -8 ; for 17 8 per cent. soln. 31 3 X1G -8 ; and for 409 
percent, soln. 21'7xlO _8 . V. Schumann, andL. Grassiaiso made observations with 
soln. of calcium chloride. V. Schumann gave for 1 24,17'7. and 27 20 per cent. soln. 
of strontium chloride between 16 D and 19°,45-4xl0 _e , 37'2xlO“*, and 32 - 3xl0” e 
respectively, V. Schumann gave for the compressibility coeff. of 211,10 84, and 
2016 per cent. soln. of barium chloride, reflpectively 44 TXlO -8 , 41,1 XlO" 8 , and 
36'OXlO -8 , between 19° and 20°. P. G. Tait, and 0, Schmidt also calculated values 
for solm of barium chloride. According to E. Janecka, by compression, dihydrated 
barium chloride can be melted at 100°, and it is then converted into the anhydrous 
chloride. G. Wertheim measured the velocity of sound in soln. of calcium chloride. 
According to G* Timberg, the surface tension of soln. of calcium chloride of sp.. gr* 
14007 is 9 581 mgrms. at 6'73° ; and for soln. of sp. gr. I - 4007 it is 9 + 58I mgrms. at 
6'73°* For soln. of strontium chloride of sp. gr. 13357, 8 800 mgrms. at 6‘2°, 
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and foi win, of sp. gr. 1-2994, 7 049 mgrms, at 70°. J. Wagner’s value u for the 
viscosities of Jff-, and JiY-sob. of calcium chloride at 25°, are respectively 

1 1343,1*0631,10310, and I'0202, when the value for water is unity; for strontium 
chloride, 1T411, 10674, 10338, and 1 0141 ; and for barium chloride, 1*1228, 
10672, 1'0253, and 10128 respectively. G* Quincke’s values for <t for molten 
calcium, strontium, and barium chlorides are respectively 98*7, 1111, and 150*6 
dynes per cm.; and for a 2 respectively 9'49, 8'18, and 8 29 sq. mm. According 
to J. D. R. Scheffer, 16 the diffusion coefficient of calcium chloride changes very 
little with cone, and for soln. containing 0 047 and 122 mala per litre at 9°, k is 
respectively 0*68 and 0*72 ; similarly, for soln. with 0 028 and 0 201 mol of barium 
chloride per litre at 8°, h is respectively 0*65 and 0 66, F, K, Bartcll and 
0. E. Madison studied the osmosis of soln. of barium chloride through animal 
membranes. 

The thermal expansion of soln. of calcium chloride has been measured by 
G. J. W, Bremer, N. A. Tachcmay, and J. Breaker. 16 According to N* A. Tschernay, 
the vol u of soln. in 50 mols of water at 0° between 0° and 60° istt=l-h0'0001925f? 
+0 000002647^; for strontium chloride, v=l+00002204d+0‘000002542ff a ; 
and for barium chloride, t?^l-H)‘0002393fl+0 , 00000245^ 3 . With soln* containing 
between 4 and 31 parts of Gad^ per 100 ports of water, the ceeff, of expansion 
ranges from 0 0001126 to 0 0003425, G, Bender’s value for the coeff. of cubical 
expansion of a soln. with 9'5 per cent, of barium chloride is 0*00025818 ; for a 
24 1 7 per cent, sob., 0-0003613, The comparatively large coeff. of thermal expan¬ 
sion for sob. of calcium chloride has led to the selection of these soln, for use in 
thermostats* 

According to G, Jager, 17 the heat conductivity of sob. of calcium, strontium, 
and barium chlorides decreases regularly—respectively 309X10" 5 , 216x10-“, 
176x10-6—for each per cent, increase in cone. The relative conductivities 
(water 100) of 15 and 30 per cent. soln. of calcium chloride are respectively 95‘4 
and 90'7 ; of a 25 per cent. soln. of strontium chloride, 94‘6 ; and of 21 per cent, 
soln. of barium chloride, 96'3. C. H. Lees found a decrease of about 20 per cent, 
on the thermal conductivity of solid and molten hexahydrated calcium chloride. 

The specific heat, C f of soln. of calcium chloride, according to J. Breaker, 18 - 
with soln, containing p per cent, of the salt, is 1'022—O'016O3p-J-O + 0OO16p 2 . 

According to J, C. G. do MarignoCj soln. with a mol of the salt in n eq. of water 
have the sp, ht,: 


Eg. H*G . 

8p. ht. CaClj 
Mol. ht. CaCl| 


Sp. ht. Bra, 
Mol. ht, SrCi, 
Sp, ht. BoCLg 
Mol. ht. Bad, 


10 25 50 

06176 0*7538 0 8510 

1796 422-8 KbO 

— 08166 

— — 864 

— — 0-7790 

— — 804 


100 200 * 

0-0714 O-flfiSO 

1763 3544 

0-8050 0-0424 

1753 3542 

0-8761 00310 

1767 3540 


Anhydrous calcium chloride has long been used for drying gases; thus 
P* L* Dulong and J* J. Berzelius 10 about 1820, and 0. L. Erdmann and 
K* F. Marchand about 1842, employed it for drying the gases in their work on the 
at. wt, of oxygen* They seem to have assumed that it removes a relatively 
large proportion of water in the gas, although J. B. A. Dumas in 1842, andM*Pottem 
koter in 1862, mentioned as well known that calcium chloride will not dry a gas 
so completely* as sulphuric arid. The relative efficiency of many desiccating agents 
has been indicated in connection with the drying of hydrogen gas (g.v.). According 
to W. Miiller-Erzbach, calcium chloride has almost the same attractive force as 
sodium hydroxide for water, but smaller than potassium hydroxide, sulphuric acid, 
or phosphorus pent-oxide. Calcium chloride deliquesces rapidly in air. G, J. Mulder 
found that 100 parts of calcium chloride in air sat. with moisture at 16° to 20°, 
absorbed 712 parts of water, and strontium chloride, $54 parts of water in 56 days. 
R. Brandea made observations on this subject* According to H. W. Hake, the 
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hygrosoopicity of calfcium cicioride at a definite temp* Las a definite maximum. 
W. BummoS has compared the speeds of absorption of moisture from air by adphttric 
acid and calcium chloride. 

H. Lesctcur 20 has measured the vapour pre&or&fl of the different hydrates 
of calcium chloride. According to H. Lescoeur, the vap. press, of 

J&V 05* 76’ 10U’ m° 

Caa v 2H,0 .4 13 24 6U , 176 mm. 

CaCl a m t O * MT> 32 57 132 decomposed 


By gradually removing water from the system calcium chloride and water at a 
constant temp., say 100°, the vapour gradually falls until the system contains a 
single hydrate, CaCl E AHjG, the vap. press, then remains constant at 132 mm., until 
the system contains the hydrate, Cadg^H^O, with a lower vap. press., when the 
vap. press, of the system abruptly falls to 66 mm. and then remains constant until 
the system contains the hydrate with a still lower vap. press,, CaCl 2 ,H £ Q, whose 
vap. press* is very small* A system with two hydrates has three phases and two 
components, and has therefore one degree of freedom, so that the vap, press, at a 
constant temp, is independent of the amount of hydrate present. W, Muller* 
Erzbach, and H, W* B. Rooaeboam have measured the vap. press, of the different 
hydrates in the presence of their sat. soln. If p denotes the vap, press, of the 
hydrate, that of pure water at the same temp., p/p 0 represents the relative vap. 
press, of the sat. soln*, which, according to H. W* B, Roozeboom, have the values : 


C4C1..6H.O fr CaCV4HjO 

0-380 (lV) 0-273 (20*) 

0-323 (20°) 0 218 (20-8°) 

0 210 (30-2°) 0 207 (35°) - 


£'C»d], UIiO 
0'206 (20*) 
0-188 (29-2 Q ) 
0173 (36*) 


CaCl|,£H«0 

0156 (40°) 
0'178 (10°) 
0187 (J25*) 


CaCL.H.O 
0100(160°) 
0121 (1S0 D ) 
0 + U5 (205°) 


At 35°, the vap* press* at the transition is G'3 mm., according to 

W, Miiller-Erzbach ; and 51 mm., according tolLW. B. Rooaeboom. A, Wiilluer, 
G, Tammann, R* Emden, C, Dieterici, and W, Bilte have measured the vap* press, of 
moredil. soln. of calcium chloride* According to R, Emden, the relative vap. press., 
in agreement with L. von Babo’s rale, is independent of temp,—c.,p. at 19 64 c , po 
—17-09 mm., p=160mm*, orj>/p o ^O'930; afc501)4°, jty=92T9 mm.,])=85'9 mm., 
or pfp Q =Q m 931 ; and at 96-94°, ^^=679 16 mm,, p^63*T35 mm*, or j>/p 0 =Q-932, 
G, Tammann did not find his results in agreement with L* von Babo’s rule* 
R* Emden did not find the lowering of the vap. press., in agreement with A. Wullner’s 
rule, to be proportional with the cone. If C denotes the number of grams of 
Cadg and the number of grams of CaCl 2 6H 2 0 in 100 grins* of water : 


a 

l Pv—P 
o' P t 

C' 

1 

& 

12-55 

5 + 44 

2822 

2*42 

10-00 

5-86 

48-96 

2-39 

20-22 

6-06 

40-64 

2-47 


Analogous results were obtained by C, Dieterici, and W. Biltz, G* R. Paranjpe, 
and E* M. Baker and V. H, Waite measured the vap. press, and b.p. of aq* soln. 
of calcium chloride; and W, Pieper of aq. and alcoholic soln, of calcium and 
barium chlorides. 

The vap* press, of win. of strontium chloride have been measured by G.Tammann, 
and W, Blitz; and of the hydrates by H. Lescceur, P. C* F, Frowein, and 
J. L* Andreee. The vap* press, of Srd 2 .6HaO given by J* L. Andrea&are : 

IB-7* 2SV &0V 541* 37 V 

SrCMH,0 . 6-61 8*72 11-84 16 83 10-86 mm* 

The vap* press, of the hexahydrated strontium chloride is therefore greater than for 
the corresponding calcium salt, and if the barium salt be ever prepared, it is probable 
that its vap. press, will be still greater* From the fact that the vap. press, of 
systems SrC^+O to 2H a G, and SrCla+2 to 6H £ 0, have a constant vap, press., 
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it is inferred that only the hydrated salts, SrCl £ ,2H 3 0 and SrClg.CH^O, exist, 
J. B« Hannay found the curve representing the velocity at which hexahydiatcd 
strontium chloride lost water at 100° showed a break only with the formation of 
SrCla,2ff a Q ; but when dehydrated over sulphuric acid at 10°, there was a break 
with SrCtg^HgO. G. P. Baxter and J, E, Lansing measured the Yap. press, of 
hydrated strontium chloride, and represented their results at T° K. by log p=15Q8l 
-6731/(r~J-152). At 25 c , for the transition 2-6H a O, P, C. F. Frewein gave 7 5 
mm.; J. L. Andrei* 1 , 8'5 mm.; and G, P. Baxter, 8'37 nun. A, W. C. Henries 
also measured the dissociation press, of hexahydrated strontium chloride. 

H. Leraceur’s measurements of the vap. press, of solid barium chloride at 100° : 

liE,0 l'MtljO l’20H a O 0l3H,O 

BaClj-t- 620 f(2fi OIS 272 270mm. 

correspond with the possible existence of BaCl a ,2H £ 0 and BaCl a ,H s 0; and his 
values at 10°, BaCl E -j-2H^0, 27 mm.; 7 5 mm,; +2-4(JH 2 0, 7 5 mm.; 

+2'5lH a O, 7 4 mm., indicate the possible existence of a still higher hydrated salt; 
and because barium chloride acts as a nucleus for seeding superset, rain, of 
CaCJg.tiHgO, he believes that hexahydrated barium chiunda, BaCl 2 .6H 2 0, iaomorphous 
with the calcium salt, really exists. The first argument is not sound, because at a 
constant temp, the vap, press, of the mixture, BaCl 2 .2Hj[0+JiH 2 0 t will be a con¬ 
stant. There are present 3 phases and 2 components, and the system has accordingly 
only one degree of freedom—the temp. The vap. press., p, of dihydra ted barium 
chloride at different temp., determined by P. C. F. Frowcin, are 2 97 mm. at 18'25 fl ; 
7 + I25 mm, at 28 l 83° ; 13 478 mm. at 37 30° ; and 21T17 mm. at 43 45*. According 
to W. Miiller-Erzbach, the relative vap. press, of BaC1^3H 2 G at 17 + 5° is 0 21; and 
of BaCl 2 .H 2 0 at 16'7 C j 010. For the transition, U-ltfgO, at 25 H. "W. Foote 
and S. 6. Scholes gave 2 5 mm,; W. Muller-Ersbach, 24 nun, ■ A, H. Pareau, 

2 9 mm.; and H, Schottky, 11 mm.; while for the transition, 1™2H S 0, H. W. Foote 
andS. R. Scholes gave 48 mm.; P, C. F, Frowein, 5 2 imn.; H. Lescceur, 6'9 mm.; 
W. Muller-Erzbaeh, 4 9 mm.; J. R. Partington, 5'6 mm.; and R. E. 'Wilson, 

5'8 mm. G. Tammann found the transition temp., is 29 7° at atm. press,, 

and 6022° at 3030 kgrns, per sq, cm,; or 3 rft a press, p kgrms. per sq. cm,, the 
transition temp. & is 29 7+O Oll63p -0 O^tip 2 . He also found for SrCl 2 ,6H a O 
^SrClaAHjO the transition temp. 62 0" at one atm, press., and 75 08° at a press, 
of 2820 kgrms, per sq. cm. A. W, C, Menzies measured the dissociation press, of 
dihydrated barium chloride. According to G. Tammann, the lowerings of the vap. w 
press, of N- t and 2itf-soIn. of barium chloride are respectively 16 4 min., 367 
mm., and 776 mm. He further found that the effects of variations of temp, and 
cone, are not in accord respectively with L. von Babo's and A. Wiillneris rules. 

According to F. Riidorff 21 the boiling point of a sat. soln. of calcium chloride 
is 180° ; for a sat, rain, of strontium chloride, P. Kremere gives 114° ; G. J. Mulder, 
118 8° ; and J, Lcgrand, 117'45° ; and for a sat, rain. of barium chloride* P. Kremere 
gives 106°; J, L. Gay Lussac, 105 48 c ; J Legrand, 104'£ c ; and G, J, Mulder, 
104'1°. H, Hammerl found that the rise in the b.p, over that of water for rain, 
containing p per cent, of anhydrous calcium chloride is 0 h 0519p-j-0 011163p :j . 

A. Schlamp has measured the b.p, of dil. rain, G, T. Gerlach gave for cone. rain, 
with over 6 grms, of CaCIa per 100 grms, of water : 

Urnm, COCU, Q-DgS 2‘40B 00 ll'fi 26 0 101 222 m 

B.p, , . 100-091° 200-302° 101° 102° J05 D I30 fl 16Q* 178" 

The Tise in the b.p. of the first-named rain, corresponds with the factor t=3'32, 
for the second rain. t=2 58, and the value of i steadily increases to i=293 for 
a soln, with IG'87 grtns. CaCl a per 100 grms. of water which boils at 101*49°. 

8. Skinner has measured the b.p, of alcoholic rain, of calcium chloride. G. T. Gerlach 
gives the b.p,, of strontium chloride containing 30 grms. of SrCl^flHaQ per 100 
gnus. of water as 101°; 40 grms,, 102 °; 60 grms., 1Q3 C \ rising to 117° with 819 
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grins. of 8rd 2 ,6H^O per 100 grins, of water. G. T> Gerlach, and L. Kahbnberg 
also measured the b.p, of soln* of barium chloride. According to G, T. Gerlach, 
soln. with 15 and 17'6 grms* BaCl s ,2H s 0 per 100 gnus* of water boil respectively 
at 101° and 104 5°. J. Sakurai, and G* Harkcr studied the temp, of the steam 
arising from boiling sole, of calcium chloride. 

The freezing points of soln. of calcium chloride have been measured from 
many points of view by L. C. de Coppet, 22 H. W. B. Rooseboonii S, U. Pickering, 
S. Arrhenius, H. C. Jones and V. J. Chambers, A. Ponsot, E. H. Looruis, etc. 
S. U, Piekering found that the mol. depression of the f.p, of sob. of calcium chloride 
rises steadily with soln. containing lees than 0‘4 per cent, of calcium; there is 
then a break in the curve, and also a second break when the soln. has 2'4 per cent, 
of the salt. The lowering of the f.p. of soln. with 0'QIGG mol per litre is 0 0513°; 
01004 mo), 0 4823°: 0 5021 mol, 21505°; 2*0 mols, 17'867°, The f.p. of sob. 
of strontium and barium chlorides have likewise been measured by S. Arrhenius, 

E, H, Loomis, H. C. Jones and F. H. Getman, H. C. Jones and V. J. Chambers, 

F, Riidorff, and by L. C. de Coppet. With all three chlorides of the alkaline earths, 
the mol, lowering of the f.p, increases with increasing cone. 

The cryohydric or eutectic temperature with water and calcium chloride, 
CaCI a .6H 2 0, is —55°, according to H. W. B* Roozeboom, 23 with soln. containing 
one part of calcium chloride in 14 G of water. According to F. Guthrie, the cryo- 
hydric temp, of strontium chloride is—17°to—18°. L.C. de Coppet gives —187°. 
According to F. Guthrie, also, the cryohydric temp, of barium chloride is —8° 
with sob. contabmg 23 2 per cent, of BaCl 2 .2H 2 0; L. C. dc Coppet gives —7 85° 
with soln. containing 25'1 parts of BaCl 2 per 100 parts of water ; F, Riidorff gives 
—8 7°. The cryohydric point is the lowest temp, which can be obtained by mixing 
iae and the salt in question, consequently hexahydrated calcium chloride is far more 
suited than dihydrated barium chloride for making a freezing mixture. H. Hammer! 
obtained the data indicated in Table II, for hexahydrated calcium chloride used 
as a freezing mixture. 


Table II.— Calcium Chloride and Snow 

as a Freezing Mixture. 

KUoffrima of snow At 1U* . 
mixed wit h % kLLoflifun 
of CiUVSHjO. 

Heat absorbed In Cals, 
pur kilnpram. 

Temp, when All anow 

Is mrlud. 

0 35 ; 

522 

9° 

U-45 ! 

rm 

-j4-r 

0-53 

iifl7 


0 A4 

730 


(V00 

743 

-49 6° 

070 

779 

-54U a 

0'74 

811 

-48 2° 

0-81 

871 

-403" 

0-91 

000 

-305° 

MS 

1100 

-22^° 

1-39 

1310 

-18-3° 

1‘04 

1518 

-14T 

2-40 

2189 

- 9<F 

402 

4130 

- 4 0" 


Although H. Lescoeur® 4 supposed that the btroduction of hydrogen chloride 
into an aq. soln. of calcium chloride will not precipitate the salt, both R. Engel 
and A, Ditto have shown'that the solubility of calcium chloride is depressed in the 
presence of hydrochloric ocwJ, as in the analogous cose of sodium chloride; thus, 
expressing quantities in grams per 100 c.c. of soln., at 0°; 


HC1. 

. 0 

3-32 

5-83 

10'00 

15'84 

23 15 

34-02 

CaCl, 

, Bill) 

40'45 

42-80 

30-77 

20-34 

2QT2 

11-29 

Sp. gr 

. 1-367 

1 344 

1-320 

1310 

1-283 

1-259 

1-238 
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Similarly with strontium chloride and hydrochloric acid at 0* : 

HC1 . 0 222 4'fi6 «-49 10-35 1358 1923 

HrUJj , 49 9 35-5 300 21 50 1744 11-00 3 37 

tip. gr, . 1334 1-304 1-200 1220 1201 1107 1'133 

In 1843, 0 . J, B, Karsten, and also S, Schlesinger, found that the solubility of barium 
chloride in hydrochloric.acid is lees than in water ; that barium chloride is scarcely 
soluble at all in cone, hydrochloric acid ; and the salt is precipitated from sat, aq, 
soJn. by hydrochloric acid. R, Engel showed that with barium chloride and 
hydrochloric acid at 0 ^ as in the two preceding tables :' 

BC1 - 0 I’fll 4-50 013 7-55 1081 lti-92 

JlaCl 2 - 2407 20 14 12-76 9 37 633 204 028 

Sp. gr. . 1-250 1-210 1143 1118 L099 1079 1-088 

According to E. W, Mar, leas than one part of barium chloride is soluble in 20,000 
parts of cone, hydrochloric acid, and in 120,000 parts of hydrochloric acid con¬ 
taining one-sixth of its vol, of ether. The solubility of these salts is also lowered by 
the presence of alkali chloride; thus G. J, Mulder found 100 grms< of water dissolve 
fid 5 grins. CaCl 2 in the presence of 4 0 grins. of KOI at 7* ; 50 5 grins, CaCI 2 with 
4 6 grins, NaOl at V ; 57'6 grms. of CaCl 2 with 2'4 grms, NaCi at 4° ; and, according 
to E, Riidorff, 72'6 grms. of CaCl 2 with 1 G grms, NaCi at 15 a , H, W. Foote found 
100 grms, of a sat. soln, contains 13'83 gnus, of barium chloride and 18'97 grms, of 
potassium chloride at 25° ; and there is no sign of the formation of a double salt, 
H. Brecht and B, Wittjen, and F. Riidorff have measured the effect of sodium 
chloride, and found that at 20°, a soln, containing 25 per cent, of NaCi dissolves 
2 9 per cent, of BaCI 2 ; and at KI 0 °, 22 2 per cent, of NaCi and 118 per cent, of 
BaClg, H. W, Foote and H, S> Bristol found that barium chloride unites with 
mercuric chloride, forming a series of double salts, 0, J. B. Karsten, and 
S, Schlesinger found that nitric acid precipitates barium nitrate from a sat. aq. 
soln. of barium chloride, and hydrochloric acid precipitates barium chloride from 
a sat, aq. soln, of the nitrate, A. hltard found the eflect of barium nitrate on the 
solubility of barium chloride, C. J. B. Karsten showed that the addition of either 
salt to a sat. soln. of the other does not precipitate either salt, and, accordingly, 

T\ N. Evans assumed that a double salt is formed. C. J. B, Karsten also showed 
that no salt is precipitated when soln. of barium chloride and potasdum nitrate, 
sat, at 7 5°, are mixed; and that sodium nitrate dissolves readily in sat, soln, of 
barium chloride with the precipitation of barium nitrate; while barium chloride * 
dissolves but slowly in a cone, soln. of sodium nitrate and becomes coveted with 
crystals of barium nitrate, K. W. Pearson found that acetic acid, ammonittm acetate, 
and chloride dissolve barium chloride with greater difficulty than dib 

hydrochloric acid; 5 to 5'b vols. of dll. aqueous ammonia dissolve as much barium 
chloride as 4 vols. of water. According to C, J, B. Karsten, pieces of ammonium 
chloride dissolve in aq. soln. of barium chloride, while barium chloride separates 
out; barium chloride dissolves in a sat, soln. of ammonium chloride, and later 
the salt separates out again, F, Biidorif found that a sat. soln. of both salts, 
formed by warming and cooling at 20°, contains 33 8 parts of NH 4 O and ll fi of 
BaClg per 100 parts of water—the composition is not altered by adding either ealt. 
Calcium chloride is readily soluble in ethyl, propyl, isohutyl, and amyl alcohols. 
From E, Btidtker’s measurements the solubility of calcium chloride in ethyl alcohoi 
increases as the cone, of the alcohol increases, but, as A, Gerardin has shown, the 
converse obtains with strontium chloride—for, at 18°, 100 grms. of <5 per cent, 
ethyl alcohol dissolve 49'81 grms, of strontium chloride, while 100 grms, of 91 
per cent, alcohol dissolve 3'2 grms.; the same conclusion follows from H. Schiffs 
and P. Eohland’s measurements with barium chloride—for, at 15 a , 100 grms, of 
10 per cent, ethyl alcohol dissolve 31T grma. of BaCI^.aHaO; and 100 grms. of 
97 per cent, alcohol dissolve 31'1 grms. of BaCl E , 2 H a O; and 100 grms, of 97 per cent. 
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alcohol dissolve 0 014 grm. of BaClg.SHgO. According to 0. Ah L, da Bruyn, 
100 grm&. of absolute ethyl alcohol at 6* dissolve 3 3 grms. of SrGg.GHeO; and 
100 grms. of absolute tnethyl alcohol at 6°, 63 3 grms. of SiOgH6H 3 0; or 7'3 grms. 
of BaCls.SHjjO; and at 155 & , 218 grms. of B&C1 S . According to A* Schlamp, 
100 grins. of pro^l alcohol dissolve 1075 grms. of CaClg. According to P* Eohland, 
one part of BaCV2H a O dissolves in 78 naris of methyl alcohol of ap. gr. 0790 (15°) 
at room temp. ; in 7000 parts of ethyl alcohol of sp. gr. 0 8035 (16°); and in 100,000 
parts of propyl alcohol of sp, gr, 0 8035 (15°), According to R. Freaenius, one part 
of barium chloride dissolves 7500 parts of absolute alcohol (99 3 volumes per cent.) 
at 14°, and in 4800 parts of the boiling alcohol; and one part of strontium chloride 
dissolves in 111 6 and 262 parts of the same alcohol at 14° and at the b.p. respectively. 

According to T. Graham, anhydrous calcium chloride unites with ethyl alcohol, 
forming a compound CaCl^.aC^HjOH with alcohol of crystallization, P, Einbrodt 
objected to the evidence of chemical union, but R. Kane obtained a complex with 
methyl alcohol, CuCl £ *4CH a 0H, which is analogous to A. Chodnew’s view of the 
composition of T. Graham's compound, viz. CaCl 2 .4C 2 H 5 QHH J. B. Hcindl pre* 
pared a scries of compounds with ethyl, isobutyl, and amyl alcohols with the 
general formula CaCl a .3ROH—where R represents the radicles C a H s , C 4 H 9 , or C 6 H u . 

E. Liunemaun also made a compound with isopropyl alcohol. B. Vollmer measured 
the electrical conductivity of soln. of calcium chloride in ethyl alcohol, A. Schlamp 
in propyl alcohol. J. Wolf or determined the effect of calcium chloride on the b,p. 
of alcohol. The results show that calcium chloride in ethyl alcohol is partly 
ionized. According to L. Caillctet, calcium chloride is insoluble in liquid carbon 
dioxide. W. Eid uiann found calcium and strontium chlorides to be soluble in acetone ; 
and barium chloride insoluble. A. Lieben found a scries of double compounds are 
formed with the fatty aciils — eg. with butyric acid, CaCL£. 2 C 4 HgO£, 2 H s O; 
CaClg^atC^H^OaJjjACiHgOa ; and CaCI 2 ,C 4 H 8 0 2 . P, B. Davis and co-workers 
measured the conductivity of solm of barium chloride in formamide. According to 
A. Kohler, 100 gnus, of a sat. solm contain 42 84 grms. of sugar and 25 25 grms. of 
calcium chloride; and, according to C. A. L. de Bruyn, 100 parts by weight of 
glycerol dissolve 10 p arts of ti ari um c hloride at 1 a "5 D . L. Kahlenberg and 

F, C. Krauskopf say that calcium and strontium chlorides are very slightly soluble, 
and that barium chloride is insoluble in dehydrated pyridine t while calcium and 
strontium chlorides are soluble in pyridine with over 3 volumes per cent, of water, 
and barium chloride is insoluble in pyridine with G per cent, of water and slightly 
soluble in pyridine with 7 per cent, of water. 

The crystals of dihydrated barium chloride have a jiositivc double refraction. 
A, des Cloizeaux gives the indices of nlr&ctiotn for the red rays, a -1628; 
0=1'64; y—1’657 ; and for the yellow rays, a=163S ; /3=1'646 ; y=166G 
The index of refraction of soln. of calcium chloride has been measured by V. S. M. van 
dor Wiliigen, H t C. Jones and F. H. Getman, J t H, Gladstone, and G. J. W. Bremer. 
The following is a selection from G t J, W, Bremeris results for the D-line : 


Table UI.—Refra^-tion Cowstantb of Solutions of Calcium Chloride, 


Per cent. 

CadLj. 

1 

Tetnp. 

p 

1 

j HfMff., O. 

p i 

(?*+£) 0 

7-0110 

20° 

I‘35039 

f 

1 05380 

0002525 | 

* O 2O404 

10-9749 

17° 

1 '35097 

1-00053 

0003357 | 

0*20344 

13-088* 

16° 

i *36031 

i 1-11130 

0-00252U , 

0-20175 

lSflfiflfi 

\r 

i 

1-38230 

i 1-17210 

1 i 

0-003544 . 

i ; 

0*13013 


This is in agreement with the view that the difference p — is proportional to the 
cone.; and the Lorens and Lorcntz's formula summarizes the effects very well. 
P + Barbter and L. Roux have measured the dispersion of soln. of calcium ebbtide. 
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A. fl. Hknfcel and H. Lindenberg 27 found the orystale of dihydrated barium chloride 
to be electrified on wanning. H. Jahn gives the mob dectromagnetic rotation 
of the plane of polarization of sob. of calcium chloride, 9 39 (water unity) ■ strontium 
chloride, 971; and barium chloride, 1G'091 P, Bary found the salt# to fluoresce 
in the Bbntgun rays and Becqaerd rays. Molten calcium chloride is a fairly good 
conductor of electricity. 

During the electrolysis of fused calcium chloride, there appears at the cathode a red 
pleochroic crystalline product which has a composition approximating oalQfum mbehtofMe, 
CaCJ. A* Guntz and H. Basset lft did not make calcium Hubchloride by melting calcium 
with calcium chloride in a neutral atm., contrary statements arc said to be based on a 
product containing a mixture of calcium hydride, CaHg, and chloride. F, Haber and 
3. ToUoczko claim to have obtained an almost theoretical yield of barium subchloride, 
BaCl, by tho clectrolyeiH of solid barium chloride in an atm. of nitrogen at 0OQ a , and the 
failure to obtain metallic barium by the electrolysis of fused barium chloride is attributed 
to the formation of this product. A, Guntz also claims to have made this compound by 
heating in an iron boat a mixture of barium and barium chloride to 850* in vacuo. Barium 
subchloride is said to be a brown crystalline substance which develops hydrogen when 
treated with water. It is difficult to obtain this compound in a pure state, because* says 
A. Guntz, if thD attempt be made to volatilize the excess of barium, tho barium flubchloride 
decomposes at 1000° into BoCl s and barium. F. Haber and 3, Tolloczko calculated tho 
heat of formation of BaCl to be 1158 Cafe, 

W> Hampe 29 found a similar remark applies to fused chlorides of strontium 
and barium, and K. Arndt has investigated the electrical conductivity of the fused 
salts. According to K, Arndt and A, Gesslur, the eq, conductivity at 9Q0 a of 
calcium chloride with 36‘2 gram-eq, per litre is A ^{J41; 34 0 gram-eq. of strontium 
chloride per litre, A—58'2 ; and 30 D gram-oq, of barium chloride per litre, A=561* 
According to K. Arndt and K. Willner, the decomposition potential of fused calcium 
chloride at 800° is 324 volts; strontium chloride, 340 volts; and over 3'3 volts 
barium chloride. The electrolysis of soln, of calcium chloride gives hydrogen and 
calcium hydroxide at the cathode, and chlorine oxygen, hypochlorite, and chlorate 
at the anode. The mechanism of the chemical reactions w involved is analogous 
with that which occurs during the electrolysis of the alkali chloride (fl.t?,). 

The electrical conductivities of soln. of calcium chloride have been measured 
by J. G* MacGregor, 31 H, C. Jones and F. H T Gctman, S. Arrhenius* and C* Heim, 
F. Kohlrausch has measured the eq. conductivity, A, at 18*. H, C* Jones and 
co-workers gave for the moL conductivity, pi, and the percentage degree of ioniaation, 
a t of soln. with a mol of the salt in tj litres of water : 
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The same subject has been considered by G. Kummell, and J. DruckeT, Tho temp* 
coetf. of the conductivities of the chlorides of the alkaline earths have been studied 
by H, C. Jones and A. P* West, H* C, Jones, and A. 0. MacGregory and F* Kohl¬ 
rausch. C. Heim detected no abrupt change in the eleotrical conductivity of 
cone* soln. of calcium chloride in their passage to the supersaturated state. According 
to J* Ttdtsch, a per cent. soln. of calcium chloride is the best conductor, and has 
the smallest temp, coeff.; he considers this phenomenon is not explained satis¬ 
factorily by assuming the formation of hydrates* O. Gropp studied the effect of 
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temp, on the conductivity of liquid and frozen sob. of calcium chloride; 6 . Dickhaus, 
the effect of temp, on the conductivity of aq. sola, of barium and calcium chlorides. 
S. Lussana has studied the effect of press, on the conductivity of win, of barium 
chloride ; and E. MacKay measured the conductivity of mixed sdn. of barium and 
sodium chlorides, G. N. Lewis and G. A. Linhart measured the degree Ot 
ionization of solu. of barium chloride; and G. N. Lewis and M. Randall, the 
activity coeff. of the ions. According to 8 , Arrhenius, tjic heat of ionization of 
barium chloride at 35° in jyr-soto. is —307 cals. S. von Losczynsky and S, von 
Gorsky found a sain, of calcium chloride in pyridine is a non-conductor, J, C. Ghonli 
measured the conductivity of sola, of barium chloride in mixtures of pyridine and 
water; and A, Schlamp, of calcium chloride in a number of non-aqueous solvents. 
A. B. Bryan measured the conductivity of planes charged with calcium and 
barium chlorides. 

The transport numbers of the anion Cl' with sob. of the alkaline earth chlorides 
have been determined by W. Hittorf, A, Weiske, W. Bein, B. D. Steele, etc. 32 The 
transport number with calcium chloride rises from 0'553 for O OlA'-soln, to G'715 for 
Etf-soln,; from Q'625 for O'SA'-sob. to 0715 for 2tf-soh t of strontium chloride; 
and from 0 576 for G'SAT-soln. to (J'fi33 for 2A t -bo1u. of barium chloride. The increase 
in the transport number with increasing cone, has led to the assumption that complex 
ions BaCy and Bad/' are formed, A. Heydweiller found the dielectric Constant 
of anhydrous barium chloride to be 311, and of the dihydratc 414, for A—478 cms. 
The value for the contained water in the hydrated salt is 6'3d, showing that the water 
is profoundly modified. 

The chemical properties of the chlorides o! the alkaline earths — K. Kaiser m 
found that hydrogen converts calcium chloride at 700 & into calcium hydride. 
According to H, Schulze, when chlorides of the alkaline earths are euMned in 
oxygen gas they are transformed into the oxides and chlorine, and, even in air, 
there is evidence of the same reaction as shown by E. Kraus, J. 0. G. de Marigmm, 
J, B. A, Dumas, and T. W. Richards. With barium chloride, the oxidation proceeds 
lees readily than with the calcium salt, H, Schulze also showed that if the chloride 
be heated with chlorate, it ia oxidized and chlorine gas is liberated. According to 
H. Kunheim, when calcined in a stream of water vapour, calcium chloride is less 
easily decomposed than magnesium chloride, and more easily than barium chloride, 
and, according to T. J. Pelouze, the reaction in incomplete, presumably CaCl £ 
+2H 2 Oi=*C&(OH) 2 +2HCl + E t Solvay says the reaction is accelerated when china 
clay or silica is present, C, Gopner says that hydrogen chloride transforms 
calcium oxide into a stone-like mass containing 40 per cent. CaCl 2 and 60 per cent, 
Ca(0H) a , G. P. A. Petzholdt found that when strongly heated with carbon dioxide, 
the chloride of the alkaline earth is partly decomposed, and, according to F. Haber 
and S. Tolbozko, the thermal value of the reaction: 2 CaCl 2 4 ' 2 C 0 2 + 0 2 
“2CaCQa+2Gl 2 +3 + l Cals,; and with barium chloride, 237 Cals. Calcium chloride 
which contains some oxide, absorbs carbon dioxide, a fact which 0, L t Erdmann and 
H. Hess found requires attention when carbon dioxide is being dried by calcium 
chloride. 

Calcium chloride, said H. Moissan, is attacked in the cold by fluorine, and chlorine 
is disengaged. J. Post, and A, Gorgeu say that an oxychloride is formed by the 
action of moist chlorine on red-hot calcium chloride, and that the oxychloride is 
impure because it is partly decomposed by the water. W. L. Goodwin showed 
that chlorine dissolves more copiously in sob, of calcium or strontium chloride 
than in water, and although no chlorohydrate separates out on pooling, it is 
supposed. that the sob. contains calcium or strontium, polychloride, A. Potilitrin 
and M. Berthelot found that bromine partially converts calcium, strontium, 
or barium chloride into the bromide, in a sealed tube at 400°, A 40 per 
cent, eoln. of strontium chloride dissolves three times as much bromine or nine 
times as much iodine as water, and the bromine is expelled by passing a current 
of air through the diluted sob. The reactions are exothermal. There is only 
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a very slight substitution of the chlorine by the bromine or iodine, and hence, 
adds M* Berthelot, strontium ehlorohromide or chloroiodide must be formed. 
Similar remarks apply to the barium salt: ItoCl^+tB^BaBre+SBrClH-ieA Gals*; 
but A* Potilitzin objects to this hypothesis. According to W. T. 0, Casselmann, 
phosphorus oxychloride, POCI 3 , at I00°/transforma barium chloride into a jelly. 
V. Merz and W. Weitb found that if potassium iodide be melted with barium 
chloride, in air, iodine is evolved. 

According to L, Smith, molten calcium chloride dissolves calcium oxide, but, says 
K. Arndt, no oxychloride is formed. At HfJO*. 5'4 per cent. CaO is dissolved; at 
850 & , 5'6 per cent, ; and at 900°, 7'3 per cent. The solubility is not appreciably 
affected by the addition of calcium fluoride. The cooling curve allows that a solid 
soln. not a compound is formed. K, Arndt found similar results with strontium 
chloride and oxide; a sob. sat. at U10 u contains 34'4 mols of SrO to 10(H) of SrCl 2 ; 
with barium chloride and oxide, a eutectic ia formed melting at about 87tf, and 
containing 111 mols of BaCI 2 to 473 mols of BaO. B. Zahorsky studied, the solu¬ 
bilities of lime in soln. of calcium chloride—wde calcium hydroxide, P. Berthier 
studied qualitatively the product obtained by fusing calcium sulphide and chloride, 
or barium sulphide and chloride ; J* W* Doberemer, mixtures of strontium chloride 
and sulphate; and P. Berthier, barium chloride and sulphate. According to 
H* Caron, when an alloy of sodium with lead, bismuth, antimony, or zinc is heated 
with strontium chloride, an alloy of sodium and strontium is formed* A. Rosens 
thiel says that calcium chloride, at a high temp., undergoes double decomposition 
with barium hydroxide or sulphide ; 0. J. B. Karabcn, with barium carbonate ; 
G. Lunge, with calcium sulphide ; and G. Borsche and F. Bribes, with magnesium 
carbonate in an atm* of carbon dioxide: MgCOu-hGaGl^^MgCl^-hLaC0 3 . A sob. 
of potassium dichromate was found by M. Frud’homme aud E. Binder to precipitate 
normal barium chromate from a sob. of barium chloride: IwCr^Ov-bBaCl^ 
- ^BaGj-0 4 -i-2KCl-hOO a , ■ F. Ullik also noted that on evaporating a soln. of a little 
Strontium sulphate ill calcium chloride, a little strontium chloride is formed which 
can be extracted from the residue by alcohol. According to H. A, von Vogel, 
acetic, phosphoric, and boric acids displace a part of the chlorine from calcium 
chloride ; the same observation was made by E. L. Salkowsky with respect to the 
action of nitrous anhydride. H. Schulz says that nitric arid partially converts 
a sob. of the alkaline earth into nitrate. M* Prud’bomme and B, Binder found that 
carbonic arid at a low temp, and under press, decomposes sob. of the chloride of 
the alkaline earth, forming hydrochloric acid and calcium carbonate. The vapour 
of xttlphuric anhydride, says JET* Rose, docs not act on anhydrous barium chloride; 
but, according to S. G, Pickering, sulphuric arid ur a soluble sulphate gives a 
turbidity in a sob. containing 0 0000012 grm. of barium chloride per c.c. A sob. 
of potassium carbonate also converts a sob. of barium chloride into carbonate, a 
reaction studied by J. Bev&d, who found that the S|>ced of precipitation is greater 
the more cone, the sob. of the chloride, and is greatest with the barium salt and 
slowest with the calcium salt* M. M. P. Muir has studied the conditions of equilibrium 
between sob. of calcium chloride and the alkali carbonates, J. Piccard studied the 
action of aq. phosphoric arid on *oln. of calcium chloride, and found that the 
product behaves like a mixture of normal calcium phosphate and hydrochloric 
acid, and that hydrogen chloride is given off when evaporated. The repeated sob. 
and evaporation at 100° of equi molar parts of phosphoric acid and calcium chloride 
gives a residu£ of calcium hydrophoaphate, CaHFO*, with the evolution of hydrogen 
chloride; if more calcium chloride be employed, the excess remains unchanged; 
and with double the proportion of phosphoric acid, calcium dihydrophosphat*, 
CafHgFO^g, is produced* C. J. B. K&rsten noted that sodium hydroxide dissolves 
in sob. of calcium chloride without the separation of calcium hydroxide; and that 
sob. of sodium chloride dissolve more calcium hydroxide than water does. 
8. Ohmnanoff, and W* A* BurdakofE studied the effect of mixing sob. of patasrium 
hydroxide of different cone, with aq. sob. of calcium chloride, and when the sob. 
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are mixed in the converse way. A. Tixier proposed to heat various silicates with 
calcium chloride to form chlorine, or if water vapour he present hydrogen chiorjiiy 
The alkali chlorides and undecompoaed chloride can be dissolved out by wafrr - 
and the residual lime and the aluminium silicate decomposed by hydrochloric acid 
The aluminium and calcium chlorides are* evaporated to diyness, heated to 300°, and 
the residual alumina washed with water. The chlorides of the alkaline earths 
are but incompletely reduced when heated with mflgneritttn* 

J, J* Berzelius M noted in 1824 that anhydrous calcium chloride absorbs ammonia 
gas and at the same time swells up, cracks, splits in all directions, and at last falls 
to a white powder; according to H* Rose, with the vitreous salt, the initial absorp¬ 
tion is rapid, and slows down towards the end ; ho also found the product of the 
action occupies 20 times the original volume of the solid, M* Faraday noted that 
the absorbed ammonia is expelled on heating, and the chloride remains chemically 
unchanged; and he added that vitreous barium and strontium chlorides slowly change 
in ammonia gas after many days' exposure—about 2 grms* of strontium chloride 
absorbed about 16'4 c.o. of the gas in a fortnight, and " a alight efflorescent appear¬ 
ance was seen on the broken edge/ J T. Weyl showed that the absorption by barium 
chloride is greater under press., and that the absorbed ammonia is rapidly lost on 
exposure to air. A. Joantiis condensed liquid ammonia at —30° on still warm freshly 
prepared vitreous barium chloride in a tube provided with a stop-cock* When the 
action was complete, the stop-cock was opened and the tube warmed to 0 fl * The 
excess of ammonia escaped. The composition of the residue corresponded with 
barium tetrammiiio-chlorido, BaCl 2 , 4 NH B , The vap* press, at 0 ° is 541 mm.; 
and at 28'4 a , 1850 mm* The press, remained constant until all the ammonia had 
escaped, showing that a lower ammino-compound was not formed at this temp* 
H, Rose regarded the product formed by strontium chloride and ammonia to be 
strontium octammino^hloride, SrCl a * 8 NHa; and with the calcium salt, calcium 
octammino^chloride, CaCl a , 8 NH B , According to F. Isambert, the dissociation 
press, of calcium octam mi no-chloride at 0 ° is 120 mm., and at 462°, 1551 mm, 
C. Antoine represented the vap. press., p mm,, of calcium ammino-chloride by 
l°g P^= 21361-H) O230. The compound inflames spontaneously in chlorine gas, 
forming nitrogen chloride; it dissolves in water with the evolution of ammonia, 
F. Isambert inferred the existence of Calcium tetrammino-chloride, CaClo.4NH 3 , 
and of caldumdiunumuo^hlaridfl, CaCI 2 .2NHg, from the arrests in the press, curves 
of the dissociating octammino-salt, and from the heat developed per mol of ammonia 
when the product is dissolved in water—for CaCij;. 2 NH a , 14 03 Cals.; for CaClgANHj, 
1216 Cals.; and lorCaC^-SNUg, 12'16 Cals* per mol of ammonia, R. O* E. Davis 
and co-workers measured the vap, press* of ammoniacal soln* of calcium chloride. 
L* Crismer as obtained impure compounds of calcium chloride with hydroxitlamim, 
and G. N. Antonoff a series of compounds with CaCl 2 : NH a OH: H a O as 2 : 1 : 5 ; 
2:3:6; 1 : 2 : 0 ; 1 : 2 : 1 ; 1 : 2 : 2 ; 2:5:4; and GaCl a , UNHgOH. HOI. 

G* N* Antonofl also made 2 SrCl 2 . 5 NH 2 OH. 2 H 2 O; and 2 SrCl 2 . 9 NH a QH, 3 HCl*H a 0 . 
L. Crismer and G* N. Antonoff also made BaCI E *NH a 0 H. 2 H £ 0 . 

F, A. H* Schreinemakera and W* C, de Baat M have studied the quaternary system, 
NH^Cl—CUCI 2 —;Bad a —H a O; NaCl-CuCy-Ba(V-H a O; and KCl-CuCl^ 
—BaCljp-HgO, in addition to the corresponding ternary system, with the alkali or 
ammonium chloride, cupric chloride, and water; and the ternary systems, CuCl a 
—Ba(V-H a 0 and BaCl a - K.CI—HjO, In neither of the two latter is there any sign 
of a double salt. 4 

The baric chlorides at the alkaline earths —Calcium oxychlorides have 
been reported by <F* B, Trommsdorff, C. F* Buchholz, and 0. L, Berthollet ar [vide 
supra). H. Rose made calcium oxychloride by boiling calcium hydroxide (G'4 
part) with calcium chloride (15 ports) and water (5 parts), and filtering the hot soln. 
Needle-like crystals of calcium oxychloride, 3CaO.CaCl2.15 or 15H a O, separated in 
a few hours; they were dried between filter paper in sm atm. free from carbon 
dioxide. G. Andre used 100 gnne. each of Lexahydrated calcium chloride and water, 
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and 10-16 gnns t of powdered calcium chloride* B. Zahoisky made this salt by 
treating hydrochloric acid with an excess of lime- The formula for the calcium salt 
haagivenrise to some discussion—A. Ditte* andG. Andr6 gave leH^O; T.BeesWy, 
14^0; H. Rose (1864) later gave 2CaO,CaCl 3 .H a O. B. Zahorsky gave 15H S 0; 
andH. Grimahaw, 30aQ.CaCI 2 .15H 2 0* orCaCI.0.Ca(0H)H-7H 2 0. F. A. H. Schreine- 
makers and co-workers have studied the ternary system, CaO—CaCl^HjO, at 
different temp., and found at 10 c the results indicated in Fig. 14. The solubility 
curve is abode, where oh refers to Ca{OH) a sola, in equilibrium with Ca(GH) a as 
solid phase ; bc t to CaCl2.3CaG.16H 2 G as solid phase ; of* to CaClj.CaO.SHaG 
as solid phase; and de } to GaQ^bH^G as solid phase. Similar solid phases 
were obtained at 25°, but at 50° the solid phases in equilibrium with the soln. are 
CaO £ -Ca0.5(oT 4)H 2 0, CaCl ? .Ca0.2H a 0, Cafcl a *2H 2 O t and Ca(OH) 2 * G. Amto made 
crystalline plates of strontium oxychloride, SrO.SrCl^SJH^Q, in a similar manner 
to the process employed for the calcium oxychlorides. G> Andr£ also reported 
SrO.SrCl 2 with 12, 14* and 15H 2 0. J, Milikan's study of the ternary system 
SrO—SrOi 2 —H 2 0 at 40° gave as solid phases Sr(0Hj 2 ,8H 2 0 ; SrCl a .SrO.DH a O ; 
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CflO-CaCl, -HjO, at 10°, SrO-SrC]^H*0* at 

and SrCl 2 . 6 H 2 0 . In Fig, 15* the curve ah refers to solm in equilibrium with 
SriOH^SH^O; 6 c* with SrCI^SrO.flH^O ; and c d, with SrCl 2 .4H 2 0 at 25°, the 
zone of stability of the oxychloride becomes very small, and at 0 ° disappears. 
E. Tassily, and G. Andre also made crystalline plates of barium oxychloride, 
BaO.BaCI 2 . 5 H 3 O, in a similar way by dissolving barium oxide in a cone, soln. of 
barium chloride. E. Beckmann reported the formation of an oxychloride, 
Ba(OH)C1.3H 2 OorBaCl 2 ,Ba{OH) 2 .4H s O J by the action of baryta on a soln, of barium 
chloride in cone, hydroehlorio acid. This was confirmed by F. A. H, Schreme- 
Tuakers whose study of the ternary system, BaO—BaCI^H^O, at 40 c , gave a reBult 
obtained later by J. Milikan for the strontium oxychloride* but the solid phases were 
Ba{ 0 H) 2 - 8 H 3 0 ; Bads.BaO.SHaO; and BaCl a / 2 11*0. 

The heat of formation of G + Andre’s (CaCl 2 .3CaO, IfiHaQuyuid) was 92*006 Cals.; 
with the lGHaOwiM, G9126 Cals.; (SrO* SrCls.GHaOiujuu), 2444 Cals.; or with the 
BHaOinm, 18 01 Cals, E, Tassily gives (BaCl 2 , BaO* 5H 2 0 B ud), 39 2 Cals,, or with 
^Ouauid* 32 2 Gals. The heat of soln, of a mol of Sr0.SrCl 2 ,9H 2 0 in a dil. soln, 
of two mols 0 ^ Hd at 22 ° is 8 36 Gals.; with a mol of Ba 0 .BaCl 2 , 5 H 20 under 
similar conditions, 18'5 Cals. The crystals of the calcium salt lose the eq, of 14HgO 
in vacuo ; the harium salt loses 4 H 2 G at 120 °. Water or alcohol decomposes the 
oxychlorides* so also do aq. soln. of ammonium and the alkali chlorides. Glycerol 
readily dissolves the calcium salt. Carbon dioxide forms the carbonate, but* accord¬ 
ing to E, Beckmann* at ordinary temp, carbon dioxide scarcely attacks the harium 
salt* which has been partially dehydrated at 12G D r but at a red beat it is rapidly 
decomposed. According to P. A* Bollcy, dry chlorine forme hypochlorite. 
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decomposed by veld water, but much more readily attacked by the DQilwg aoivr^, 
being thereby converted into the chloride and fluoride of barium; dil> acetic, hydro- 
chloric, or nitric acid effects a similar decomposition; it *is soluble in cone, hydro - 
chloric or nitric acids, whilst hot sulphuric acid decomposes it into barium sulphate, 
hydrofluoric, and hydrochloric acids. It is not changed by fusion with manganese 
chloride, hut converted into barium fluoride on fusion with barium chloride. 
Strontium flnorochloride, SrF^SrCla, ep.gr. 418, and calcium fluorochloride, 
CaFa.CaCfla, ap.gr* 3 07, were prepared in a similar way. They resemble the barium 
salt, but are more readily dissociated by water. 0, Rufi and W. Plato found 
mixtures of barium fluoride and chloride have a eutectic at about 860° and 86 molar 
per cent, of barium chloride; and mixtures of calcium fluoride and chloride a 
eutectic at about 6G0 a , and 78 molar per cent, of calcium chloride ; there is also a 
break in the curve at about 700° and 50 molar per cent, of calcium chloride— 
Gad E ,GaF 2 . 

W. Plato found that the Ip, curve of csicium fluoride with calcium chloride 
gave a minimum at 644°, and 80 mols per cent, of calcium chloride; and a break 
in the curve at 737°, corresponded with the formation of calcium fluorochloride, 
CdP s .CaCl 3 ; with strontium chloride and fluoride there are two eutectics at 751* and 
945* with respectively 36 and 89 mols per cent, of strontium fluoride, the intermediate 
maximum at 955* corresponds with the formation of strontium fluorochloride, 
SrF^.SrCla; and with barium chloride and fluoride the two eutectics are at 942° 
and 845° corresponding respectively with 30 and 80 mols per cent, of barium chloride, 
the intermediate maximum at 1005° represents the m.p, of barium fluorochloridc, 
BaF z ,Bad£. 

0. Sandonnini 3e showed that lithium and calcium chlorides lurnish a continuous 
series of mixed crystals with a sharp minimum temp,, Fig. 16, at 492° and 36'4 
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Figs* 10 to 20.—Freezing-point Curves of Binary Mixtures of Calcium Chloride with 
Lithium, Sodium, Polonium, Cuprous, and Silver Chloride, 


molaT per cent, of calcium chloride. Mixtures with 10-60 molar per cent, of calcium 
ohloride show an evolution of heat after solidification. This corresponds with a 
breaking up of the solid solm very near the temp, of crystallisation. Sample 
eutectics are obtained with lithium chloride and strontium or barium chloride—in 
the former case at 492* and 48 molar per cent, of SrClj ; and in the latter case at 
510* and 33 molar per cent, of BaCl 2 , 0, Menge found that mixtures of molten 
calcium chloride with sodium, potassium, cuprous, or silver chloride are miscible 
in all proportions. E, Yorfcisch, and H. Gemsky found that the f.p. curve of binary 
mixtures of sodium and barium chlorides has one typical V-eutectic at G06° for 39 
molar per cent, of barium chloride. H. le Chatelier noted the break in the curve 
corresponding with the transformation of a- to jS-B&Cly. With mixtures of 
sodium and strontium chloride; and with sodium and calcium chlorides, 
F. E. E. Lamplough, and K. Scholich obtained a V~eutectio at 506* with 53 molar 
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per cent* of calcium chloride* For the last case, 0* Mange obtained a break corre¬ 
sponding with ttxfturo hmadihrowkwle, 4NaG.CaCI 2 , Fig* 17, but this Lae not been 
confirmed by other observers. 0, Sandonnim measured the sp, gr. and electrical 
conductivities of the fused mixtures, and obtained no evidence of the formation 
of a compound. 

0. Menge obtained a maximum with mixtures of potassium and calcium chlorides 
corresponding with potassium calcium trichloride, KCl.CaCl 2 , or KCaCl 3 , m,p* 
754°, with two eutectics at 641° and 597° corresponding respectively with 19 and 65 
molar per cent, of potassium chloride, Fig. 18. W, Moldenhauer and J, Andersen 
determined the m*p. of mixtures of the two chlorides* The existence of the double 
salt was confirmed by K, Scholich. C. Sandonnini measured the ap, gr, and electrical 
conductivities of the fused mixtures, and obtained evidence of the formation of 
a compound. Evidence of the formation of complexes of the chlorides of the 
alkalies and alkaline earths was obtained from a study of the heats of dilution of 
mixed soln. by G. McP. Smith and co-workers. With strontium and potassium 
chlorides, K. Scholich obtained long rhombic prisms of potassium strontium 
tetrachloride, 2KCl.SrCl fl , m,p. 597° ; and what are probably monoclinic prisms of 
potassium strontium pentachloride, KC1.2SrCI a , m.p. 638°. H. Gcmsky obtained 
the m.p. diagram, Fig* 21, for mixtures of barium and potassium chloride; there 



are two eutectic temp., Ex and J£ 2 respectively, at 672 a -680 o and 662 5 -660*. The 
maximum between the eutectics corresponds with the formation of potassium 
barium tetrachloride, BaOJ 2 .2KCl, or potassium tetrachlorobariate, K^BnO^, 
0, Ruff and W, Plato obtained a similar result. The corresponding curve with 
barium and sodium chlorides is of the simple V-type with a eutectic at 654* and 
39 mol per cent, of barium chloride* The area FGE B EE^ t Fig* 32, represents the 
range of existence of the double salt K^BaC^; the area ARC t the region of mixed 
crystals. The eutectic lines are represented E t E t EJE % and The dotted curve 
ARC represents the breaking down df the mixed crystals into their components. 

G* 3. Jamieson obtained slender prisms of dihydrated ernstum calcium chloride, 
2CsCI.CaCl s , from sob. containing M mols of each component per litre. 
E, H, Dudoux used the formation of the salt as a microchemicol test for calcium* 
Similarly, with* soln, containing 2 mols of ceesmm chloride to one of strontium 
chloride, hydrated cmaiiim strontium chloride, 5GflCI.2SrCij.8HnO, was obtained; 
hut with sob* containing GsG: SrCl^S : 1, only csseium chloride appeared, and 
with 1 :1 only strontium chloride, 

B. Chauvenet* P. Job, and G. Urbain's analysis of the thermal effect on mixing 
sob. indicated the formation in soln* of cupric calcium deeaclilorida,2GuCl 2 .3CaCl £t 
and cupric calcium tetrachloride, Cud £ *CaCI 2 . 0. Menge found that with mixtures 
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of calcium and silver chlorides there is a eutectic at 452 a with 90 per cent, of silver 
chloride, Pig. 19 ] and with mixtures of calcium and cuprous chloride, a eutectic at 
386° with 91 per cent of cuprous chloride, Fig. 20. A. C. Bccquerel prepared what 
he regarded as barium cupric Chloride* by allowing soln, of barium chloride and 
cupric nitrate to diffuse slowly one into the other, F. A- H. Schremeraakers and 
W. C. de Baat obtained no complex salts in their study of the quaternary systems, 
H a O—Bad a —Cudg; H 2 0~NaCl^BaCIa-CuCl a ; and H 2 0—KC1 
—BaCl2"0uCl 2 , There is some evidence of the formation of complex salts calcium* 
strontium, and barium silver chlorides in soln. & & Forbes measured the 
solubility of silver chloride in soln, of calcium, strontium, and barium chlorides, 
at 2G C , and found that when cone, are expressed in gram-eq. per 1000 grms. of 
water, the following values of [AgJ/fMCl]™, where M is a gram-eq, of the 
metal, and m is a small whole number: 


[AglXlO*. 

* 0-289 

0-900 

2-802 

5-823 

fjCaCl,! . 

. 1‘748 

2-741 

4-033 

5-005 

KtXlQ* . 

, 0-95 

1-20 

1-72 

2-32 

*,XlO* . 

, G64 

0-44 

0427 

0-464 

[AglXlO 3 

. 0-033 

0-280 

1-252 

12i>4 

[tSrCl«] ■ 

. 0 550 

1'572 

2-092 

5-775 

jf t xJ0< , 

110 

0-95 

1-40 

3-61 

Jf.XlO- . 

, 200 

001 

0-47 

0-62 

[Ag]Xl0 a 

. 0186 

0-339 

1-274 

23 60 

[IBaCl.l . 

. 1-248 

16J0 

2679 

3*260 

X,x 10* , 

. 1-20 

1-31 

1-78 

2-20 


. 0"9fl 

0-81 

067 

0-67 


Data were also obtained for hydrogen, sodium, potassium, and ammonium chlorides. 
The increase in solubility was explained by assuming that complex anions* AgCl s ", 
AgCV /y * an ^ possibly AgCl^"", are formed which are stable throughout considerable 
ranges of cone. No evidence of the complex anion AgCl a ' was obtained. 

A, Gunta prepared what he regarded as barium sodium dlcblorids, BaCINaCI, by the 
electrolysis of a molten mixture of sodium and barium chlorides j and by heating in a covered 
iron crucible, two gram-atoms of sodium with a mol of barium chloride. The product 
is a greyish-white mass which develops hydrogen when treated with water, and when heated 
to 700°, Iowa ita sodium and leaves a residue of barium chloride. 


According to T. Liebisch and E. Korreng* the fusion curve of the binary system 
with barium and calcium chlorides has a eutectic at 600° and 40 molar per cent, of 
barium chloride ; there ia a break in the curve at 631° corresponding with the 
formation of calcium barium tetrachloride, or calcium tetraehlorobfiriate t 
OaCl^.BaCla, crystallizing at 63 V. 0, Ruff and W. Plato obtained a simple V- 
eutectic with mixtures of barium and calcium chloride at about 590 s and 64 molar 
per cent, of calcium chloride. The binary system with calcium and strontium 
chlorides has a U-shaped minimum at 658° and 33 molar per cent, of strontium 
chloride; similarly also with strontium and barium chlorides at SiT* and 30 molar 
per cent, of barium chloride. C. Sandonuini, W. Schafer, and 0. Ruff and W. Plato 
obtained confirmatory results. 

T. Liebisch and E. Yortisch studied the ternary system, Bad^-^-BrOI^-NaCl; 
H, Gemsky, E, Yortisch, and E. Janecke, BaCf a —KCi— NaCl-—wide Fig. 22; 
K. Scholich, SrCl a —KCI—NaCl, and CaCl 2 —KQ—NaGl; and W, Schafer, 
B&Clj—9rCl 2 —Ca01 2 . In the lost cose there is evidence of the ternary compound 
calcium strontium barium hexflchloride, CaCl 2 .SrCl 2 .BaCl 2f crystallizing at about 
500°. 
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§ 1ft. Calcium, Strontium, and Barium Bromides 

According to A. J, Balard (I826), 1 calcium bromide is formed when bromine 
acts on red-hot calcium oiide or carbonate* and a little is formed when the bromine 
acts on heated calcium chloride. C. Lowjg made it by the action of hydrobroraic 
acid on calcium oxide ; 0, Wcndlcr, by the action of bromine on calcium sulphite ; 
0 . Klein, by the action of 200 parts of bromine, 1G parts of phosphorus, and 7o parts 
of calcium oxide; O, Henry, by the action of bromine on Hum in the presence of 
metallic iron* or of ferrous bromide on the hydroxide or carbonate ; J, S, Stas and 
G. Macdonald made it by mixing bromine with ammoniacal milk of lime, or ammo¬ 
nium bromide with calcium carbonate ; and A. Faust, by the action of Hulphur 
bromide on milk of lime : SBr e -h4CaO--3CaBr s +0aSO4. According to M, Hetmer 
and J* Hohenhauser* if bromine is allowed to act on anaq. soln, with an excess of the 
hydroxide of the alkaline earth, a mixture of the bromide and brom&te is formed. 
The latter can be separated by crystallization, or by adding 00 per cent, alcohol. 
The alcohol can be distilled from the filtrate, and the bromide obtained; the 
brom&te can be converted into bromide by calcination with charcoal* and leaching 
the product with water. The corresponding salts of barium and strontium are 
prepared in a similar manner. The hexahydrated bromides separate from aq, 
soln,—the barium dihydrated salt is formed as in the case of the corresponding 
chloride* The anhydrous salts are obtained by heating the hydrated salt, or by the 
calcination of the bromate. A. J. Balard prepared barium bromide by the action 
of hydrobromic acid on barium hydroxide or carbonate ; C! Lowig* on barium 
sulphide. T. W. Richards in his work on the at, wt. of barium prepared barium 
bromide by the action of purified bydrobromic acid on the carbonate ; by the 
decomposition of barium bromate; by the action of bromine on the hydroxide 
prepared by the action of potassium oxide on the nitrate, and by the ignition of the 
nitrate. The chief difficulty was to obtain the barium salt free from strontium and 
calcium* 
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Barium hydroxide was prepared by treating purified barium nitrate .with purified 
potassium hydroxide, and recryatalL'zing several times from hot water, In order to remove 
potassium salts, the hydroxide was precipitated from its aq. ooln, by purified alcohol, and 
the precipitate washed with alcohol by suction, The barium hydroxide was boiled in a 
platinum vessel for some time to remove the alcohol, and sat, with bromine in a Bohemian 
glass flask. Tho large amount of bromide filtered oil from the bromate was half crystallized 
out by boiling down tho mother liquor in a platinum dish, treating with alcohol, and cooling. 
The mother liquor from these crystals contained most of the strontium. The solid was 
dissolved, boiled down, treated with alcohol, and coaled; and the new crystals were washed 
four times with alcohol, After repeating this round of operations once again, the mother 
liquor showed no trace of strontium, Tho pure crystals yielded a faintly brownish mass upon 
fusion, end this in turn left a brownish precipitate upon eoln, The clear filtered liquid 
was boiled down and treated with alcohol just as described above. Tho crystals were again 
fused, and again subjected to the same aucocssion pf operations. For the last time the 
crystals were raised to a dull heat by moons'of a spirit lamp, and tho residue was dissolved 
in the purest water in a platinum dish, allowed to stand exposed to the air until neutral, 
filtered, recrystallizod twice more, and washed with the purest alcohol. 

Similar remarks apply to the preparation of strontium bromide free from barium 
and calcium in T, W. Richards* work on the at. wt. of strontium, 

A soln. of f>00 gnus. of strontium nitrate in 2 litres of water was treated four times in 
succession with a cubic centimetre of dil. sulphuric acid, and in each case, after standing 
4 days, the clear liquid was decanted. The liquid was evaporated to a small bulk, filtered 
from the precipitated sulphate, and twice rocrystallixed. Each lot of crystals was washed 
three times with alcohol by suction. The nitrate was treated with ammonium carbonate, 
and the washed precipitate of strontium carbonate was treated with purified hydrobrqmic 
acid. The strontium bromide was evaporated in a platinum dish. This was slightly 
attacked, bromine having been set free by a Little occluded Ktrontium nitrate in the carbonate. 
After evaporation to dryness the bromide was fused at a bright red heat in platinum. 
The alkaline soln. of tho fused cake was treated with hydrogen sulphide, tiltrrsd, acidified 
with hydrobremic acid, warmed, filtered from the platinum sulphide, boded to free it from 
sulphuretted hydrogen, again filtered, and crystallized twico from water. 


The properties o! the bromides of the alkaline earths— Hexahydrated calcium 
bromide forms silky needle-like crystals, likewise also the corresponding strontium 
salt which, according to 0. Miigge,* belong to the hexagonal system. The 
latter also stated that the crystals of dihydrated barium bromide are monoclinic 
prismatic crystals with axial ratios a : b : c=l*4494 :1 : 17656, and ^S=l 1.1° 29$', 
and isomorphous with the corresponding chloride, BaCl2,2H 2 0, J. Herbette 
studied mixed crystals of barium chloride and bromide* There are the monoclinic 
crystals resembling the chloride, studied hy G, Wyrouboff, and 0, Miigge: a : b: c 
=0 1676 :1:0 6548, and /3=8S D 55'; the monoclinic crystals resembling the 
bromide studied by 0. Miigge, and H, Dufet: a : 6 : c=144&43 :1; 1'6559, and 
j3=?66° 30'; and another form studied by J, Herbette : a : & : e=l , 17104 :1:16240, 
and J3=8&° 50'. T. W. Richards and V* Yngve found evidence of the existence of 
dihydrated strontium bromide, and they gave 88*62° for the transition temp., 
SrBr 2 .6H 2 0 fc >SrBr a .2H 2 04'4H 2 0. 0, Miigge said that crystals of pentahydrated 
strontium bromide, SrBr a .5H a 0, resemble those of hexahydrated barium iodide, and 
have the axial ratio a:c=l:0'51ib The specific gravity of anhydrous calcium 
bromide is 3*32 (i l °), according to C. H. D. Botjeker 3 ; and 3'4 (20°), according to 
0, Rufi and W, Plato, for anhydrous strontium bromide, C, H, D* Bodeker gives 
3 962 (12°); T. W. Richards, 4*216 (24°); and P* A, Favre and C* A* Valson, 3*985 
(20*5°); and for anhydrous barium bromide, EL Schifi gave 4 23 and T, W. Richards 
4781 {24°), The best representative values for the sp. gr, of calcium, strontium, 
and barium bromides are given by W, Bilta as 3'9S6, 4*549, and 5750 respectively, 
and the mob vob 74*29,75*07, and 75*96 respectively, For hexahydrated strontium 
bromide, P* A. Favre and C. A. Valson give 2*308 (18°); and for dihydrated barium 
bromide, H. Schiff gives3*690 j H. CL F. Sehroder, 3 710; F. W. Clark, 3*679 (24*3°) ■ 
and J, W, Retgers, 3*827 (20°), 

The reported numbers for the melting point of calcium bromide vary from 
W* Ramsay and N* Eumorfopoulos* 485 V which is very much too low, to 0* Rufi 
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and W. Plato’s 760°, G. Kellner gave 730*, and T, Carnellcy, 67ti fl -680 c . Fertile 
m.p. of strontium bromide there is W. Ramsay and N, Eumorfopoulofl > very low 
value 498°; G. Kellner’s 643°; and T, Carnelley’s 630°, For barium bromide, 
W* Ramsay and N. Eumorfopoulos gave the very low value 738°; 0. Ruff and 
W, Plato* 880° ; T. Camelfey, 812° + 3° ; and 0, Kellner, 847°. E. Lubarsky’s value 
for the m.p, of hexahydratod calcium bromide is 38 2° ; and 0. 0. Curtmann’s for 
trihydrated calcium bromide, 80M11 0 . 

According to X Thomsen * the beat ot formation (C&, Br 2 ) is 141*25 Cals.; 
(Sr, Br s ), 157 7 Cals,; and (Ba, Br 2 ), 109 46 Cals. M. Berthelot’s values are : 
(Ca, Braird), 1516 Cals.; (Sr, Br E ), 168 Cak ; and (Ha, Br a ), 172 4 Cals. 
J, Thomsen also gives (Ca, Br 2l 6H 2 0), 166 85 Cals.; (Sr, Br 2 , 6H 2 0), 18101 Cals.; 
and (Ba* Br a , 2H 2 0), 178 57 Cals.; (CaBr 2 ,aqX 24’5l Cals.; (SrBr^aq.), 16*11 Cals.; 
and (BaBr 2 ,aq,), 4*98 Cals,; {Ca, Br 2 ,aq.) p 1G576 Cals.; (Sr, Br 2p aq.), 173'81 Cols.; 
and (Ba, Br a ,aq,), 174 44 Cals.; (CaBr 2 , GH 2 0), 26*60 Cals. ; (SrBt* 6H 2 0), 33 31 
Cals,; and (BaBr a , 2H 2 0), 911 Cals. 

The heat o! solution of CaBr 2 ,6H 2 0, 400 tnols of water is, — 1 09 Cals,; for 
SrBr a .6H a O, —7 2 Cals.; and for BaBr 2 .2H a O, —4*13 Cals. S, U, Pickering gives 
the heat of soln. of CaBr 2 in water, 23*293 Cals., and in alcohol, 21471 Cals. 
J. Thomsen also gives for the heat of soln. of strontium bromide associated with 
different amountsof water, SrBr 2 +7iH a O, in 400 mols of water at 18°, n=0, 16*11 
Cak ; »=1, 9*96 Cals.; n=2, 616 Cak ; n— 3, 3 06 Cals.; w=4, —0*04 Cak ; 
it— 5, —3*20 Cals,; and n=6, —7’20 Cals, 

P. Kramers* values for the solubility of the bromides of the alkaline earths 1 in 
grams of MC1 2 per 100 grma. of soln, are : 



O’ 
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A. Etard gives for calcium bromide at 22°, the solubility 50 5; at — 7°. 52*6; and 
for barium bromide at — 2U C , A, Etard gives 45'ti ; and at 14G & , 60 5; at 160°, 
59*4; and at 175°, 60'3. A, hltard’s values for calcium bromide are considered to 
be less accurate than those of P T Kramers ; the solubility curve travels in a straight 
line to 50 & ; there arc two breaks in the curve between 50° and 70", which A. Etard 
attributes to the formation of two hydrates ; and from 70* to 170 & * the curve again 
travels in a straight line. The values for strontium bromide are averaged from 
those of P, Kiemers and A. Etard. W. 1). Harkins measured the solubility of 
strontium bromide in water and in soln* of strontium nitrate at 25°. They found 
that strontium bromide dissolves in water to the extent of 1066'2 grma. per 1000 grins, 
of water at 25° p and the soln. has a ep. gr. 17002 at 25 0 /4 0 + The following values 
have been obtained for the solubility of strontium bromide in grams per 1000 grins, 
of water in soln, of the following mol, cone, of strontium nitrate, and the soln. have 
the appended sp, gr,: 

Solubility 8rBr, JO60-2 1006*95 10(17 42 J06B-54 1068*9 100917 3073*97 

Cone. Sr{N0 3 ) t 0*0000 0*0300 0-072 Hi 014508 0 3000 0 01124 1 ttGJO 

Sp.gr, 2574“ 1*7002 — * 170325 H72844 1 73766 1 74800 1*77368 

A. Etard'& values for barium bromide are rather lower than those of P. Ktetners. 
A, Etard found a maximum between 104* and 160°, and since the heat of soln. does 
not hero change its sign, it is assumed that the maximum—if not a mal-observation 
—has the same character as that with hexahydrated calcium chloride at 29*9°, 
A, Etard found the solubility of barium bromide is reduced by salts of barium or 
soluble bromides, Aq, soln. of calcium and strontium bromides, at ordinary temp., 
furnish crystals of the hexahydrated salts; barium bromide forms dihydrated 
barium bromide. J. L. Kreider 7 heated dihydrated barium bromide at 
different temp, for half an hour in a stream of dry air, and also in a current of 
hydrogen bromide, and the loss of hydrogen bromide and of water was determined 
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in each case. There was no appreciable difference in the results by the two ^ 
of experiment^ sod he infers that the two mole of water are similarly associa^ 
In the mol, and he gives the graphic formula: 

ff>0=Br-Ba-Br=O<* 

which may be compared with those for magnesium and hexahydrated aluminium 
bromides. 

According to C. 0, Curtmann, when hexahydrated calcium bromide is de¬ 
hydrated, triMrated calcium bromide, CaB^H-jO, ie formed which melts between 
80 fl and 81°; and at 180° is said to form CaBr 2 .2-5H 2 0, which is probably not a 
true compound* If freshly dehydrated calcium bromide be dissolved in absolute 
alcohol, the sob* becomes hot, and, after filtering off the calcium oxide, X. Roques 
found the syrupy liquid furnished rhombic plates of CaBr^.3H a O* which are very 
deliquescent; and which, if hot sob. are used, may contain a little ethyl bromide, 
CjjHjBr, The specific gravities of sob* of calcium bromide have been determined 
by D. I. Mendelfoff, and G. T. Gcrlach. P. Kremcr's observations at 19'5° furnish : 
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H. C* Jones and F. H, Getmau also determined the sp* gr. of sob. of calcium 
bromide at 25° (water at 4° unity). The sp. gr. of the sat. soln. of calcium bromide 
at 20° is 1'82 ; of strontium bromide, 1'70 (20°); and of barium bromide, 171 (2U P ). 
P. Eremers also measured the changes in volume of soln. of these salts; anti. 
L. C, de Coppet, the effect of calcium and barium bromides on the temp, of maximum 
density—the lowering of the temp, is proportional to the cone, for the temp, with 
0 0403 and 0TG31 mols of the salt per litre are respectively 29(59° and —0 304 ft ; 
and d0/dM=25i4 and SG'SS respectively* 

The loworingof the vapour pressures of sob. of calcium, strontium, and barium 
bromide were determined by G, Tammann, 3 and W, Biltz. The quotient (ptr-yJ/G 
rises with increasing cone, and falls with rise of temp. H* Ijcaetxur’s value for the 
vap. press, of hexahydrated strontium bromide at 20° is 91 mm, W. Pieper 
measured the vap. press, of aq, and alcoholic sob. of calcium bromide. H* 0, Jones 
, and V. J. Chambers 0 measured the lowering ol the freezing point of sob. of calcium 
« chloride, and they found for calcium bromide: 

Gram mols/litre* C . 0 04365 0-08710 0 13005 017422 02013 OE22G 

Lowering f.p., dL , . 0 228° 0446 s 0-004° 0 304° 1-308° 2049° 

dijV .5 24 5<Il 5 07 5 18 523 654 

Hence the mol. lowering first decreases continuously with increasing cone, to 
013005 mol per litre, and in more cone, soln., as with the lowering of the vap* 
press., increases more rapidly than would occur if ionization alone were In question. 
The halides of the alkaline earths all show a similar behaviour, and W. Biltz has 
shown that the phenomenon is more pronounceddn passing from barium to strontium 
and to calcium, and frotu chlorides to bromides to iodides* 

The refraction equivalents of 42 3fi to 4350 percent, soln. of calcium bromide 
for the j4-line were found by J. H. Gladstone 10 to be b accord with the (»—1)/D 
formula. H. C* Jones and F, H, Getman also determined the inderf’of refraction 
of soln. of calcium bromide. The index of retraction rises from 1'34106 to P42339 
for sob* with 0 + 542 to 3-011 mols per litre when the sp. gr. rises from 107536 to 
1-48093. P, Barbier and L, Roux have measured the dispersion of these soln. 
According to H. Jahn, the mol* electromagnetic rotation of the plane of polarization 
of sob* of calcium bromide is IT'605 (water unity); strontium bromide, 18T63; 
barium bromide, 18 54. C. Shcard and C. S. Morris found the emission spectrum 
of calcium bromide had a band between 6600 and 4850* 
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According to W. Hampe, 11 molten strontium bromide is a good conductor ol 
electricitT. H* C* Jones and V. J* Chambers found the deductions from the mol* 
electrical conductivity of soln, of the bromides of the alkaline earths agreed with 
the conclusions obtained with the lowering of the f.p. of soln. of the bromides of 
the alkaline earths* H. C. Jones and co-workers’ values for the mol, conductivity, 
fa and the percentage degree ot ionization, a, of soln, with a mol of the salt in « 


litres, are : 
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H* C. Jones and A. P, West have measured the temp, coefT, of the conductivities of 
soln. of these salts ; H. C. Jones and Ii + P, Bassett also investigated the formation 
of hydrates in cone, soln* from the conductivities, the lowering of the fp H , and the 
ep. gr, of those soln. G* Dickhaus measured the effect of temp, on the conductivity 
of soln* of calcium bromide, A. Heydweiller found the dielectric constant of 
dihydrated barium bromide to be 4 £5 for A=478 cm». 

Anhydrous calcium bromide is soluble in alcohol, and X* Roques found the 
soln, furnishes rhombic hygroscopic crystals of the compound, UftBrg.3C z H 6 OH* 
H, Fonzes-Diacon found that 64'G grins, of anhydrous strontium chloride dissolve 
in 100 gtms, of absolute alcohol, and the soln., at 0 D , has the ep. gr, 1'21Q. Rhombic 
prismatic crystals of & compound, SrBr 2 .2iCj;H B OH, are formed by slow evaporation* 
According to 0* Henry, and R. Piria, barium biomide is soluble in absolute alcohol, 
and P. Rohland found at room temp, one part of dihydrated barium bromide is 
dissolved by 36 parts of methyl alcohol, 207 parts of ethyl alcohol, and 052 parts of 
propyl alcohol, while 100 parts of 50, 93 H, and 100 per cent, methyl alcohol at 15* 
dissolve respectively 4, 27'3 and 45*9 parts of barium chloride, and at 225°, 100 
part# of absolute methyl alcohol dissolve 5G1 parts of BaCl^. At 15°, 100 parts 
of 97* per cent, ethyl alcohol dissolve U'48 part of BaB^SH^O, while at 22'5 & , 
100 parts of 100 and 87 per cent, ethyl alcohol dissolve respectively 3 and 6 parte 
of BaBr a * According to W, Eidmann, barium bromide in soluble in acetone. 

Calcium bromide rapidly deliquesces on exposure to air; and C. Lowig 13 showed 
that when melted, calcium bromide loses some bromine ; and that with cone, 
auJpAttrio acid it develops first hydrogen bromide, and then bromine and sulphur 
dioxide. According to <3* Lowig, hexabydrated strontium bromide effloresces in 
air, and, according to T* W* Richards* it loses Jive-sixths of its water of crystallization 
over sulphuric acid, and the water is restored on exposure to air* Strontium bromide 
loses its water of crystallization when heated to a low temp., and, when melted, 
C* F* Rammelsberg found that the salt loses all its water of crystallization. 
If carbon dioxide and air is passed through an aq, soln. of barium bromide what is 
considered to be a complete reaction occurs: BaBrg^COj-f-O^BaCOa+Ifrji. 
H, Schulze found that when barium bromide is heated red hot in oxygen gas, some 
barium oxide is formed, but E, Beckmann says it is indifferent to oxygen and carbon 
dioxide at a red heat. A* Potilitzin found that bromine is partially displaced by 
chlorine at 100°* 

If anhydrous calcium bromide be warmed with bromi^ in equi-mol proportions, 
J. Meyer obtained a red liquid which on cooling gave a crystalline mush, which at 
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Fig* 27 ; and with barium bromide, the ip. curve is a simple eutectic, Fig. 28. No 
solid sola. are formed in the two last cases. Sodium and calcium bromide solidify 
to form two series of solid sob* with a eutectic at 513°, and on further cooling a 
reaction occurs at 469°, and sodium calcium pentabromide, NaBr.2CaBr a , is formed, 
Fig. 29. Sodium bromide forms simple cutectiferoua systems with both strontium 



Fioo. 29 to 31.—Freezing-point Curves of Binary Mixtures of Sodium Bromide with 
Calcium, Strontium, and Barium Bromides. 

bromide. Fig* 30, and barium bromide, Fig. 31, the eutectic temp, being 486° and 
GOO* respectively. Potassium bromide forma double salts with all the alkaline 
earths without forming solid soln. With calcium bromide, the compound potassium 
calcium tribromide, KBr.CaBr^, is represented by a maximum at 637°, the adjacent 
eutectic temp, are 544° and 563°, Fig. 32, With strontium bromide, there are two 



Fros. 32 to 34.—Freezing-point Curves of Binary Mixtures of Potassium Bromide with 
Calcium, Strontium, and Barium Bromides. 

flat maxima, Fig. 33; the one at 559°, corresponds with potassium strontium tetra- 
bromide, 2KBr.SrBr 3 , and the other at 574°, corresponds with potassium strontium 
pentabromido, KBr.28rBr a ; the three eutectics arc respectively 556°, 534°, and 
562°, With barium bromide, one flat maxifnmn, Fig. 34, at 034°, corresponds 
with potassium barium tetrabromide, 2KBr.BaBr £ . The adjacent eutectic temp, 
are 632° and 612°. 
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I 14, Calcium, Strontium, and Barium Iodide? 

When hydrogen iodide aflta on barium oxide the mass becomes incandescent, 
and barium iodide is formed. In 1814, J. L. Gay Luasac 1 prepared calcium iodide 
by evaporating a sob. of calcium oxide in hydriodic acid with the exclusion of air, 
H. Moissan led a stream of hydrogen iodide into a vessel containing fragments of 
the purer forma of marble, and after standing 24 hrs. to ensure the neutralization 
of the acid and the precipitation of the iron, he filtered and evaporated the soln. 
G, P. Baxter and F. N. Brink prepared calcium iodide of a high degree of purity. 

A eoln. of marble in nitric acid woa heated with an cxcray of limo to precipitate iron 
and manganese compounds. The filtered soln, was acidified, and evaporated to cryatallka* 
tion, and the product recryatallizes three times. Calcium carbonate was precipitated by 
the addition of ammonium carbonate, and the precipitate thoroughly washed by decanta¬ 
tion, The carbonate was dissolved in purified hydriodic acid, and the iodide crystallized 
from the seln. In order to remove any mother liquid included in the crystals, the salts 
were fused j if the fusion be conducted in a stream of nitrogen the soln. of the product in 
water is strongly basic ; this is but partially prevented by mixing the calcium iodide before 
fusion with ammonium iodide, and keeping the temp, below the sublimation point of the 
ammonium iodide until practically ail the water is expelled; the saJt is then heated to 
fusion long enough to drive off all the ammonium salt. The product is still slightly alkaline. 

Strontium and barium iodides were prepared in a similar manner. 0. Henry, 
0, Hesse, and R. Bother made it by the joint action of iodine .iron, calcium carbonate, 
and water as in the process for alkali iodides; Lies-Bodart and M. Jobin, by the 
action of iodine and water on calcium sulphide; J, von Liebig, by the action of 
iodine and phosphorus on milk of lime ; C. Wendler, and R. Wagner, by the action 
of iodine on calcium sulphite: BaSO 3 +Ba(OHj 2 4-I 2 =BaI £ +BaSO 4 -fH 2 0; 
J, B. Berthemot, hy the double decomposition of lead iodide and calcium carbonate; 
and H. Croft made the barium salt by treating baryta water with iodine and filtering 
off the very soluble iodate formed at the same time, S. Kem reduced the iodatc 
with hydrogen sulphide, and evaporated the soln. to dryness. The evaporation of 
the aq. soln, furnish hydrated salts, which are dehydrated to form the anhydrous 
salts by heating them in a current of hydrogen iodide, as recommended by E. Tassily 
for ignition in nitrogen or air, is attended by some decomposition of the iodide. 

According to 0, Miigge, 2 dihydratod barium iodide, BaI 2 .2H 2 0, crystallizes in 
monoclimc prisms isomorphous with dih drated barium bromide, and with axial 
ratios a: b: e=l'458G: 1:1 1528, and /3=112° 58'. E + Beckmann says hepta- 
hydrated barium iodide crystallizes in prisms. 0. Miigge found hoxahydruted 
barium iodide, Bal^GH^O, crystallizes in hexagonal prisms isomorphous with 
hexohydrated strontium chloride, and with axial ratio a: c=l: 0'538. The 
crystals are doubly refracting. The specific gravity of anhydrous calcium iodide 
by 0. Ruff and W. Plato 3 is 4'9 at 20°; G. P. Baxter and F. N. Brink give 3'956 at 
25° (water at 4 C unity); for anhydrous strontium iodide, C. H. D. Bodcker gives 
4'416 at 10° ; G. F. Baxter and F. N. Brink, 4'549 at 25° (water at 4° unity); and 
for anhydrous barium iodide, 33. Filhol gives 4 917, G. P. Baxter and F. N. Brink 
5'160 at 25° (water at 4° unity). F. W. Clarke gives the sp. gr. of heptahydrated 
barium iodide, 3 67 (20°). 

The reported numbers for the melting point of anhydrous calcium iodide vary 
' from W, Ramsay and N. E^mo^fopoulos , 57B°, 4 to 0. Ruff and W. Plato's 740°; 
for the hexahydrated salt, Cala^HaO, E. Luhaisky gives 42°. J. I, Gay Luseac 
noted in 1814 that strontium iodide melts at a red heat; W. Ramsay and 
N, Eumorfopoulos* value for the m.p. of anhydrous strontium iodide is 402°; and 
*T, Carnelleyh, 507°. For barium iodide, W. Ramsay and N. Eumorfopoulos give 
539°, and 0. Ruff and W. Plato, 740°. The b.p. of calcium iodide is between 718° 
and 719°. It is possible that the discordant data here given arise from the use 
of impure or imperfectly dehydrated salts. J. L. Gay Lussac noted that in meltir^ 
calcium iodide in air, there is a partial decomposition, iodine is liberated and calcium 
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oxide is formed; and that in the absence of air strontium iodide can be melted 
without decomposition, but in the presence of air the iodide is partially decomposed. 
The hydrated forme of "barium iodide readily melt in their water of crystallization. 
0, Milage said that hexahydfated barium iodide melts in its water of crystallization 
at 25'7 * When anhydrous barium iodide is melted, much of the salt is decomposed: 
2BaI 3 +0 2 r=^2Ba0+21*. 

J, Thomsen’s values for the heats of formation are: (Oa, I^, 107 65 Cals,; 
M. Berthelot’s values (Ca, L I 2 ) f 118 6 Cals,; (Sr, I^), drew 134 Cals.; and E, Tassily ® 
gives {Sr, Iagag}, 1231 Cals.; (Sr, H3 + 3 Cals., and (Ba, 137 Cals., 

or (Ba, laioiid)* 2*9 Cals. E. Tassily gives Ca+la+SHjiOij^d^Cali.SHaO-l-lSS 7 
Cals, and for the formation {Sr, I 2S aMi 7H 2 0u uUid ), 147 3 Cals. J t Thomsen's value 
for (CaJa> aq.) is 27'h9 Oak; and for (Ca, I a , aq.), 135 34 Cals.; (Sr, I 2 , aq,), 143 39 
Cals.; (Ba, I 2 , aq F ), 144'02 Cals,; and for (Ba, I 2 , IHuG), 15137 Cals. S. U. Picker¬ 
ing^ value for the heatol solution of anhydrous calcium iodide in water is 15'&73 
Cals., and in alcohol, 19'833 Cals. J. Thomsen’s value for the heat of sola, of 
Bal 2 +717B 2 0 in 500 mola of water is —6 85 Cals. E. Tassily’a value for the heat 
of soln. of CaI 2 .8H 2 0 is 1'735 Cals,, of anhydrous strontium iodide at 12°, 20'5 
Cals., and of SrI 2+ 7H 2 0 at 15°, —4'47 Cals.; and for anhydrous barium iodide, at 
16°, 10'3 Cals. The heat of sola, of the three anhydrous barium halides increase 
in passing from the chloride to the iodide: BaCI 2 , 2‘07 Cals,; BaBr 2 , 4 98 Cals.; 
and Brig, 10 b 3 Cals. 

Anhydrous calcium, strontium, and barium iodides deliquesce in moist air. Calcium 
iodide forms hexahydrated calcium iodide, CaI a .tiH 2 G. According to H. Croft, 
hexahydrated strontium iodide, SrI 2 .GH 2 0, crystallines in six-sided plates; E, Tassily 
says the sat. sola. at TO 0 gives SrI 2 .7H 2 0. According to A. Etard, the transition 
temp,: SrI 2 ,6H a Oi^SrI 2 .21120+41120, is near 90°; and for BaI 2 .GH £ 0^B&I 2 ,2H 2 0 
+4H 2 0 it is nearly 35°. According to P. Kremers 7 solubility data, there j& also a 
transition point with calcium iodide between 40° and 43°. Hexahydratod barium 
iodide, Baf 2 .GH 2 0, as well as salts with 1, 2, and TM^O, have been reported. The 
stability of the higher hydrates thus appear to he greater with the iodides than 
with the bromides, and with the bromides than with the chlorides. The equilibrium 
conditions anti transformation points of the different hydrates on the iodides of 
the alkaline earths have not been investigated closely. There are some differences 
iu the views of different workers on the composition of the hydrates of the iodides 
of the alkaline earths ami more particularly of barium iodide, owing to its great 
solubility and deliquescence. Thus H. Croft, J. Thomsen, and. E. Beckmann 
give for ordinary crystalline iodide, Bal 2 .7H 2 0, while H, Le&cceur gives BaI 2 *6H 2 0. 
E. Beckmann says hydrated barium iodide, Bal£.H 2 0, is stable over 125*, and begins 
to dehydrate at 150° ; and G. Werther obtained barium di- or tri-hydrated iodide 
by evaporating aoln. of the salt nearly to dryness. 

The solubilities of calcium, strontium, and barium iodides have been measured 
by P. Kremers,* and A, Etard; the results represented in grams of MI^ per 100 
grms. of sola. are : 
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According to A, Pitard, the solubility of strontium iodide at 120° is 807; at 140°, 
825 ; and at 175°, 75'6 ; and the solid phase below 90° is Srl^GHjjO, and above 
90°, 3rI £ .2H 2 0. The solubilities of a mol of strontium chloride, bromide, and 
iodide are as 379 :3‘54 :4'81 at 0*. Similarly for barium iodide, the solubility 
at ^20* is 59-0; at 120*, 73‘8; and at I40 C P 746; the solid phase below 35“ 
is BaI s ,6H £ 0, and above that temp. Ba^H^O. A, Etard also found that the 
solubilities of barium and strontium iodides were depressed in the presence of one 
another. 
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The specific gravities of sojn* with different amounts of the iodides of the 
elfcahnp earths in I0G grins* of water at 19'5* are, according to G, T. Geriach; ? 
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H* C* Jones and F, H. Getman have also measured the sp^gr* of soin. of these salts, 
P, Kremers has studied the change in the vol. of sain* of the Iodides of the alkaline 
earths with temp, L, C + do Coppet finds the temperature of m^dmmri density 
of water is lowered to 2'98CT and 0'872° respectively by the addition of 0G384 and 
01166 mol of Cal a per litre; and to 2 827° and 1152° respectively by the addition 
of 0 0395 and 0 0962 mol of Bal^ per litre. The rack lowering dTjM is a constant 
in both cases, 

C. Dieterici 8 has measured the vapour pressures of soln. of calcium iodide at 
0 & , H, C. Jones and F. H, Getman found the mol, lowering ot the freezing point 
of soln. of calcium iodide dTjM showed a minimum with a O'SSN-soIn,, and rose 
to 19'23 with a 624,/V-Boln, Similar results were observed with soln. of calcium 
chloride and bromide. Strontium and barium iodide soln, behave similarly. 
H, C, Jones and F, H, Getman also measured the index of refraction of soln, at 
25°, and found it to rise from ^=101468 to 1693 respectively with soln. contain¬ 
ing U‘078 and 3120 mole of calcium iodide per litre. C. Sheard and C. S* Morris 0 
measured the emission spectrum of calcium iodide and found that there are con¬ 
tinuous spectral regions or bands between 6075 and 5845 ; 5615 and 5528; 5130 
and 5100; 4330 and 4737 ; 4507 and 4465; and 4433 and 4360, and these corre¬ 
sponded closely with bands from mercuric and zinc iodides. 

The electrical conductivities of soln, of calcium iodide have also been measured 
by H. C. Jones and F, H t Getman, 10 and they find the results agree with a rise in 
the percentage ioniaations from 26‘0 to 80 0 respectively for soln. with, a mol per 
U'32 and 12 82 litres of solvent at 0°, when the moh conductivity ^=135 7. 
H. C. Jones and B. P* Caldwell measured the conductivities of strontium iodide 
soln, at 25°, and also of mixtures of strontium and cadmium iodide. The con¬ 
ductivity of the mixture iu aq, eoln* is less than in the corresponding soln, of stron¬ 
tium iodide i and they assume that both salts form complex ions corresponding 
with strontium polyiodidc, SrV'- R- G. van Name and W G. Brown have studied 
this subject, W, Hittorf gave data for the transport numbers of the ions cC calcium 
iodide. H, & Jones and C. F. Lindsay have also measured the electrical conduc¬ 
tivities of soln. of strontium iodide in water, methyl, ethyl, and propyl alcohols, 
and noted a continuous decrease in the conductivity and in the temp, cocff.'of the 
conductivity in passing through the series from water to propyl alcohol; and they 
therefore conclude that the association of the salt with the solvent decreases in the 
same series* With methyl alcohol and water mixtures containing a mol of strontium 
iodide in 32 litres of the soln., the conductivity' falls to a minimum value with 
about GO per cent, alcohol at 0*, or 75 per cent, alcohol at 25°, For example : 

Per cent, alcohol .9 26 50 75 100 

„at0° , . 113-1 03-08 * 60 19 55 *53 7G 32 

p at 25° * * - 205'3 1313 103 8 984)9 .1014 

The iodides of the alkaline earths are easily soluble in ethyl alcohol. As with 
water, the solubilities of the halides of the alkaline earths in alcohol decrease in 
passing from the chlorides to the iodides* According to A, Etard, 11 100 gnus* of a 
sat. soln. of strontium iodide contains 2’6 gnus* &rl 2 at —20 a ; 31 gnus* at 4°; 4’3 
grms* at 39°; and 4'7 gnus, at 82 s * P* Bohland found that 100 gnus, of 97^per 
cent* alcohol dissolve 107 grm. of Bala^H^O at 16°, and that one part of BaI a .2I^O 
dissolves at room temp* in 22 parts of methyl, 93 parts of ethyl, and 307 parts of 
propyl alcohol* W. Eidmann says that calcium and barium iodides are soluble 
in acetone 4 
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The iodides of the alkaline earths can be preserved unchanged in air free from 
oarbon dioxide. J.*L, Gay Lussae 12 mentions that barium iodide becomes brown 
when exposed to the air, and that barium carbonate is formed. E, Beckmann 
observed that soln, of this salt behaved in a simitar manner, and that the brown 
colour which soln. of barium iodide acquire when exposed to sunlight, disappears 
in darkness, while in an atm. of hydrogen the brown colour persists. M. Berthelot 
found that when barium iodide is heated in an atm. of oxygen, it is completely con¬ 
verted to barium oxide * and E. Beckmann that in a stream of air at 170° all the 
iodine Is driven off, while in a stream of carbon dioxide or hydrogen no change 
occurs. S, Kern found that molten barium iodide is reduced to barium by sodium, 
and if mercury is present, barium amalgam is formed. Fuming hydrochloric acid, 
said F, Gramp, converts barium iodide into barium chloride and hydriodic acid, 
not free iodine. F. Isatnbert gave evidence of the formation of calcium beiammino- 
iodide, CaI 2 .6NH 3 , by the action of ammonia on calcium iodide; and W. Blitz 
has shown that the temp, of decomposition of this salt and those of the corresponding 
strontium hexammino-iodide, [Sr(NH 3 ) A ]I 2 , and barium hexammino-iodide, 
[BafNlIjJflJIa, at a press, p—50 mm,, are respectively 369°, 335*, and 298°. The 
corresponding heats of formation, calculated from log p=— Q 4‘fi7T-t-l'75 log T 
■—ar |-3 h 3p are respectively 13 63, 13 40, and 10'80 Cals. C. F. Rammelsberg 
states that soln. of barium iodide readily absorb sulphur dioxide ; F. Ephraim and 
1. Kornblum prepared an orange-red barium tfttnwulphoiliodiifo, BaI 2 .4S0 E , and 
a yellowish-red barium disulpboniodide, BaI^.2SO £ ; they also made red strontium 
tetrasulphoniodide. SrI £ .4S0 2 ; strontium disclphouiodide, 8rI 2 .2SO a ; and calcium 
fttranlphaniodide, CaI 2 .4SG 2 . 

J. J. Berzelius 13 noted that iodine dissolves more copiously in soln, of calcium 
iodide than in water, and that when evaporated over potassium hydroxide dark 
grey crystals with a metallic lustre are obtained. The solubility of iodine in water 
is 0 0142 per cent., and J. Meyer found that 100 c.e. of 10 per cent, soln. of the 
halides of the alkaline earths dissolve the following amounts of iodine : 


Chloride. Bromide. Iodide! 


Harium . . 0*067 U*231 

Strontium , . 0 006 0 270 

Calcium . . . 0-071* 0 274 


6-541 grins, 
6-616 „ 
8-062 „ 


The f,p, of the soln. of iodine in these halide soln. is not appreciably depressed, 
possibly because of the formation of periodides, e,g. Cal*. Indeed, while an aq, 
sola, of 8 062 grins, iodine in 10 per cent, calcium iodide exhibits a slightly greater 
lowering of the f.p. than calcium iodide alone, less cone, soln. exhibit a rather smaller 
depression of the f.p. than calcium iodide alone, due, it is suggested, to the smaller 
degree of ionization exhibited by the polyiodide than by the normal iodide. 
A. Mosnier claimed to have obtained crystals of Cal 3 .15H a O by the spontaneous 
decomposition of the double iodide of lead and calcium in contact with its sat. soln. 
Similar remarks apply to Srl^.lSH^O, J. Meyer supposes calcium polyiodide, 
Cal*, to be formed as a hygroscopic mass when the necessary proportions of iodine 
and calcium iodide are mixed, and>heated to 70 o -80°; when melted and cooled, 
needle-like crystals can be separated from the mass—these reflect light with a green 
metallic lustre ; no iodine vapours are given off at 100 Q ; a reddish-brown soln. 
is produced with water, and carbon disulphide or chloroform extracts from the aq. 
soln. two gram-atoms of iodine per mol of calcium iodide. The f.p, curve for 
mixtures of calcium iodide and iodine was found by F. Olivari to give no distinct 
maximum, but it has an almost horizontal branch with a eutectic on the iodine side. 
The polyiodide, if formed at all, must therefore be greatly dissociated under these 
conditions. If calcium iodide be melted with a large proportion of iodine, the product 
dissolves in a little water, but iodine separates when this soln, is diluted; the product 
is assumed to contain higher periodides than Cal*—possibly Caluj—because With 
heating there is a low iodine tension. There is also evidence of the formation of 
VOL. ui t , 3 b 
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poly-chioroiodides and poly-brotnoiodides. Similar remarks apply to barium and 
strontium polyiodidea, but the polyiodides of calcium are more stable than those 
of strontium, or barium. R, G, van Name and W. G. Brown have studied the 
formation of strontium polyiodide. A. A* Jakowkin assumed that the sola, of 
iodine in barium iodide soln. corresponded with the formation of barium polyiodide, 
Bal 0 , C + K. Tinkler obtained some evidence of the existence of barium polyiodide 
from the identity of the absorption spectra of soln. of barium iodide and iodine with 
the spectra of analogous soln. of cadmium, sodium, potassium, magnesium, zinc, 
and aluminium. Barium iodide forms crystalline double salts with the iodides of 
zinc, cadmium, mercury, antimony, tin, and lead ; £.</, A. Mosnier 14 prepared lead 
calcium iodide, 3PbIj.CaI 2 .7H a O; lead strontium iodide, 2Pbl 2 .SrI 2 .7H £ 0; and 
load barium iodide, 2PbIj.BaIj.7HjO. C. F. Rammelsberg also reported the 
formation of complex compounds by heating barium peroxide with iodine— 
BaI a .2Ba0j and Bal^Ba^O^ B. F. Weinland and F. Schlegulmilch prepared 
impounds of calcium chloride with iodine tricMoride, CaCl 2+ 2ICIg,8HjO, in golden- 
yellow deliquescent needle-like crystals by the action of iodine on a soln, of anhydrous 
calcium chloride iu hydrochloric acid. Likewise also SrClg.UIClj.SHjO was prepared. 

E. Tassily 15 claims to have made calcium oxyiodide, 3CaO,CaI 3 ,I(JH s O, needle¬ 
like crystals, similar to the corresponding oxybiomide ; and he calculates the heat 
of formation to be Calj+SCaO-blOHjO^oiici^Sl'Q Cals.; and the heat of soln. 
in dil. hydriodic acid with six mole of HI, at 20°, to be 53'4 Cals. J. Milikan’s 
study of the ternary system, Calj—CaO—H a 0, at 25 th , gave the isothermal line 
dt, Fig. 35, for soln. in equilibrium with the solid phase, Oa(OH) 2 ; 6c, with 
CaI 2 .3Ca0.1GH a Q; and cd, with CaI 2 .6H 2 0. The crystals of the oxyiodide are 
leas hygroscopic than the iodide, Calj. When kept in vacuo over sulphuric acid, 
crystals of 3CaO.CaI 2 .3H 2 Q are formed: (CaI 2 3CaO, 3H a 0 a{ll ua), 647 Cals.; the 
heat of soln. under the same conditions as the preceding compound, 96 7 Cals. 
E. Tassily made strontium oxyiodide, 0SrO.2SrI 2 .30H a O, in a similar manner. 
J. Milikan’s study of the ternary system, Srl a - 9r0—H 2 0, at 25°, gays the isothermal 



Fiq. 35.—Ternary System, Fie, 3(1.—Ternary System, Fiu. 37.—Ternary System, 

Oal!—CflO—H,0, at 25*. &rl ,-^SrO—HjO, at 2llaf,—QaO—H*0, at 26°. 


line ab t Fig. 36, for soln. in equilibrium with Sr0.9H 2 0; 6c, with SrIj.3SrO.9HaO ; 
and cd with SrIj.6H 2 Q* Needle-like prismatic crystals of barium oxyiodide, 
Balj.BaO.SHjO, were likewise formed : (Bal a , BaO, 9H a O fl0 it(iJ, 41’64; and the 
heat of soln. in dil. hydriodic acid with 2 mola of HI at 20° is 1176 Cals, E. Beck¬ 
mann prepared barium oxyiodide, BafOHJI^HjO, analogous with the oxychloride. 
J. Milikan's study of the ternary system, Balj—BaO^HjQ, at 25^, gave the iso¬ 
thermal line ab t Fig. 37, for soln. in equilibrium with Ba0.9H s 0; 6c with 
BaIj.BaO.9HjO j and cd with Bal 2 .2HjO + According to F. Beckmann, at ISO 9 , 
the crystals lose a mol of water, E. Tassily dried the preceding salt in vacuo over 
sulphuric acid, and obtained crystals of BaO.BaL.2HjO, with a heat of soln. of 
33 Cals, in dil, hydriodic acid with two mole of HI at 20*; and a heat of formation, 
(BaQ*BaIj.2HgbyaUd)> 29*9 Cals. The individuality of all these oxy^salts is by 
no means established. 
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E. lteiacqss ie prepared barium fluoroiodidft BaF^Bal** of »p. gr. 5’21, U0°* 
by a similar process to that employed for the fluorochloride, q.v., but the former 
Bait is more readily decomposed by water. He also made strontium fluoroiodidft 
SrF 2 *SrI £ * sp, gr. 4 5 ; and calcium fluoroiodide, CaE £ i:al 3 . The latter is very 
deliquescent* 0. Ruil and W. Plato found the f.p, curve of mixtures of barium 
fluoride and iodide has a eutectic at about 660° with about 92 molar per cent* of 
barium iodide; and with calcium fluoride and iodide, a eutectic at about 62G 13 with 
about 82 molar per cent* of calcium iodide* Mixtures of barium chloride and iodide 
give a eutectic at about 700° with about 91 molar per cent, of barium iodide ; 
and mixtures of calcium chloride and iodide, a eutectic at 050° with 49 molar pec 
cent, of calcium iodide. 


RumtttNcBSL 

I J. Ijh Gay Lunaac* Ann, Chim. Phys,, (1), 91* 5* 1814; H. MoisBtni, i*. P [7J P IS, 280, 1800; 
Lics*Bodart and M. Jobin* tft, (3), 54 363, 1858 ; it, R Baiter arul F. X. lirink, Joum. Amur, 
Cham. Stic.* 3ft 46, 1908 ; O. Henry, Joum, Piuintt, Chim., (2), 13. 408* 1827 ; J. B. BtTthemnt* 
*&,* (2), 13. 415* 1827 ; CL Wemllcr, Zait. Ghent., B. 291, 1803 ; H* Croft, Jour*, prakt, Cham.. f2) r 
SB. 402, 1856 ; J. von, liebig* Liebig'* Ann., 121* 122* 1862 ; R. Rother, Amar, Joum. Piuirtu., 
(4)* 13* 230* 1883 ; IS. Taaeily* ib. t (7)* 17. 113, 1800 ; BitU. Sac. GW* (3), 13, 44ft 1805; Comp. 
Bend., 120, 733, 1695; O. Home, Cham. < knttl., {2)* 33, 174, 1862; R. Phillips, Chemist, 2. 20ft 
1841 ; R. Wagner, Kvnst&awerbeblatt Btiyarischer, 48. 235* 1802 ; K. Kern, Chesn. Nut's. 31. 244, 
1876. 

* O, Aliigge* Nettes Jdhtb. Min., i, 130, 1898; Ven.tr. Min., 105* LOIS; G. Wcrthcr, Joum. 
praH * Client., (1)* 01* 331* 1364; E. Beckmann* ib.. [2J* 2ft 385, 1882, 

3 O. Ruff and W* Plato, Ber, t 35* 3512, 1002; €. H. D. Bodckor, Die Beziehung zn^scken 
Dickie itml ZusarntMetteeizuitg bci fasten lu/uidcn Stojfen, Leipzig, 1860; E. FilhoL, Ann. 
Chim, Phyg,, (3), 21, 415* 1847; G- P- Flutter and F. SL Brink, Journ. Am&* Chim, floe., 30, 46* 
1908; F, W. Clarke, Ber., 12* 1398 r 1870; O* Mugge, Centr. Min., 106, 1918. 

- W. Ramsay and N. EumorfopouLofl* Phil. Mag., (5)* 41. 360, 1806; T, Camclley, Joatu. 
Chan. Hoc., 33. 273* 1878 ; 37. 125* 1880 ; 0, Ruff and W, Plata, Bar., 3ft 2367. 1003 ; E. Luhnr- 
uky, Journ. Russ. Phys. Cham. Soc., 2ft 400, 1890 ; J, L, Gay Lusaac, Ann. Chim. Phys,. (1). 91, 
6U, 1814; U. Mugge, Nanas Jahfb. Mia.* i* 130, 1898: Centr. Min., 105* 1918. 

6 H. Croft, Chem* Gas,, 14. 125, L85G; Journ. prahi. Cham., (i), 68. 402, I860 ; K. Beckmann, 
i&.*(3), 26. 3Bft 1882; (2^ 27, 120, 1883; G. Wcrther, t&,* (l), 91. 331, 1864; J, Thomsen, Her., 
10, 1343* 1877; H, Lesconir* A»w. Chim. Phys,, (7), 2, 110, 1894; K* Tasaily, tb., (7), 17. 48* 
1899 ; Butt. So&.Chtm., (3)* 9. 039, 1898; E. Lubarsky, Jefcm. Buss. Pfojs. Chtm. tioc. t 2& 
460* 1899; A Etard, ^4nK» Chim* Phys„ (7), 2. 528* 1894. 

* P* KreniBJiH, Poffff. Awt-r 10ft 65, 1858; A, Etard* Ann , Chitn. Phys., (7), 2. 528, JSN ; 
(7)* 3. 275, 1894* 

7 G. T. Gerlaob* ZciC anal. Chan,, ft 285, I860; L, C* da Guppct* Comp. Rend. t 134, 1208, 
1903 ; P, Kremnrs, Pogg, Ann. , 11. 60* I860; IL C. Jones and F* H. Getman* Zcit. fhys. Cheat., 
49. 38ft 1904. 

B C, Dietfirioi, Witd. ^4?iit*, 50. 47, 1804 ; H, 0. Jontw and F, II, GcIjumi* ZdU phys. Cht-m., 
49. 38ft 1904 ; P, Bary* C<mp. Band., 130. 770, L900. 

* C, 8heard and CL S. Morris, Ohio Joum. Neiencfi, 10. 113* L910. 

10 R. Q. van Name and W. G. Brown* Atncr* Joum, faience, (4), 44. 105* 1917 ; JJ, 0, Jon<w 
and F* II. Getman, Zeit. phys. Oh?m., 49. 385, 1904 ; H. C. Jones and B. P, Caldwell, Atner. 
Ukem, Joum., 2G. 349* 1901; H* 0. Jonee and C. F. Lindsay, 16.* 38. 329, 1902; W. HiLturf* 
Pogg. Ann 106. 337* 513* 1859. 

II A. Etard, Jim. Chim. Phys., [7), 2- 528, 1874 ; P. Rohland, SZctL a nory. Chctn.t 15. 417, 
1897; W. Eidmann* i?in Baitntg zttr K^intni# dag Verhtthens ch&ai&chcr Verbitttlttngan in nifki* 
wdsttrigen L6#ungen t Gieesen* 1899, 

ia J, L, Gay Lnesao* Ann. Chim. PAyj.,{l), 91.60,1814; M, Rotthelof* t'6.* (5)* 16, 18ft 1878; 
(0)* 16. 442, 1878; S* Kern, Chem. New* t 31. 243, 1875; F. Ephraim and I. Krumblem, Ber. t 
4ft 2007, 1010; W* BUta, Zeit. Eh&TOcKam., 2ft 37ft 1020; F, Gramp, 16 ,* 7. 0723, J874 ; 
C. F* Rammoltberg* Liebig's Aitn. t 28. 223, 1838; E. Benkmann, Joum. pmkt. Chan., (2}, 26. 
38ft 1882 ; (2), 27. 126, 1883; F* Isambert, Comp. Bend,, 66. 125ft 1808. 

A> J. J* Berzeliuj* Pogg. A an.* 1ft 2&6* 1830, J* Meyer* Zeit. anarg. Chtm^, 30* 113* 1002; 
H, SL Dawson and E. E. Gondson* J&urti, Cham. Sac., 85. 796,1904; A. A* Jakowkin, Zeit phys. 
Chem., 2ft 19* 1&06;' A Mosnier* Ami. Chim. Fhy*,, (7), 12, 396* 1807; C, K. Tinkler, Jo urn* 
Cham. Soc .* 91. 906, 1007; F. Olivari* Atti Accad. Lined, [5), IT* ii* 717, 1908; R. G* van Name 
and W. G. Brown, Amor. Joum. Science, (4), 44. 105, 1017* 

11 A Mofirier* Ann, Chim* Phys., (7), 1ft .396, 1807; CL F. Rammelsberg* Liebig** Ann., 
28. 223* 1838; Pogg. Ann., 137. 313, 1369; J. Sebftffer, t'A*, 10ft 611* 1860; C. Robrbach, Wied. 
Ann.* 20.160* 1833; R. F* Weinland and F. Sehlegelnuloh* Zeit. etnorg* Ghent, 3ft 14ft 1002* 



740 


INORGANIC AND THEORETICAL CHEMISTRY 


« ETaw^A^.C^P^.,(7) 1 ir48J&90;-IhdLifec i a^ P (3J J imiSO3i RBwfc- 
mono, Joura. prakl Chem. t (2)* 27, 134, 1363 ; F. A. H- SohrdQtim&kera 'and J, MiHkan, Proc* 
Acad. Amsterdam, 15. 52,1912; J. Mfflkan, ZeiL phys. Chtm., 92. fi», 1918. 

14 E. Defeicqr, Compt, ftend, 138. 197, ItKM \ A*n. Chim. Phyt., (8), 1. 333, 1904; 0, Ruff 
Mid W. Plato, Her., 35. 2357, 1903. 


§ 16, Calcium, Strontium, and Barium Sulphides 

According to W. P, Jorissen and J. H. Wieten, 1 an impure form of calcium 
sulphide is supposed to have played a part in the old Bacchanalia —vide hydrogen 
sulphide, V. Casciorolo’s la]m solom or Bologna stone was an impure barium 
sulphide, and in 1700, F + Hoffmann obtained a product with similar properties 
by the calcination of a German mineral, presumably gypsum. A, 8, Marggraf 
likewise obtained a luminescent product by calcining gypsum. In 1675, C. A. Bald¬ 
win (Latin, Balduinus) found that a like phenomenon was presented by the residue 
obtained when calcium nitrate it* calcined, and the product came to be known as 
Baldwin's phosphorus. In 1730, W. Horn berg heated a mixture of armniak 
with twice its weight of ohaux viw, and obtained a phosphorescent substance which 
he regarded as a muveau phosphate, and which came to be colled Romberg's phos¬ 
phorus. In 1768, J. Canton made a similar substance by calcining a mixture of 
oyster shells and sulphur, and the impure calcium sulphide ho prepared came to be 
called Cantoris phosphorus. 

The mixture of calcium sulphide and calcium sulphate, investigated by 
L. N. Yauquelin, was obtained by calcining a mixture of sulphur and lime: 4CaO 
-|-4S=3CaS+tTa8f>4 1 came to be called hepar sulphuris cakarem. T, von Grotthus, 
(J. F. Waeh, G, Owum, J. F. IhissaignpH described modifications of J. Canton’s 
process; and they prepared phosphori with other bases—tin, cadmium, zinc, arsenic, 
antimony, barium, strontium, etc. F. Forster, T. P. de Sagan, W. F. MeCorty, 
and F, Pfeiffer, A. Vcmeuil, etc., have also discussed the preparation of these 
phosphori. Quite a number of compounds of calcium and sulphur, with and without 
oxygen, have been reported. Similar remarks apply to compounds of sulphur 
with barium and strontium.' The calcium sulphides, hydrosulphides, and oxy&ul- 
phides have an important economical hearing because the eoln. prepared by boiling 
together lime, sulphur, water, etc., is extensively employed as an insecticide for 
scab on animals, and for soft-bodied scale insects on fruit trees. Calcium sulphide 
is a by-product in the Leblanc’s soda process, and is treated for the recovery of 
sulphur—thdfi alkali sulphides. W. Flight and N. 8. Maskelyne reported the 
occurrence of calcium sulphide in an aerolite found at Busti (India). 

R. Bunsen and A, Matthlcsscn, 1 * and R. von Lengycl obtained calcium sulphide 
by the direct union of the elements. J. J. Berzelius prepared calcium mono* 
sulphide, CaS, by passing hydrogen sulphide over red-hot calcium oxide or hydroxide 
free from carbon dioxide and water. The reactions are symbolized; CaO-bH 2 S 
=H E Od-CaS i or Ca(OH) a -hH 2 S=CaS-l-2H^O. V. H. Yeley prepared the sulphide 
by the fee processes, and in the case of c alcium hydroxide, the temp, of the solid 
was maintained at 60° during the action of the gaa. He noted that the excess of 
hydrogen sulphide was retained by the calcium sulphide with considerable perti¬ 
nacity, possibly owing to the soln. of calcium oxide in the water, and the formation 
of calcium hydrosulphide, or by the union of hydrogen and calcium sulphides: 
Ca8+H 2 S—Ca(HS) E , V, H. Vcley also observed that thoroughly dried calcium 
oxide is unaltered by dried hydrogen sulphide, as is also the case with dried calciufh 
oxide and carbon dioxide. The former case, however, is tho more remarkable, 
in that it would appear more a priori probable that the elimination of an 
infinitesimally small proportion of water would cause the reaction to proceed to 
its final completion. Neither J. J. Berzelius nor'L. N + Yauquelin succeeded in 
preparing a polysulphide in the dry way. P. Sabatier passed hydrogen sulphide 
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for an hour over red-hot calcium carbonate, and cooled the resulting calcium sulphide' 
in a stream of hydrogen, A. Forster heated a mixture of sulphur and calcium oxide 
to redness in a stream of hydrogen: 4Ca0+4S=3CaS+CaS0 4 ; and SC&S+CaSO* 
-f4Hg=^CaS+4H20. E. H. Riesenfeld and H, Feld purified calcium mono- 
Bulphide by first dissolving the sulphide in an aq H eoln. of hydrogen sulphide, and 
removing the hydrogen sulphide from the aoln, of calcium hydro&uiphide by suction. 
If air he not excluded^ fie soln, of hydrosulphidc will he yellow owing to the 
formation of polyaulphides, etc. Hence, all operations should he conducted in an 
atm. of hydrogen sulphide. E, Becquerel emphasized the fact that if air he not 
excluded the sulphide will bo partially oxidized to sulphate. 

. P. Bcrthier prepared an impure form of calcium sulphide by heating calcium 
sulphate, or k mixture of calcium sulphate with one-third its weight of charcoal, 
in a graphite crucible to a white heat; and A. Mourlot heated th« mixture of 
calcium sulphate and carbon in an dcctric arc furnace for a few minutes. 
The molten calcium sulphide so formed crystallized on cooling. F, Sestini, 
and A. VioJi reduced calcium sulphate to sulphide by heating it with sulphur, 
C. Stammer reduced calcium sulphate by heating it in a stream of carbon 
monoxide ; and B. Unger, L. Marino, and E, H. Ttiesenfeld, in a stream of hydrogen 
or water gas. 0. Schumann so obtained an 85-86 per cent, yield. H. A. Fagen- 
fttccher (1819) first employed hydrogen for reducing barium sulphate, E. Divers 
arid T. Shvmidzu converted calcium hydrofmlphide, Ca(SH) 2 .!2H. 1 0, into the sulphide, 
by heating it in a stream of hydrogen sulphide first at 65° and finally at 100° ; the 
product was contaminated with a little hydrosulphidc. A. 1 J . Dubrunfaut, and 
A, Scheurcr-Kestnei heated to redness equi-mol. parts of calcium carbonate and 
sodium sulphide : Na a S-f CaCQa—Na 2 CO v j-OaS. According to T. J. Pelouzo, 
sodium or potassium monosulphide precipitates calcium hydroxide from nolm 
of calcium salts, and the alkali hydrosulphidc is formed. E. Sehdne prepared 
calcium sulphide by heating calcium carbonate in a stream of carbon dioxide sat. 
with the vapour of carbon disulphide ; the yield of calcium sulphide is almost quanti¬ 
tative. J. J. Berzelius first used this process for making barium sulphide, 

P. Bcrthier, A. Mourlot, A. Violi, E. Sclione, and 0, Schumann prepared stron¬ 
tium monosulphide, SrS, by the process they employed for calcium sulphide. 
0. Schumann obtained a 66-67 per cent, yield by passing hydrogen sulphide over 
heated strontium oxide. J. R. Mourelo recommended cooling the product in a 
stream of hydrogen. G. Kessler, and S. Kern heated strontium thiosulphate : 
2SrS 2 0 3 ™SrS -f- SrS0 4 +S -f- S0 2 , the mass was extracted with water, and the soln. 
evaporated on a water-bath. J. J. Berzelius, V, H. Veley, 0. Schumann, J. Violi, 

E. Sehone, P. Bcrthier, and A. Mourlot prepared barium monosulphide, BaS, 
by processes similar to those which they employed for preparing calcium mono- 
sulphide. The reaction is utilized in preparing barium salts from heavy spar. 
The product of the reduction by P. Berthier's process, is extracted with water, 
and the resulting soln, of barium sulphide js treated with the required acid, 

J. von Liebig, for ox&mplo, mixed heavy spar wilh about 20 |jor cent, of charcoal or 
soot from bituminous coal, and by means of a paste made from starch, moulded tho whole 
into rods. The rods were dried and l^ated rod hot in a furnace, whdo suitably protected 
from oxidation. Crucibles or saggars can bo usod, and E. F, Anthon had doswribed a special 
furnace for the purpose, C, F, Buchholz recommended tho addition of about 1(1 percent, 
of sodium chloride to tho mixture of heavy spar and charcoal so as to facilitate tho dorom* 
position of the heavy spar. A, Duflng recommended sodium sulphate fn any case tho 
furnace product is dissolved when digested with boiling water, and filtered from the undecom- 
posed heavy spar, charcoal, iron sulphide, etc. 

The reduction of the barium sulphate to eulphide hy means of carhou hoe 
been studied by H. Griineberg, C. F. Buchholz, H. Langsdarf, J. Kuczynaky, 

F. J. Otto, M. Riviere, A. Scheurcr-Kestner, H. Rose, 0, Lenoir, A. Rosenetiehl, etc. 

The crude barytes is crashed and mixed with the proper proportions ot pulverized ooal 
—say one part of coal and four parts of bortyea. The mixture is roasted for about 4 hre, 



742 


INORGANIC AND THEORETICAL CHEMISTRY 


in a rotating reduction furnace* and barium sulphate fe thereby converted to sulphide. 
The black ash containing TO per cent, of sulphide i s extracted, with water. The resulting 
Aoln, of barium sulphide ia the starting-point for the preparation of many other commercial 
Baits. For example, with salt cake it forma the no called bktna Jixe or precipitated barium 
sulphate; with Bocla-odh it forms barium carbonate; with calcium chloride it fonpe barium 
chloride; with Chile saltpetre it forma barium nitrate; etc. Strontium sulphide is made 
in a similar manner L. Marino claim* that water gas is a better reducing a^ent than 
coal. Eh H. Hicsenfeld has studied the reduction of the sulphates of the alkaline earths 
by carbon and. by methane with the idea of extracting the sulphur industrially. 

The purified sulphides of the alkaline earths are white amorphous powders 
or masses. The impurities found in native limestone or gypsum are present, and 
these impart a yellowish or a reddish tinge to the sulphide. The sulphides are then 
phosphorescent, for they are luminescent in darkness ; the pure sulphides are not 
luminescent— utde infra. A. Mourlot's products were masses containing crystals 
of cubes and octobedra belonging to the cubic system. According to W. P, Davey* 11 
X-T&diogr&ms of the crystals of calcium and barium sulphides show a simple cubic 
lattice. The side ol the elementary cube is 5 64 A. with calcium sulphide, and 
6'40 A, with barium sulphide; the closest approach of the atoms on calcium 
sulphide is 2'82 A, and 3'20 A., with barium sulphide. According to A. Mourlot, 
at 15 s , the specific gravity of amorphous calcium sulphide is 2 25, and when 
crystalline, 2 80 ; amorphous strontium sulphide, 3'35, and crystalline, 3'70; and 
amorphous barium sulphide, 4'18, and crystalline, 4 30. 

The heat of formation of calcium sulphide, according to 1 J . Sabatier, is (Ca, S) 
—920 Cals.; of strontium sulphide, (Sr, S)=99'2 Cals,; and of barium sulphide, 
{Ba, S)=102-5 Cals, J. Thomsen gave (Ca, S, aq,)—11023 Cals. (Sr, S, aq.) 
—104 68 Cals,; and (Ba, S, aq.)=l07 07 or x —4084 Oak, where x represents 
the heat of formation of the sulphide. M, Berthelot gave Ca(GH) 2 +H£S Qn .=78 
Cak P. Sabatier gave for CaO+H 2 S^—CaS4-H 2 O p!I!H -bl3'6 Cals.; and for 
the corresponding reaction with strontia, 216 Oak ; and with baryta, 221 Cals. 
P. Sabatier gave for the heat of solution for calcium monosulphide, 6 3 Cals.; 
for strontium monosulphide, 6 8 Cals.; and for barium monosulphide, 7'3 Cals. 
He gave for the reaction CaSH-£HClj l(l ,, 26 3 Gals.; SrS-{-2HCI a[ j., 21(1 Cals.; 
for BaS+2HCl at( H, 27 2 Cak ; he also gave for the oxidation, OaS-bO—CaO 
+S w im, 40 0 Cals., and with gaseous sulphur, 37‘40 Cals,; for the corresponding 
reaction with strontium sulphide the numbers are respectively 33’[> and 31 0 Cala, ; 
and with barium sulphide, respectively 3l + 5 and 28'9 Cals, Again, for the heat 
of oxidation of calcium sulphide to sulphate : CaS-b 20 2 =CaSQ 4 -4-227 0 Cals. ; 
strontium sulphide, 230 60 Cals.; and barium sulphide, 23(i'50 Cals. B t Yaillant 
found the electrical conductivity of calcium sulphide rapidly increases with temp. 
The action of water on the sulphides of the alkaline earths,— According to 
E, H. Riesenfeld and H, Eekl, 4 a litre of water at 20° dissolves 0 2120 grin, of 
calcium monosulphide, and the solubility is greatly augmented if hydrogen sulphide 
be present when the monosulphide passes into hydrosulphide—According 
to A. Mourlot, when crystalline calcium monosulphide is heated with air-free water, 
it is rapidly converted into a mixture of calcium hydroxide and hydrosulphidc, 
and hydrogen sulphide is evolved. E. Terras a^d K. Briickner found that the same 
remarks apply to strontium sulphide, hut when barium sulphido is extracted with 
water at all temp, up to 100 s , barium hyditayhydrosulphide, Ba(&H)(GH).5H£Q, 
is formed. This is fairly stable, and under no circumstances can barium hydroxide 
be separated from the soln, by crystallization. When strontium sulphide is treated 
with coiling water, the soln, deposits crystals of strontium hydroxide on cooling. 
These facts explain many failures to manufacture barium hydroxide from barium 
sulphide. Crystalline calcium sulphide is peculiar in that it is more readily attacked 
by water than the amorphous sulphide. As a rule, the amorphous form of a com¬ 
pound is the more susceptible to attack by chemical agents. C. Lauth found that 
when calcium oi barium sulphide is heated to redness in a current of steam, hydrogen 
sulphide and the corresponding oxide are formed. According to 0. Schumann, 
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calcium sulphide also furnished a little calcium sulphate, and ho found strontium 
sulphide is oxidized to the sulphate by water vapour, H. V. Rognault said that 
steam resets with red-hot barium sulphide forming barium sulphate and hydrogen. 
The reaction was also studied by 0. Lenoir, E. H, Riesenfeld showed that an 
excess of steam favours the desulphurization of calcium sulphide by the reaction 
CaSH-H B 0=Ca0+H^S; but, partly in consequence of the dissociation of the 
hydrogen sulphide, and partly in consequence of its reaction with water vapour, 
as shown by M, Randall'and F, R. von Bichowaky, the sulphur was obtained in the 
form of sulphur dioxide, or elementary sulphur. The latter predominated when an 
excess of steam was used. When amorphous calcium sulphide is boiled with an 
excess of water, frequently renewed, H, Rose found that calcium or barium sulphide 
is slowly converted into a soln. of hvdroaulphidc, and a residue of the hydroxide 
mixed with a little undecomposed sulphide, e.fl. 2BaS4-£H 2 G^Ba(OH) 2 -[-Ba(8H) 2 , 
and, added T. J, Pelouze, some hydrogen sulphide is simultaneously evolved. 
According to A. B£champ, calcium monosulphide is but slightly soluble in water, 
the solubility is augmented by raising the temp,, and J. Kolb found that; 

JO' IS* 40* 60* no* 

Grm. CaS ♦ , 0115 0*23 0 30 0 48 0 33 pee litre 

F. Stalled numbers are not consistent with J, Kolb's, and they are indicated below, 
A prolonged contact results in what appears to be increased solubility. H. Bose 
believed it to be very doubtful if calcium sulphide can exist in aq, soln, According 
to P. de Clermont and J. Frommcl, the reaction is more vigorous the higher the temp.; 
and, according to R. Rickmann, the presence of calcium chloride facilitates the 
decomposition of calcium sulphide by water. The sulphide is really hydiolyzed 
by water: 2 CaS-f- 2 H 2 O?=^Ca( 0 H) 2 -pCa(SH) 2 ; or, expressed ionically: S"+H 2 0 
^SH'-j-OH'. It might, therefore, be anticipated that the solubility of calcium sub 
phidc in water will be diminished by soluble hydroxides, as was found to be the case 
with sodium and calcium hydroxides. Tims, a soln. of wlcww hydroxide, lime water 
at 14°, dissolves the same quantity of calcium sulphide as water alone, and at 60° 
it dissolves 018 grm. of calcium sulphide. Milk of lime at 60° waa found to dis¬ 
solve O'55 gnu. of calcium sulphide. Again, water at 10°, containing the eq. of 
4 to 102 gnus. of sodium hydroxide, per litre dissolves only traces of calcium sulphide ; 
at 40° to (30°, or at the b.p,, considerable amounts of sodium sulphide are formed, 
and this the more the greater the cone, of the soln. J. Kolb also found that the 
solubility of calcium sulphide in water between 10° and G0° appears to be slightly 
diminished by sodium chloride, and increased by sodium sulphate. W. Gcssage 
stated that calcium sulphide is not decomposed by an aq, soln, of sodium carbonate, 
but, added. J. Kolb, the carbonate is decomposed if it bo in cone, soln., if the action 
be long continued and if the soln. be warmed ; if sodium or calcium hydroxide 
am also present, the action between calcium sulphide and sodium carbonate is 
retarded. F. Stolle has measured the solubility of calcium sulphide in soln. of 
sugar, at different cone,—selecting the extreme limits employed by him, the 
amounts in grams of calcium sulphide dissolved by a litre of water, and of a soln. 
containing 5G per cent, of sugar ar^: 



30° 

40* 

00" 

60* 

70" 

SO* 

W* 

Water alone . 

I-082 

2123 

1-235 

1 300 

1G0G 

2-032 

2*400 

65 per cent, auger solo, . 

2 500 

2-220 

2 340 

2-382 

2-706 

2072 

3-010 


C. L. BertWlet found a soln. of strontium sulphide in boiling water gives crystals 
of octohydrated strontium hydroxide on cooling, and, according to H. Rose, the 
mother liquid contains the hydrosulphide ; while if strontium sulphide is treated 
with a small proportion of water, strontium hydrosulphide passes into soln., and 
if the residue ia again extracted with water, strontium hydroxide is mainly dissolved. 
Anhydrous barium sulphide prepared at a temp, below red heat has not been de-' 
scribed, H. Row, and E. Schbnefound an aq. soln. of barium mono-or poly sulphide 
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when evaporated in vacuo furnishes thin, white, colourless plates of htxflhydiatod 
barium sulphide, BaS.6H 2 0, or possibly pentahydrated barium hydroxyhydro- 
sulphide, Ba(OH)(SH).5H s O; if the crystals are contaminated with the mother 
liquid, they have a yellow tinge; and, according to H, Rose, they are coloured yellow 
bye xposure to air. E. Schone found that at 100° the water of crystallization and 
some hydrogen sulphide is given off, and above $50°, hydrogen sulphide and sulphur 
are evolved, and the residue is a mixture of barium sulphide and sulphate with 
a little sulphite. When the crystals are extracted with a little water, H. Rose found 
that barium hydrosulphide passes into soln, and the hydroxide remains ; and when 
boiled with a large proportion of water, E. Scheme found that the crystals gradually 
pass into soln,, giving a clear liquid which when treated with acids gives off hydrogen 
sulphide without the decomposition of sulphur. When the crystals are boded 
with alcohol, some hydrogen sulphide is given off, but the sulphide does not dissolve. 
According to W. Eidmann, calcium sulphide is soluble in m dhylal. For the month 
hydrated barium sulphide, BaS.HjO, see barium hydroxy hydrosulphide. 

The chemical properties of the sulphides of the alkaline earths.— When a sul¬ 
phide of the alkaline earths is exposed to air, it is decomposed by the action of water 
and carbon dioxide, and the compound smells of hydrogen sulphide, for this gas is con¬ 
tinuously evolved* At the same time, the mass acquires a pale yellow colour owing 
to the formation of what H. Rose rogaHcd as oxysulphides. According to B. Unger, 
moist calcium sulphide is readily oxidized by the oxygen of the air, forming calcium 
thiosulphate. According to A, Mourlot, crystalline calcium monosulphide is not 
reduced by hydrogen, but when heated in oxygen, it is quantitatively oxidized to 
the sulphate, but no sulphur dioxide is formed. Similar results were obtained with 
strontium and barium sulphides. The sulphides of the alkaline earths were found 
by A* Mailfert to form sulphates when exposed to ozone. A* Mourlot found that 
fluorine reacted with the cold sulphides of the alkaline earths, heating the mass red 
hot and forming the corresponding fluoride as well as sulphur fluoride; chlorine 
reacts with barium sulphide in a similar manner at a suitable temp.; and bromine 
and iodine react with greater difficulty. The hydrogen halides decompose the cold 
sulphide with a slight rise of temp. The sulphides give off hydrogen sulphide when 
treated with dilute adds, When heated with sulphur, poly sulphides arc formed— 
vide infra. H. Fcigel studied the action of a benzene soln, of sulphur chloride on 
the dry sulphides of the alkaline earths, and obtained a yellow product; and 
in the action of sulphur chloride in benzene soln h on calcium sulphide, he obtained 
a yellow precipitate of a phenyl sulphide. Dil. sulphuric acid furnishes hydrogen 
sulphide; but A, Mourlot found that fuming sulphuric acid decomposes the 
sulphide with the separation of sulphur. < 

According to P* Berthier, dil, nitric acid, or aqua regia, gives off hydrogen sulphide, 
but V, H. Yeley found that the sulphide becomes red hot, owing to the vigour of the 
reaction, if cone, nitric acid is dropped on the compound, and A. Mourlot found that 
with the cone, acid, an evolution of nitrous fumes and separation of sulphur occurs; 
with phosphorus pentonde, sulphur dioxide is formed and the mass becomes red 
hot; with phosphorus trichloride, PC1 3) or phosphoryl chloride, FOCI#, a sulphide 
of the alkaline earth is completely decomposed, and phosphorus sulphide is formed ; 
A. Baudrimont obtained similar results with phosphorus pentaehloride, PCI 5 ; and 
A. Mourlot found that with arsenic trichloride, AsCl 3l arsenic sulphide is formed. 
According to A. Mourlot, when the sulphide is heated in the electric arc furnace 
with carbon, the corresponding carbide is formed. According to E. Sohone, carbon 
dioxide decomposes heated barium sulphide, forming the carbonate, and if the carbon 
dioxide is dry, free sulphur is sublimed, but if moisture be present, 0. Lenoir found 
that hydrogen sulphide is formed, and this same gas is evolved when moist air is 
passed over the heated sulphide. If carbon dioxide be passed through an aq. soln. 
of the sulphide, barium hydrosulphide is formed as an intermediate product. 
According to B. Unger, if carbon dioxide be passed slowly over red-hot calcium 
sulphide, some carbon monoxide is produced. E. H. Biesenfeld has shown that the 
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equilibrium, GaS+HjO+CO^CaCOa+HjS, oannot be utffized for the desulphuriza¬ 
tion of calcium sulphide, because the temp, at which the action ia sufficiently rapid, 
favours the re-formation of calcium sulphide. According to J. Kolb, dried calcium 
monoaulphide is not altered by dry carbon dioxide* 

According to P, Berthier, when equi-molar parta of barium sulphide and lodium 
Carbonate are fused together, a pale brown opaque mass is obtained which, when 
treated with water, furnishes a soln. of sodium sulphide and an insoluble residue of 
barium carbonate. J. IV. Kynaaton found that when calcium sulphide is heated 
with sodium hydroxide, aodium sulphide and calcium oxide are formed. Aq. soln. 
of barium sulphide with the metal hydroxides give barium hydroxide and the metal 
sulphide which is often united with the barium sulphide. A. Rosenatiehl found 
this is the case with calcium, manganous, ferric, and ferrous hydroxides, while with 
ainc hydroxide, the metal sulphide does not unite with the barium sulphide. Oxidiz¬ 
ing agents like lead dioxide, potassium chlorate, and potassium nitrate react 
vigorously when heated with the sulphides of the alkaline earths—according to 
P* Berthier, there is an “ imperfect ,r detonation with the mixture of barium sulphide 
and potassium chlorate, and a “ perfect ” one with potassium nitrate. A. Mourlot 
found that chromyl chloride, OrO £ Cl a , Teacts vigorously with the sulphides of the 
alkaline earths. F, Mohr found ferric oxide and manganese dioxide do not act on 
tailing soln, of barium sulphide, but when evaporated with the latter, some barium 
sulphide is formed. 

According to A. Brochet and G. Hanson, when a conn. koIu, of barium sulphide 
is electrolyzed at 60 D ^65°, sulphur, barium hydroxide, and hydrogen are formed. 
The sulphur forms polysulphides with the barium sulphide, and these are reduced 
by the hydrogen to sulphide and hydrogen sulphide* In dil. sole, sulphur, sulphite, 
thiosulphate, and sulphate are formed, and as these oxidized products are insoluble 
they are deposited on the anode. Platinum, iron, nickel, carbon, or lead may be 
used as anode. Copper behaves as a soluble anode* The addition of sodium 
chloride has no effect on the general course of the electrolysis, but if iron or nickel 
be used as electrodes, they behave like soluble anodes. Increase of cathodic current 
density has little effect. The primary action when barium sulphide soln. is electro¬ 
lyzed with the electrodes separated by a diaphragm is the same as when no diaphragm 
ia used ; sulphur and poly sulphides are formed at the anode, and the cathode 
chamber contains barium hydroxide, hydrogen being evolved at the cathode. The 
barium hydroxide diffuses into the anode compartment, but as it has no action on 
the soluble polysulphides it may be recovered, since it separates on cooling the soln. 
The electrolysis of barium sulphide sola, offers a convenient method for the 
manufacture of barium hydroxide. 

The rtmtodummaseerice oi the sulphides of the alkaline earths,— The photo- 
luminescence or phosphorescent action which occurs when the so-called Bolognian 
and Canton's phosphor! have been exposed to sunlight or the electric light, has 
attracted much attention. The duration and intensity of the phosphorescence is 
determined by a number of factors—nature and amount of impurity ] the temp.; 
the intensity and duration of the light stimulus; etc., so that apparently discrepant 
statements of the duration of the phosphorescence have been reported. Thus, 
J* F* Dessaignes s found Canton's phosphorus will shine for 10 hrs, after being 
exposed to sunlight for 10 secs., and T. von Grotthus found it to shine for five days; 
while F, M, Zanottus found that 1-2 secs, 1 illumination suffices to make Bolognian 
phosphorus luminesce for about 30 mins. L t J, M* Daguerre found that Bolognian 
phosphorus will shine for 48 hrs. after it has been insolated ; P, Heinrich said 1 hr, \ 
G. Osann, 4 mins,; and J t P, Dessaignes, SO secs, J. P. Dessaignes and P. Heinrich 
found that a momentary illumination lasting 10 secs, produces as bright and lasting 
a phosphorescence os a long-continued insolation. 

Instruments calkdpAtwpAorwciopes have beendeeignedbyE.BecquereljW. Crookes, L 
E t Wiedemann, C* de Watteville, and P. Lenard for measuring the duration of 
short-lived phosphorescences, J. R, Mourelo showed that with calcium, strontium, 
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barium, and imo sulphides the effect ia mote intense and of longer duration when 
stimulated by diffused light; bright sunlight shortens the duration and lessens the 
intensity of the phosphorescence. Diffused light also increased the sensibility of 
the substance to light stimuli, and this sensibility may he augmented by repeated 
exposure, and J. R, Mourelo developed the sensibility of a specimen of strontium 
sulphide to such a degree that the light of a candle sufficed to excite the phos¬ 
phorescence, Again, if the phosphorescence of the strontium sulphide be of sufficient 
intensity, it can excite the phosphorescence of another sample of the sulphide, hut 
to a less degree. This phenomenon has been termed auto-excitation. In illustration, 
when a flask of phosphorescent sulphide is exposed to light, only the outside layers 
are directly stimulated by light, but yet the mass is phosphorescent in zones of 
decreasing intensity towards the centre of the flask. The phosphor! retain their 
peculiar properties so long as they are not chemically changed, and therefore those 
which are liable to oxidize and change when exposed to air must bo preserved in 
sealed tubes. According to D. Gernez, alkaline earth sulphides lose their property 
of phosphorescing when exposed for a long time, but heating the substance in a 
current of dry hydrogen acts as a restorative—probably by reducing the sulphates, 

F, M, Zanottus stated that Bolognian stone phosphoresces in vacuo. 

F, M, Zanottus experimented on the effect of coloured light on the phosphorescent 
substance. He inquired whether the phosphorescent light is the same as the excit¬ 
ing light; he stated that the luminosity is whiter or redder than the exciting light, 
and that the colour of the phosphorescence is the same whether it is excited by 
exposure to red or blue light. He thought the phenomenon was due to a kind of 
internal combustion of the stone. J. Herbert experimented on the same subject 
in 17(13 ; and in 1771, J. B. Beccaria proved that light which is absorbed is alone 
capable of exciting phosphorescence , In 1775, B. Wilson ascertained that the most 
refrangible rays, near the violet end of the spectrum, are the most active, while the 
least refrangible rays, near the red end of the spectrum, may even quench tbit 
phosphorescence excited by the other rays. In 1777, L, Euler expressed the 
opinion that the smallest particles of the phosphorescent body have a definite period 
of oscillation, and that light of the same vibration frequency can set these particles 
vibrating so as to enable them to emit light. The action of light of various colours 
was also studied by W. L, Krafft (1777), M. de Magallan (1777), A. A. Scherer (1795), 

G, Oaann (1825), T. von Grotthus (1815), C. L, Morozzo (1786), J. W, Ritter (1003), 
and P. Heinrich (1820), etc, E, Becquerel ascertained that the property possessed 
by light of rendering certain bodies luminous in the dark appears to reside, if not 
entirely, at least to a great extent, in the violet rays, whilst the red rays are com¬ 
pletely devoid of this property, T, J, Seebeck, J, B, Biot, and F. J, Arago 
showed that the invisible ultra-red rays render a phosphorescent body luminous, 
or visible, whilst when plunged in the visible red, yellow, or green rays, the same 
body is not rendered luminous, and the luminescence previously excited by the 
invisible rays is quenched. E. Becquerei and E. Wiedemann concluded, as 
J, B. Bcccaria had done previously, that those rays which are absorbed by a body 
can alone produce phosphorescence ; rays which are not absorbed do not induce the 
phenomenon, 

E, Becquerei, E. Lommel, W, de W. Abney, and P, Lenard have studied the 
spectrum of the phosphorescent light. In general, the spectrum consists of one or 
more continuous bands having maxima at different wave-lengths determined by the 
nature of the phosphorescent substance. Thus, there are three maxima with 
calcium sulphide which phosphoresces with a blue light—the first in the yellow with 
A^=0’5&4; the second in the green with A=0 + 517; and the third in the blue with 
A =4]'462, The position of the maxima are determined by the impurities in the 
sulphide; and P, Lenard stated that the wave-length in vacuo of such a maximum 
determined by a given impurity is proportional to the dielectric k of the containing 
medium. If 4=^* be true, then tho wave-length in the substance corresponding 
to such a maximum ia always the same. 
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The colour of the phosphorescent light is less refrangible thou the incident light, 
thus Bologman phosphorus excited by blue or violet light, shines with a- yellowish- 
red light* and Canton’s phosphorus under similar conditions shines with a yellow 
or rose-coloured light. The light which is capable of exciting a green phosphorescent 
hand consists of one or more bands in the spectrum. All wave-lengths correspond¬ 
ing with a maximum exciting power are shorter than those of the maximum of the 
phosphorescent bands which they excite, but the band of the exciting light may 
overlap that containing the phosphorescent light. In general, therefore, the incident 
light is of shorter uwve-lenglh and greater frequency than that of the excited light . This 
is in accord with G, G* Stokes’ law, cited in connection with the fluorescence of the 
halogens. The intensity of the phosphorescence increases up to a maximum with 
a rise of temperature , but it is of shorter duration. E* Dreher found that the phos¬ 
phorescence endures longer at —15° than at 20°, and it vanishes at 40°. F* ?♦ le 
Roux, and R. Pictet and M. Altschul found that illuminated calcium sulphide does 
not phosphoresce if cooled down to —100°, but as the temp, rises, the phos¬ 
phorescence appears. J, Canton, T, vonGrotthun, andG. Osann stated that Canton’s 
phosphorus, which has ceased to shine at a certain temp., will phosphoresce again, 
even months afterwards, when its temp, is raised— e<g. by boiling water—but it 
afterwards requires renewed exposure to make it shine again. 

L. Vanino and E> Zumbusch found that the luminosity is augmented by covering 
the phosphori with hot water, bensenc, amyl alcohol, glycerol, acids, anhydrides, 
bases, and salt soin. Uninsulated calcium and strontium phosphor! become luminous 
by this treatment— thermo-iumineseence. Hot sulphuric achl causes calcium phos¬ 
phori to emit a blue light; strontium phosphori, a green light; and barium phos¬ 
phori, an orange-yellow lights there is simultaneously an evolution of hydrogen 
sulphide, The phosphorescence is also augmented by treating the stones with water 
along with a reagent which develops heat by contact with water. Bolognian phos¬ 
phorus insolated at — 31 u , waa found by T r von Grottbus to shine at 10° longer, and 
with greater intensity, than when exposed to light at 31° ; G. Osann found that 
freshly prepared and warm phosphori acquire little or no luminosity by exposure 
to light, it is only when cool that they are susceptible ; and E. Becquerel found that 
Canton’s phosphorus inflated at 100°-200° exhibits but little phosphorescence, 
and the effect of temp, on the colour of phosphorescent strontium sulphide is : 

-i2t> n 4i> J 7o fl red* soa* 

l’alo viiiJet ViuleHiluo l*ale blue Green Yellow Tale orangn 

The ahange is not always so marked as this. It will be observed that with a rise of 
temp, the colour moves towards the less refrangible red end of the spectrum. 
J. Dewar found that the phosphorescence of the alkaline earth sulphides ceases at 
a temp, of —0°, but they arc yet capable of absorbing light energy, so that when 
the sulphide is insolated at —SO 0 , it phosphoresces when wanned up to ordinary 
temp. If the light stimulation be at a still lower temp., the intensity of the resulting 
phosphorescence is increased, M. Curie studied the action of the red and infra-red 
rays on phosphorescent substances. P. Lcnard and V. Klatt showed that the 
phosphorescent glow is decreased b^ r pressure, and the colour is at the same time 
altered. C. Gutton found that the luminescence is perceptibly increased in a 
inagnetic field. 

The method of preparation, and the nature of the raw materials baa an important 
influence on the phenomenon. The sulphides of a high degree of purity do not 
exhibit the phenomenon, while E. Becquerel showed that the sulphides produced 
from different specimens of native calcium carbonate, furnished an orange, yellow, 
green, or violet phosphorescence. The phenomenon seems to be dependent on the 
presence of some foreign substance* In 1791, J* Marchetti attributed the phos¬ 
phorescence of Bolognian atone to the presence of a little hepar mlphures, and in 1909, 
L. Vanino and E. Zumbusch stated that the phosphorescence of Bolognian stone is 
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mainly dependent on the presence oi a small proportion^-say, O'5 to 2'5 per cent,— 
of a polysulphide, They prepared a good phosphorescing sample of Canton’s 
phosphorus by heating calcium oxide with sulphur at 1200°. The quality of the 
sulphur was found to bo immaterial, but the quality of the lime is of vital importance. 
It was found that preparations from calcium hydroxide or carbonate are of good 
quality. Barium and strontium oxides are rather fusible to be used alone, and they 
are mixed with the carbonates; the thiosulphates were found by L> Vanino and 
J. Gans to give good results. The total amount of sulphur in Canton’s phosphorus 
may vary from 12 to 30 per cent., hut if the sulphur content is slightly greater than 
this, the luminosity is impaired. Whenever poly sulphides could, not be detected, 
the phosphor! were but feebly luminescent, and the addition of a small proportion 
of sulphur to feebly luminescent phosphori, free from poly sulphides, enhanced the 
phosphorescence to a marked degree. The phosphorescence also depends on the 
texture of the product. The hard, stony varieties of the monosulphide phosphoresce 
feebly or not at all. The addition of metal oxides improves the photo-luminescence. 
According to E. Tiede and A. Schleede, pure fused alkaline earth sulphides are 
phosphorescent. 

P. Bseteau prepared pho&phoroiiccnl calcium Rulphidc by heating tr mixture of calcium 
carbonate with 15 times its weight of sulphur in a crucible at a dull red heat for an hour. 
The cold mow* was ground to a pauto with alcohol. And sufficient alcoholic sold, of basic 
bismuth nitrate wan added to introduce one part of bismuth to i0,000 parts of the sulphide^ 
The mixture was dried in air, and slowly cooled. The product has a violet phos¬ 
phorescence. The phonphurogrn — ytrvda, I produce—bismuth can bo replaced by moly¬ 
bdenum, vanadium, or lungaten. 

Tho presence of traces of foreign metal sulphides—copper, lead, bismuth, thorium, 
and thallium—modifies the colour and intensity of the luminescence. According to 
L. Vanino and E. Zumbusch, it is astonishing what a small proportion of these 
metals is required—often one millionth part of copper, manganese, bismuth, etc,, is 
effective, H> Jackson found that in some cases the amount of impurity is too small 
to be detected by ordinary chemical tests. Different phosphorescent colours are 
produced by using different metak For example : 

Rlj A\ tfn tta 11 Zn HI 

Crimson Red Yellow Yellowish -green Given. Hliiinh-green Blue 

1 *. Lenard and Y. Klatt found that a certain proportion of the impurity corresponds 
with a maximum effect of phosphorescent, the effect being diminished if the amount 
of impurity is increased or diminished. 

The effect of additions of traces of the exdtm, bismuth, manganese, lead, anti¬ 
mony, cadmium, mercury, tin, copper, platinum, uranium, zinc, and molybdenum, 
was studied by A, Verneuil, £. Becqucrel, L. Bmninghaus, J. R. Mourelo, J. de 
Kowalsky and C, Gamier, L. E. 0. de Viseer, 0. Prager, V, Wantig, L. Vanino and 
J. Gans/etc. The presence of cobalt, nickel, iron, or silver seems to diminish 
appreciably the phosphorescence. According to E. Becquerel, the presence of some 
alkali appears to be necessary—lithium and sodium salts produce a greenish light; 
and rubidium salts give a fiery-red luminescence ; while potassium salts produce 
but little effect, L. Vanino and E, Zumbusch observed that sodium sulphate 
{m.p. 880°) and lithium carbonate (imp. 660°) have & greater effect than potassium 
sulphate (m.p. 1074°) in increasing the phosphorescence, and that generally salts 
of a low m,p. have more influence than those of a high m.p. Too much of any of 
these salts does not favour the phosphorescence. The presence of 2 per cent. of 
lithium carbonate gives a bright luminescence, while 12 per cent, is less luminous. 
It was also found that a salt of silver, gold, or platinum, ultramarine, arsenic sulphide, 
or Th£nard’s blue has very little influence on the phosphorescence. Reducing agents 
like starch prevent the phosphorescence if present m large quantities, but smaller 
amounts favour the luminosity; e,g. 4 per cent, of starch or cane sugar has a 
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good influence, but this is not the cose with lamp-black. P* Lenard showed that 
phosphorescent sulphides contain three components - (i) a compound of, say, zinc, 
calcium, strontium, or barium with sulphur; (ii) a heavy metal—bismuth, man* 
ganese, nickel, copper, uranium, thallium, platinum, etc*—which is present in 
minute proportions as a readily soluble salt; and (hi) a flux—an alkali salt, fluor¬ 
spar, etc* The heavy metal exists in the form of a solid solm in the sulphide of the 
alkaline earth or zinc, P, Wantig produced phosphorescent sulphides with constantly 
increasing proportions of the heavy metal, and found 800° to be the most advan¬ 
tageous temp* of calcination ; it is assumed that a sat. solid solo, of the heavy metal 
is formed. At higher temp* some of the heavy metal is volatilized. 

Robert Boyle, J. Canton, and the early observers assumed that material light 
is actually absorbed by the phosphorescent body. The general idea is that light or 
some associated form of energy is held by the substance in the form of a strain, and 
during the recovery from the strain, light is emitted* One set of hypotheses—A. Dc- 
bierae, E. Wiedemann and 0. C. Schmidt, E. L. Nichols and E. Merritt, etc.— 
assumes that under the influence of light a substance A is converted into a new 
substance B, which is reconverted to A when the stimulus is removed, and lumi¬ 
nescence is the energy evolved as a result of the transformation of B to A. Another 
group of hypotheses—L. E, 0* de Yiaser, G. T. Beilby, etc*—explained the necessary 
presence of minute traces of impurities by assuming a solid soln. is formed, and that 
the solute is ionized in the act of soln. ; the ions are still further split into electron- 
like particles by exposure to light. When the stimulus is removed, the latter re¬ 
unite to form ions, and the phosphorescence is produced in the act of combination* 
In the electron theories of J* Stark, I\ Lenard, H. 8. Allen, etc*, it is assumed that 
under the influence of light electrons are emitted from certain centres, and not 
uniformly from the whole area of the alkaline-earth sulphide exposed to light. The 
areas from which the electrons have been liberated acquire a positive charge of 
electricity, while the electrons themselves become attached to the sulphur atoms* 
Phosphorescence occurs when the electrons return from the sulphur atoms to their 
original centres, and in the consequent neutralization of the charges. 

It is assumed by P. Lenard that the centres of emission with the calcium-copper 
sulphide is a complex Ca^Cu^S*; and the calcium sulphide forms a closed-chain 
molecule, with the added metal forming a kind of side chain: 

I—8—Co—... 
tJiTcu 

A complex ray of light splits uff an electron, which after the lapse of a certain interval 
of tiihe returns to its former position. The oscillations of the liberated electron 
induce sympathetic vibrations in another electron—the emission electron. The two 
kinds of electrons have been compared with ** two electric vibration circuits such as 
are employed in wireless telegraphy, one of which excites the other to a sympathetic 
vibration by means of resonance/’ The emission electron sends oS light rays when 
its period of vibration coincides with that of the liberated electron* The period of 
vibration of the latter becomes less and less until it is Anally smaller than that of 
the first; otherwise expressed, the ipravedongth of the exciting light is shorter than 
that of the excited light—Stokes 1 law. When the insolated sulphide is cooled to 
the temp, of liquid air, no phosphorescence occurs, because it is assumed that the 
electrons split off do not return, and the energy is in a measure stored up* If the 
temp* is allowed to rise, the sulphide becomes feebly phosphorescent, because the 
electrons slowly return to their original centres corresponding with a quiet uniform 
emission of light. If the insolated sulphide be heated by a Bunsen flame, the 
phosphorescent light is brilliant, because the electrons return with great rapidity ; 
when the original state is restored, the sulphide loses its capacity to phosphoresce 
until it is re-Ulummated. 

W. F* Jorissen and W* E. Ringer compared the phosphorescence of calcium 
and barium sulphides with that offfidot*e blende. T* J. Seebeck, T. von Orotthns, 
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and P. Heinrich noted that C&nton r s phosphorus becomes luminous when placed 
in a glass tube over which an electric discharge is passed, J, P. JJeMa^nea found 
that the phosphorescence produced by exposure to the light of an electric discharge 
has the same colour and duration as when produced hy ordinary light, and, accord¬ 
ing to T. von Grotthus, the phosphorescence excited by the electric light is brighter 
thin that excited by ordinary light. T. J. Pearsall, A. C, Becquerel, J, B. Biot and 
E. Becquerel, J. W. Draper, C. Matteucoi, K. Kortum, J. Tjrowbridgo and X E. Bur¬ 
bank, and H. Dufour, studied the efiects of electricity on phosphorescent minerals; 
H. E. Armstrong and T. M. Lowry, the relation between the phosphorescence of 
calcium-bismuth sulphide mixture and its radio-activity. H. Becquerel studied 
the effect of radium radiations ; J. Lepinay, and E. A. Bichat, the effect of N-rays ; 
A. W. Hofmann, J, Precht, and P. Bary, the effect of X-myB and Becfluerel’s rays ; 
E. Becquerel, H. Jackson, E. Goldstein, and P. Lenaid, E. Wiedemann and G. C. 
Schmidt, the effect of cathode rays, on the phosphorescent sulphides of the alkaline 
earths. E. L, Nichols and D. T. Wilber found that purified calcium sulphide, like 
calcium oxide, exhibits flame luminescence. P. Vaillant found the photodectrical 
conductivity of a thin plate of calcium sulphide exposed to light increases up to a 
maximum and then rapidly diminishes. In darkness the decrease is continuous, 
and is immeasurably small after five days. The results are not due to changes of 
temp. B. Gudden and R♦ Pohl studied the photoelectric conductivity and phos¬ 
phorescence of calcium sulphide. 

The hydrosulphides of the alkaline earths— J. J. Berzelius 6 prepared aq. soln. 
of hydrated calcium hydrosulphide* CafSHJg.CQgO, by passing hydrogen sulphide 
into water in which calcium hydroxide or sulphide is suspended so long as the gas 
is absorbed. A relatively large proportion of water must he used in order that all 
the calcium hydroxide or sulphide can be converted into the soluble hydrosulphide ; 
if the proportion of water is too small, some calcium sulphide remains undissolved, 
E, H> Riesenfeld and H> Feld found for the solubility, S , of calcium hydrosulphidc 
—grams per 100 c.cin water in the presence of hydrogen sulphide at the partial 
press., p, 
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Calcium sulphide of a high degree of purity can be mode hy extracting the crude 
material with aq. hydrogen sulphide under press, and in the absence of air, and 
precipitating the calcium sulphide by removing the hydrogen sulphide froln the 
soin. at a low press. 

Water is needed for the production of hydrosulphide; however long the gas may bo 
passed over calcium hydroxide, the monoaulphide is formed with but a trace of hydro- 
sulphide in consequence of the small amount of water set free from the hydroxide—the 
reaction is incomplete. Cone, soln. of calcium chloride and potassium hydrosulphide 
give a slimy precipitate with the evolution of hydrogen sulphide, whereas dil. soln. 
give no precipitate because of the formation cf the soluble calcium hydrosulphide. 
For an analogous reason, T. Graham showed that moistened calcium hydroxide 
absorbs the gas very much more slowly than if it is mixed with sodium sulphide; 
because, in the latter case, calcium sulphate and sodium hydrosulphide are formed, and 
the latter, unlike calcium hydrosulphide, can exist when only a little vrtter is present. 
The soln. prepared by T. J. Felouze contained only 7 per cent, of hydrosulphide— 
any calcium hydroxide in excess of this remains undissolved without poasing into 
the manosulplude ; hut ha obtained more cone. soln. of the hydrosulphide by using 
calcium sulphide, or a soln. of the so-called sugar-lime in place of the hydroxide. 
According to A. Btahamp, if hydrogen sulphide be passed into water in which 
calcium carbonate is suspended, an alkaline liquid is obtained containing calcium 
hydrosulphide and hyd^ocarbonate, and free hydrogen sulphide. The reaction is 
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reversible, for E. Divers and T. Shimidzu showed that carbon dioxide decomposes 
the hydrosulphide ; and a mixture of carbon dioxide and hydrogen sulphide may be 
sent through lime-water without causing a precipitate, because soluble calcium 
hydrosulphide is formed. This is a case where lime-water would fail to detect 
carbon dioxide by the generally recognized test for that gas, R. Bdtbger’s and 
L. T. Wright's directions for making calcium hydrosulphide in which hydrogen 
sulphide is passed into milk of lime until the mass acquires a bluish-grey colour, is 
founded on a misapprehension, because the production of this colour is due to the 
formation of ferrous sulphide, and this occurs as soon as any soluble sulphide is 
present. E. Divers and T. Shimidzu’s directions for preparing crystals of calcium 
hydrosulphide are: 

Hydrogen sulphide is pugged into a pad to-like mode by mixing calcium oxide 

gradually with four parts of water. When the lime has all dissolved, fresh lime is gradually 
added about four times until the point of sat. is reached. The current of go« is then stepped, 
and the liquid left in the tube to clarify, very carefully scaled up, at the ordinary, or a 
slightly warm, temp., in order that moat of the crystals which may have formisd in the cold 
shall rediesolvo. After decantation, the clear soln. is ogam kept in ice, when it crystallizes, 
and the more abundantly tho better Jt has been sat. at a low temp. The calcium hydro - 
sulphide thus obtained is separated from its mother-liquor by draining, and blowing a current 
of hydrogen sulphide through the mass of crystals, the tube being all the while immersed 
in snow. The crystals cannot be removed from an atm. of hydrogen sulphide without under¬ 
going change, and admit therefore of no further drying, except by a momentary swinging 
of the tube to expel adhering liquid tcntrilugally. 


The operations required several days. V. H. Veley obtained good results with 
this process. H. Rose obtained a aoln. of calcium hydrosulphide by boiling calcium 
monoaulphide repeatedly with water, and filtering off the calcium hydroxide. Cal¬ 
cium hydrosulpludo la found in the drainings from soda-waste heaps. C. Kraushaar 
leached with cold water the interior of a heap of soda-waste, and obtained a sola* 
containing 3 per cent, of the sulphur in tho alkali-waste, and of this, 90 per cent, 
was in the form of hydrcsulphidc of calcium and sodium. It has also been proposed 
to make a soln. of calcium hydroaulphidc on an industrial scale by treating a mixture 
of alkali-waste and water with hydtigen sulphide, C. Kraushaar also recommended 
anting on the calcium sulphide with water under press. According to K. von Miller 
and C, Qpl, if the soln. be evaporated, hydrogen sulphide is expelled, and crystals of 
calcium hydroxide arc formed, since during the evaporation the salt hydrolyzes: 
Ga<SH) 2 + 2 H B Ov=tCa(OH) a 4 - 2 H 2 S. On account of this reversal of the reaction, 
E. Divers and T. Shimidzu recommend drying in a stream of hydrogen sulphide the 
crystals of calcium hydrosulphidc obtained by cooling the sat, sain, to 0*. 

J. J* Berzelius, andH. Rosa prepared a sola. of strontium hydrttiulplllde, Sr(SH) 8! 
by the same process as they employed for the calcium salt. J. J. Berzelius described 
the preparation of crystals of hydrated barium hydrosulphidc, BafSHJgAH^O, by 
saturating an aq. soln, of tho oxide with hydrogen sulphide, adding alcohol to the 
soln., filtering oft the sulphur and oxidized products, and cooling the soln. to —10°, 
when colourless four-sided prisms arc produced; the soln. may also be crystal¬ 
lized by evaporating it in vacuo, wl^n white opaque prisms are produced; H, Rose 
concentrated a soln, of barium sulphide by evaporation in a retort, and obtained 
on cooling the liquid a crystalline mass of the hydrosulphide. V. H. Vdcy employed 
a modification of the process used by E. Divers and T. Shimidzu for calcium hydro¬ 
sulphide and<ound the crystals had the composition B&(SH) 2 h 4H z O. Tho barium 
salt is far more stable than the corresponding calcium compound. E. Schone’s 
crystals of tetraborium heptasulphide, Ba^. 25H S G —vide i«/ro^are possibly 
impure barium hydrosulphide. 

The hydrosulphides of the alkaline earths form colourless prismatic crystals; 
those of the hydrated calcium salt melt with a slight rise of temp, in their water of 
crystallization, and, according to E. Divers and T. Shimidzu, a little decomposition 
occurs even in an atm. of hydrogen sulphide. V. H* Yeky found the crystals of the 
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hydrated barium Balt when heated in an atm, of hydrogen in a sealed capillary tube, 
showed no signs of liquefaction in their water of crystallization* but were simply 
dehydrated, aa previously recorded by J, J. Berzelius, E. Schone found the crystals 
of barium hydrosulphide did not give of hydrogen sulphide below 230°, but 
V, H* Yeley found no decomposition at 18°; there is a very slight decomposition at 
60°, with the evolution of hydrogen sulphide and water; and as the temp, rises, 
the decomposition proceeds more quickly. When barium hydrosulphide is dehy¬ 
drated, its stability is much increased, the hydrogen sulphide is retained with great 
persistence. The hydrogen sulphide is completely eliminated only at a red heat, 
forming barium monosulphide. According to J. Thomsen, the heats of formation 
are: (Ga,S 3 ,H s ,aq,)=1153GCak; (Sr^jH^aq^^ia^CECals,; and(Ba, 8 2 ,H E ,aq.) 
=12416 Cals. According to E. Divers and T, Shimidzu, calcium hydrosulphide is 
readily soluble in water. The aq. colourless soln, is corrosive and has a bitter taste; 
it reacts alkaline. With calcium hydrosulphide at ordinary temp., one-fourth of its 
weight of water appears more than sufficient to hold it in soln.; and 4 or 5 drops of 
water in 10 c.c, of a sat. soln. prevents its crystallization when cooled in ice. This 
phenomenon is characteristic of salts with a large amount of water of crystallization, 
at a temp, near their m.p. A soln, nearly sat., even when warm, loses scarcely any 
water in a stream of dry hydrogen sulphide. The sp. gr, of an aq. soln. containing 
32 per cent, of Ca(SH)* was 1225 at 23 c , and a soln. with 37 per cent, of Ca(SH) 2 
was 1'210 at 23'5 Q . J. J. Berzelius showed that when the aq. soln. of calcium hydro- 
sulphide is evaporated in an atm. of hydrogen, hydrogen sulphide is evolved, and 
acicular crystals are deposited ; and when the evaporation is nearly completed, the 
mass swells up, hydrogen sulphide is rapidly evolved, and calcium monosulphide 
remains. When the soln, is evaporated in a retort, H. llose found that hydrogen 
sulphide is evolved, and calcium sulphate, and later calcium oxysulphide, 
4Ca0,CaSi4.18H 2 0, is deposited. When the aq, soln. of the calcium salt is 
boiled, it gives off hydrogen .sulphide and forms a soln. of the pcntasulphide. 
P. V, Robiquet and M. E. Chevreul found that when a soln. of barium sulphide 
is oxidized, the sulphite is formed before the sulphate. J. J. Berzelius noted 
that the crystals of hydrated barium hydrosulphide effloresce in air and form 
barium sulphite and thiosulphate. E. Divers and T. Shimidzu say that the 
crystals of hydrated calcium hydrosulphide are readily soluble in alcohol, H. Rose 
that hydrated barium hydrosulphide is insoluble in alcohol. T. J, Felouze 
ascertained that calcium hydroxide does not convert the hydrosulphide into the 
monosulphide. The aq, soln. of barium hydrosulphide dissolves sulphur with the 
evolution of hydrogen sulphide and the formation of polysulphides —vide infra; 
a soln. of manganous sulphate or chloride gives a precipitate of manganese sulphide 
when added to a soln. of barium hydrosulphide, hydrogen sulphide is at the same 
time evolved; and iodine forms barium iodide, hydriodic acid, and sulphur* A 
sob* of the calcium salt gives a precipitate with carbon dioxide, and with salts of 
zinc* Soln. containing calcium hydrosulphide have been used as a delapidary. 

The polysolphidea ol the alkaline earths*— According to G. Calcagni, 100 c.c. of 
a cold sat. soln, of calcium hydroxide dissolves Q'lllfi grm. of sulphur, or 32'3 parts ■ 
of sulphur for 40 parts of calcium. This proportion corresponds with the formation 
of calcium monosulphide. Similarly, a cold sat, sob. of barium hydroxide dissolves 
2'6 grms. of sulphur; and the cone, of the soln. furnishes acicular crystals of the 
tetrasulphide, BaS 4 , All the sob. respond to reactions for sulphides, polysnlphidcs, 
thiosulphates, and sulphites. No disulphide has been obtained, * Barium tri-, 
tetra-, and penta-sulphides, and Ba 4 3 T ,25H E 0, have been reported; and strontium 
and calcium tetra-, and penta-sulphides, but not the trisulphides. L, N. Yauquelin r 
calcined a mixture of eight parts of barium oxide with six parte of sulphur, and 
extracted the product with water; barium sulphate remained behind, and a sob, 
of barium trixulphide, Ba$s, was supposed to remain in win.: 4BaO+10B^3BftBj 
-hBaB0 4 . E. Bchone prepared barium trisulpfude by melting together an intimate 
mixture of barium monosulphide with half its weight of sulphur, and distilling off 
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the excess of the Jatter at a temp- not exceeding 360°, According to the latter, 
the yellowish-green mass when crushed forms a yellow powder, which melts at 400* 
to a black liquid and at the same time loses sulphur; sulphur is expelled at a red 
heat until barium monosulphide remains ; in moist air the powder smells of hydrogen 
sulphide, and, according to J. L> Gay Lussac, the gas is formed when steam is passed 
over the red-hot sulphide. According to E> Schdne, barium trisulphide dissolves 
when repeatedly boiled with much water and forms an alkaline liquid which is dark 
red when hot, and yellowish-red when cold. The sob. gives off no hydrogen 
sulphide when treated with manganese sulphate ; hut it changes rapidly on exposure 
to air, and barium carbonate and thiosulphate separate out. When the sob- is 
evaporated in vacuo, it furnishes first a crop of white or pale yellow plates of 
hexahydrated barium sulphide, Ba&,GH 2 0 ; second a crop of pale orange-red mono- 
clinic prisms of tetrabarium heptasulphide, BaiS^GHgO— possibly 3(BaS.GH 2 0)- 
(Ba 84 H 2 0 ), 6 H 2 0 , or impure hydmsulphide. 

The ciyfltols of tetrabarium heploaulphirio am yellow by trarvuiiittyrd and pale it'd 
by reflected light. When exjHtfed to air, a yellowish-white crust of barium thioeulph&Lo 
appears on the orystaU; barium thiosulphate is also formed if air bo excluded, possibly 
by interaction with the water of crystallization. Part of the water of crystallization is 
expelled at ordinary temp., part at 100° : and at 230", barium thiosulphate or a decom¬ 
position product and hydrogen wulphido are formed. Decomposition into the mnnosu Iphide 
and hydrofoil phido is not complato at 280" to 300*. The nq. soln. form barium thiosulphate 
on exposure to air; it develom hydrogen sulphide when treated with fluids, but not with 
manganous sulphate, and sulphur i.n at the same time deposited. 

According to E. Scheme, if an aq. soln, of a mol of calcium sulphide be boiled 
wit? three gram-atoms of sulphur, a soln. of calcium tetrasolphide, Ca$ 4 , is formed. 
If less than this amount of sulphur be employed, the excess of calcium monosulphide 
is hydrolyzed, forming calcium hydroxide and hydrosulphide, and crystals of an 
oxysulphide, 4Ca0.CaS*,18H 2 0, are formed by the union of the hydroxide with the 
tetrasulphide, E. Divers and T, Shimidzu doubt the existence of calcium totra- 
sulphide (owfc infra), E, Schone prepared crystals of hexahytfrated strontium 
tetrasulphlde, SrS 4 ,6H 2 0, by evaporating at 16° in vacuo a sob, prepared like that 
containing calcium tetrasulphide, and cooling the red syrupy liquid below 8 5 - The 
syrup crystallizes to radiating masses of red crystals which melt at 25°, The 
crystals are very deliquescent, and at UK) 1 form dihydr&ted strontium tetrasulphide, 
8rS 4 ,2H 2 0. The latter compound is formed by evaporating the aq. soln. of stron¬ 
tium tetrasulphide at 20°-25° in vacuo. The resulting crystal aggregates are pale 
yellow, and read ily deliquesce, forming a dark yellow syrupy liquid which on exposure 
to aii;,forms an oxysulphide, Sr0.SrS 4 .12H 2 0. E. Schone prepared hydrated barium 
tetrasulphide, BaSr 4 -l or 2H 2 Q, by boiling a mixture of four parts of sulphur with 
seven of barium sulphide, and allowing the filtered soln. to crystallize out of contact 
with air: the same salt is obtained, as indicated above as the final crop b the 
crystallization of a soln. of barium trisulphidc. The red crystals so obtained are 
frequently mixed with acicular crystals of barium thiosulphate and other barium 
polysulphidos. The product is purified by dissolving it in air-free water and 
evaporating the sob. in. vacuo. H- Rose prepared what he regarded as a soln, of 
barium poly sulphide by dissolving* sulphur in a hot soln, of the kydrosu Iphide. 
According to V, H, Veley, sulphur dissolves with effervescence in a warm sat. sob, 
of barium hydrosulphide, forming a dark red liquid which furnishes red crystals 
with the composition 2BaSa.7HsG, and which are probably BaS 4 .2H 3 0 sfightly 
dehydrated. *E. Schone’s analysis corresponds more nearly with imperfectly dried 
BaS0 4 .H 2 0. 

Acc ording to E, Schdne, the rhombic crystals of barium tetrasulplude are strongly 
dichroic. When (jeshly prepared, the colour is red, and this becomes paler on 
standing, finally passing tio orange^red. The colour in transmitted light is yellow, 
in reflected light, red. The powdered crystals are yellow. The ap. gr. is 2'988 (20°). 
The crystals oxidize in aii^more slowly than the other barium sulphides. At 1Q5°, 
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in vacuo, sulphur is given ofl, and the colour darkens; at 300°, the oryetala loan 
water and hydrogen sulphide; at 300* the pseudomorphs after the tetrasulphid^ 
consist of a mixture of trisniphide and barium sulphate: 8(BaS 4 *H£0)=BaS0 4 
+7BaS 3 +4H a 0-h4 6S ; and at a higher temp, the trisulphide loses sulphur to 
form the monosulphide. A dii. aq. soln, is orange yellow. At 15 100 parts of water 
dissolve 41 3 parts of the tctrasulphidc, and the red soln. has an alkaline reaction; 
the soln. liecomes dark brown when heated* The sulphide may be crystallised 
unchanged from, its aq. soln* The sain. when exposed ttf air smells of hydrogen 
sulphide, and it gradually becomes turbid owing to the separation of barium car¬ 
bonate and thiosulphate. The sulphide is insoluble in alcohol and in carbon di¬ 
sulphide ; alcohol precipitates orange-yellow crystals from the aq. soln. According 
to V. H. Vcley, the aq. soln. dissolves sulphur and gives off hydrogen sulphide, with 
the precipitation of sulphur, when treated with hydrochloric acid, but not with 
manganese sulphate. 

According to H* Rose, hydrogen sulphide is given off when a soln* of calcium 
hydrosulphido is boiled, but when sulphur is present, the evolution of gas is aug¬ 
mented, E. Divers and T. Shimidxu noted that the temp, falls 2 D --3 a when powdered 
sulphur dissolves in a soln* of calcium hydrosulphidc at ordinary temp.; and that 
cone. soln. of calcium hydrosulphide react with sulphur almost as vigorously as 
hydrochloric acid acts on marble. If sulphur bo dissolved in a soln. of calcium 
hydrosulphidc heated on a water-bath, until a further addition of sulphur produces 
no effervescence, and sinks to the bottom, the hydrosulphidc is almost completely 
decomposed, and calcium pentasulphide, CaS 6 , is formed—all the calcium which is 
not present as hydrosulphido is pentasulphide. The hot soln, takes up a little more 
sulphur than corresponds with the pentasulphide, but the excess is deposited as 
the soln. cools, and it then takes up no more sulphur if boiled with that element. 
The reaction is reversible, for hydrogen sulphide decomposes the yellow soln, of 
calcium pentasulphide with the copious precipitation of sulphur, and a colourless 
soln, of calcium hydrosulphidc is formed. It is assumed that hydrogen penta¬ 
sulphide is formed as an unstable intermediate product in both coses : CaJ3 6 -b2H 2 S 
—Ca(SH) 2 4 -H 2 Sf,; and Ca( 8 H) 2 -l- 88 “CaS 5 +H 2 B! 5 . The preparation of impure 
calcium pentasulphide by boiling milk of lime with sulphur is described below'. 

J. J* Berzelius was unable to prepare a pulysulphide by fusing calcium mono¬ 
sulphide with sulphur; but when calcium monosulphide or hydroxide and water is 
boiled for a long time with sulphur, a soln. of calcium pentasulphide is formed. If 
the hydroxide be employed, some thiosulphate is formed, and if the hydroxide be 
in excess, an oxysulphide is formed. When the cone, reddish-brown or dil. yellowish- 
brown liquid is evaporated in vacuo, an amorphous yellow mass is obtained, which 
is soluble in water and alcohol, and when heated in vacuo loses sulphur, forming the 
monosulphide* E. 8 chone was unable to crystallize the pentasulphide by the cone, 
of its aq, soln. since it readily decomposes into calcium monosulphide and hydroxide, 
and free sulphur. J. J, Berzelius and E, Schonc obtained similar results in their 
attempt to obtain crystals of strontium pentasulphide, SrS 6 , from the aq. soln. 
prepared as iti the case of the calcium pentasulphide. As indicated above, H, Rose 
prepared a soln, of barium puntsaulphide by boiling a soln, of barium sulphide or 
hydrosulphide with sulphur; and J. J, Berxelifls and E. Schonc, in their attempt 
to isolate barium pentasulphide, BaS 5 , obtained similar results to those which 
attended the attempt to crystallize calcium and strontium pentaaulphidcs from the 
aq* soln. Barium pentasulphide has not been isolated. L. Guitteau boiled two 
parts of barium hydroxide with one of sulphur and 25 parts of water, and obtained 
a block liquid which became orange-red when cold. The soln. decomposed slowly 
depositing needles of the thiosulphate, and evolving hydrogen sulphide* On 
evaporation a crystalline crust of barium tctrasulphide mixed with the thiosulphate 
and sulphur was obtained and the mother-liquor contained Ba: S in the at, pro¬ 
portions I : 5 . This shows that barium pentasulphide is unstable and probably 
decomposes in aq. soln,: 2 BaS 6 -b 3 HaO=Ba& 4 +B a J 3 aQs-b 3 H a S+S. 
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The ready decomposition of the pentasulphides of the alkaline earths kd 
E. Divers and T. Shimidzu to suggest that the soln. really contains an unstable 
hydroxy-derivative of hydrogen pcntasulphide, H 2 S 6 , namely HO,Ca.HS fi j and in 
support of this they show that the only known solid polysulphides of the alkaline 
earths—namely, the tetrasnlphidea—all contain water. The action of water is then 
symbolized: Ca0H(HS 6 )+H£0=Ca(0H} a +H 2 S & (=4S+H 3 S}; and of hydrogen 
sulphide: Ca0H(H8a)-h3H 3 S=Ca(SH) 2 +H 2 0+H fi S a (^48+H 3 S), When soln* 
of calcium pentasulphide are boiled out of contact with air, K Schdne found that 
only small quantities of thiosulphate are formed; but if the soln* be boiled down 
until solid matter-sulphur and lime—is deposited and the hydrogen sulphide has 
escaped, much thiosulphate is produced. According to E* Divers and T. Shimidzu, 
the result is rather due to the interaction of lime and sulphur than to hydrolysis: 
CaS s + 3 H 3 0=CaS 2 0a --t-3H 3 S, suggested by E r Sehone ; the action of air on calcium 
pentuaulpliide gives thiosulphate and sulphur, and the former believe that the reaction 
should not be symbolized ; 2CaS e +3O£=2CaS 2 0k+6S. They argue that hydrogen 
sulphide is first liberated by the pentasulphide, and if this gas be removed as rapidly 
as it is formed, the soln. undergoes no marked oxidation; but if this gas remains 
in contact with the liquid, it is oxidized, and the products of the oxidation react 
with the pentajiulphide to form thiosulphate and sulphur* The reaction is analogous 
to the oxidation of calcium hydroaulphide into thiosulphate, except that additional 
lime is needed in order that no sulphur may be deposited. Air does not directly 
oxidize either calcium hydrosulphide or pentasulphide* 

The oxysulphides of the alkaline earths.—J. J. Berzelius showed that the 
decomposition of an aq. soln. of calcium hydrosulphide furnishes, presumably 
hydrated, calcium sulphide; T. J. Pelouze obtained calcium hydroxide, E. Divers 
and T, Shimidzu reported that calcium hydrosulphide is converted into the hydroxy- 
hydrosulphide in cone, soln., hydroxide in weak ones, and mixtures, or possibly 
compounds of the two, when the soln, are of medium strength, while the hydroxy - 
hydrosulphide itself becomes hydroxide by the action of water. These decomposi¬ 
tions proceed only when the hydrogen sulphide produced can escape or become dij,, 
and are much more rapid and complete in hot soln. than in cold soln* Crystals of 
hydrated calcium hydroxyhydrosulphide, Ca(SH)(0H).3H 2 0, have been isolated 
by E. Divera and T h Shimidxu ; and since the composition of the hydrated hydro- 
sulphide is Ca(SH) 2 ,6H 2 0, they give the graphic formula?: 


Co< 


SH.3H a O 

SIUHip 


Ca< 


SH.3H,0 

OH 


Ctldrnn hFdro&LiLplildo* Calcium hydrotyhy4r»u]plilde. 

* 

This mixed salt is formed from the hydrosulphide by reaction with water : 
Ca(SH) 2 +H a O^Ca{SH)(OH)-hH 2 S, or with calcium hydroxide: Ca(SH) 2 
-f Ca(OII) 3 =2Ca(SH)(OH), It is also formed hy the union of calcium sulphide with 
water, as occurs in the interior of heaps of alkali-waste; and by the action of 
hydrogen sulphide on calcium hydroxide in the purification of coal-gas* Calcium 
hydroxyhydrosulphide is conveniently made by pawing a stream of hydrogen 
through a done, aq* soln. of the hydrosulphide, when colourless four-sided 
prisms, or minute acicular crystals' of the desired salt separate from the liquid* 
When the crystals of calcium hydrosulphide deliquesce at ordinary temp., 
hydrogen sulphide is simultaneously evolved; consequently, deliquescence is ac¬ 
companied by^a loss of weight—the deliquescence of normal ammonium carbonate 
is also accompanied by a loss of weight owing to the loss of water and ammonia : 
(NH*) 2 CQ s .H 2 0=NH 3 -l-H 2 0-f(NH4}HC?0 a , The crystals of calcium hydroxy- 
hydrosuiphidc gradually decompose and become opaque, when exposed to air, 
hydrogen sulphide is slowly evolved, oxygen is absorbed and the crystals become 
yellow; the salt also takes up carbon dioxide from the air, hut not very freely at 
first!. 

C, Neuberg and E* Neimann treated a soln. of barium oxide in methyl alcohol 
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with on alcohol soln. of potassium hydrosulphide and obtained a gelatinous precipi¬ 
tate of hydrated barium monosulphide, BaS,H 2 0, possibly barium hydroxyhydro- 
aulphide, Ba(SH)OH, which dissolves slowly in methyl alcohol. Hexahydiated 
barium sulphide, BaS.6H 2 0, is very probably pentahydrated barium h^lroxyludro- 
sulphide, Ba(SH)(GH).5H 2 0. Its preparation and properties have been previously 
described. Both the calcium and barium hydroxyhydrosulphides are crystallino, and 
have a relatively large proportion of water of crystallization ] they dissolve readily 
in water, but the soln, is soon decomposed into hydroxide which is precipitated, and 
hydrosulphide which remains in soln. This shows how improbable it is that the 
hydrosulphides can without decomposition lose their water of crystallization by 
heat; anhydrous barium sulphide has not been prepared in the wet-way at a temp, 
below redness. Calcium hydroxyhydrosulphide is insoluble in, and is not affected 
by, a moderately cone, solm of the hydro sulphide \ it is insoluble in alcohol, but is 
slowly decomposed by that liquid, as by water, and hydrosulphide passes into soln. 
From the readiness with which calcium hydroxyhydrosulphide is converted into the 
hydroxide, the preparations of the former are apt to he more or less mixed with the 
latter. Hydrogen sulphide converts the hydroxyhydrosulphide into hydrosulphide ; 
and, according to V. H t Veley, calcium hydroxyhydrosulphide absorbs carbon di¬ 
sulphide, forming unstable basic calcium thiocarbonates which are slowly decomposed 
by hydrogen sulphide, and rapidly by fcarbon dioxide, 

T. J. Pelouzc,® and A. W, Hofmann were unable to obtain any evidence of 
combination when a mixture of calcium oxide and sulphide is heated to redness; 
nor was the former able to find any satisfactory evidence of the presence of an 
oxysulphide in the alkali-waste of Leblanc’s soda process. E. Kopp is of the opinion 
that calcium hydroxide and sulphide do combine to form an oxysulphide. J. K, Hay¬ 
wood, and R. W. Thatcher found that the lime-sulphur soln, prepared by boiling 
milk of lime and sulphur contains two main constituents, calcium pentasulphide 
and thiosulphate, with small amounts of sulphite or sulphate produced by the 
oxidation of the soln. "When freshly slaked lime and sulphur—with or without 
sodium chloride—are boiled with an excess of water in open vessels, they dissolve 
in the proportion CaCh $=1: 1'94 if lime is in excess, and 1 : 224 if sulphur is in 
excess. The solubility of lime as calcium hydroxide in water in the proportions 
used accounts for most of the difference in these ratios, so that the proportion of limo 
united with sulphur is probably the same whichever component be in excess. Allow¬ 
ing for the excess of lime in soln., therefore, the ratio may be regarded as 1 : B'24, 
After a time, however, the excess of lime may unite with some of the calcium penta- 
sulphide, for the soln. frequently deposits yellow or red crystals of calcium oxysul¬ 
phide— vide which 0. B. Winter represents as aCaO.CaSa.llHaO. The 

ratio CaO ; S—I : 2 236 corresponds with the reaction 3Ca(0H) g -1-12S=CaS 2 0 B 
+2CaS 6 +3H B 0. Although the ratio CaO: S approximates to 1; 2'24, the ratio of the 
sulphur present as CaS$ to that present as CaS a (^ was found to vary from 1 : 4'19 
to 1:27 78. Hence, some secondary reaction must take place—e.p.CttSaQa+CafOHJa 
+4S-CaB s +CaS0 4 +H 2 0; 2 Ca^ 03 + 3 Ca(SH) B = 2 CaS fi + 3 Ca( 0 H) B ; etc., and 
R, W. Thatcher believes the first of these equations represents the most probable 
reaction. 

C. W. Folkard exposed calcium hydroxide to hydrogen sulphide bo long as there was 
any gain in weight, and obtained a grey powder which hv regarded aa a compound : 
4CcgOH)|.$H t S- When this product was treated with coal-gas, hydrogen Hulphzds was 
given of!, and at I00 ff water was eliminated leaving behind a greyish-green substance which 
he regarded as a compound : 2Ca(0Hjj.2Ca{8H)GH. When gently heated, this product 
loses a mol of water and forms a yellowish-white substance, 2Ca(OHJ«.Ca&Ca(SH)OH; 
and at a red heat, out of contact with air, it loses two mole of water, producing 2CaO, CaS, 
Ca(9H)0H, which, when ignited in air, bums like tinder, producing calcium sulphate. 
W. Foster also prepared some oxygenated sulphides of oateiunu 

V, H. Veley studied the action of hydrogen sulphide on calcium hydroxide, and 
found that both by the dry and the wet method the calcium oxide i a converted 
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respectively into calcium sulphide and hydrosulphide ; and he concludes that " the 
mol. combinations described by C, W. Folkard are in all probability mixtures of 
calcium sulphide with unaltered oxide.” In addition to E, Divers and T. Sbimidzu's 
hydroxyhydrosulphide two other oxysulphides, or more probably hydroxyhydro- 
sulphides, have been reported, and in the absence of definite or precise information 
as to their composition, they are conveniently called Herscher* crystals and 
Buchner’s crystals after their respective discoverers. Their limits of existence in 
the ternary system, CaO—S—H a Q, or even their individuality, have not been 
established* 

J, F, W. Herschel boiled two part* of calcium hydroxide with one of sulphur and 
20 of water for an hour, and allowed the filtrate to cool in a closed vessel out of con¬ 
tact with air. A piece of calcium hydroxide was placed in the liquid, and the 
crystals of oxysulphide which were deposited on the lime, were washed with cold 
water, and dried in vacuo over sulphuric acid. According to E. Schone, if the 
mother liquid is boiled with calcium hydroxide, another crop of crystals of the 
oxysulphide are deposited on a piece of calcium hydroxide provided the soln. 
contained calcium thiosulphate. A, Gcuther has also described the preparation 
of this substance, and he objected to the washing of the crystals with water, which 
has a decomposing action ; lie preferred to dry them by press, between filter paper. 
According to J. F. W. Herschel, and A. Gcuther, the crystals arc orange-yellow, 
dichroic, transparent, four- or six-sided prisms with di- or tri hedral summits. 
According to A. Gcuther, the so-called Ilerschel's ctystals have the composition of a 
hydrated calcium tetrahydroxytrisulpbide, Ca a (GH) 4 Sg.8{or 9)H a O ; or CaSg,2CaO. 
lQor ilHgO, or CttSa.2Ca(011^.8 urfiH a O ; E, Scheme's analysis CaS 4 .dCa0.12H a 0, 
or CaS 4 ,3Ca(OH) 2 .9H^O, Is vitiated by the fact that lie decomposed the crystals 
before analysis, by washing them with water. The crystals were partially analysed 
by H. Rose, and J. E .W, Herschel, The crystals gradually elilorcscc at a summer's 
temp, over sulphuric acid ; but they are stable when kept in a sealed tube* They 
give off water and hydrogen sulpiride when heated to 10G 6 , and sulphur sublimcH at 
a higher temp., the residue is white, and is very slightly soluble in water with an 
alkaline reaction. Both J\ F. W. Herschel and E. Schone reported that water 
extracts calcium polysulphides—CaS N —and leaves a residue of calcium hydroxide. 
According to A. Gcuther, the aq. extract contains insignificant quantities of sulphuric 
acid, and no thiosulphate ■ and, according to E. Schone, it gives off no hydrogen 
sulphide when treated with manganese sulphate ; and no tmlphur dioxide when 
treated with a hydrochloric acid soln. of arsenic trioxide. J. F. W. Herschel and 
E. Schone observed that the crystals are not changed by alcohol; and they dissolve 
in hydrochloric acid with the evolution of hydrogen sulphide. A* Geuther said that 
with dil. hydrochloric acid, the crystals become brownish-yellow, and sulphur is 
separated ; while with cone, acid, hydrogen trisulphide, H^Sg, is formed with hut a 
slight evolution of hydrogen sulphide, 1 

J* A. Buchner, and C. F. Buchholz and R. Braudes obtained orange-yellow mono¬ 
clinic prismatic crystals, the so-called Buchner's crystals, by treating hepar sulphurts 
calcarem with insufficient hydrochloric or acetic acid for complete soln., and allowing 
the liquid to stand while protected fjom air. E. Schone prepared them by digesting 
calcium tctrasulphide with calcium hydroxide and hydrosulphide; and also by 
boiling two parts of calcium tctrasulphide with one of sulphur and 20 of lyater for 
half an hour, and allowing the unfiltered liquid to stand while protected from the 
air. H, Ros»also obtained what appeared to be similar crystals among the pro¬ 
ducts obtained by allowing a soln* of calcium hydrosulphide to stand slightly exposed 
to air. The composition of Buchner’s crystals has not been definitely established ; 
H. Rose deduced the formula CaS 6 .5Ca0.2GH 2 Q from his analysis j E* Schone, 
CaS 4 .4CaO*18HjO; and A, Geuther, CaMCaO.14 or 15H*G. The latter agrees 
with the formula CaS&!3Cft(0H) s .lI or 12H a 0, or hydrated calcium hexahydraxyl* 
triaulphfde, C^fOHk.Sg.ll or 12H a 0. The crystals when protected from air 
become paler and finally white. At 100*, they lose about three-fourths of the water. 
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and half the hydrogen sulphide. The action of water, manganese sulphate, acids, 
and alcohol on Buchner's crystals is the same as with HerschcTH crystals. J. L. Gay 
Lusaae, on the contrary, stated that they are soluble in alcohol 

E, Scbdne reported the formation of hydrated strontium dihydroxytetraflulphide, 
SrfOHJ^.llH-jO, or SrO.SrS^.lSHaO, by slightly exposing to the air an aq. or 
alcoholic soln. of strontium tctrasulphide. The ruby-red, transparent crystals 
decompose when heated in a glass tube giving off water,, hydrogen sulphide, and 
sulphur, and leaving a residual mixture of strontium monosulphide, sulphate, and 
a little sulphite. Water gives a yellow soln. with an alkaline reaction, from which 
strontium hydroxide soon separates; the aq. soln. gives hydrogen sulphide and 
sulphur when treated with hydrochloric acid. Barium chloride gives no signs of a 
sulphate, nor arsenious chloride any signs of a thiosulphate. It is insoluble in 
alcohol, ether, and carbon disulphide, A. Geuther expressed the opinion that 
Schdne’s oxysulphate is a mixture of a^olysulphidc and a thiosulphate. H. Rose 
extracted barium sulphide with water five times and analyzed the residue ; the 
analyses have been represented by formula showing ^BaS+yBaO+^H^O, but there 
is nothing to justify the assumption that any of the products an: chemical indi¬ 
viduals. 

P. itarthicr * heated a mixture of gypsum with twice jIh weight of cupric sulphate m 
a carbon crucible, and obtained a leaden grey sulphide sprinkled with granule of co^kt* 
Acetic acid dissolved out of the lime, with the evolution of hydrogen sulphide, Similar 
results were obtained with barium sulphate, Thore in do evidence hero of the formation 
of L'u'riUttt capper jmlphisie or of barium copper sulphide. P. Perth ior treated a mixture of 
barium and potassium sulphates m a similar way, but there is litl-Jo to show that the reddish 
maos ao obtained is really potass win barium sulphide 
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S 10. The Sulphates of the Alkaline Earths 

The native form of dihydrated calcium sulphate, Ca&Oj, 2H^O, Galled Kyp&um, 
occurs aa a flue-grained or compact mass which is normally white, but may be 
coloured grey, brown, or red owing to admixtures of clay, carbonaceous matter, 
ferric oxide, etc. An earthy or sandy variety is sometimes called gypsum dirt, or 
gyp&ite* The pure white massive varieties are known as alabaster, and have been 
used for making statuary, vases, and other objects for internal decoration. The 
same term is also applied to the white and banded stalagmite or onyx marble 
varieties of calcito; and this is generally considered to have been the alabaster ol 
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the ancients, The so-called tapis *pec*dar%$, referred to by Pliny, Teas possibly 
crystalline gypsum mixed with mica. The colourless, water-clear or transparent, 
crystalline variety is known as selenite ; and in the eighteenth century it wan some¬ 
times called glade* maria, or Mariengtas, Some fibrous varieties of gypsum are 
called satin spar. The anhydrous form of calcium sulphate is known as anhydrite* 
CaS0 4 * and also as muriacite, ot karstenite. This variety is usually found massive, 
and is sometimes found associated with gypsum and rock-salt; it also occurs in 
coloured—brown or blue—crystals. Gypsum is soft enough to be scratched by the 
finger-nail; anhydrite is slightly harder. 

The mineral gypsum is of considerable commercial importance as a source of 
plaster of Paris, bo named because it was obtained by burning the gypsum from the 
quarries of Moutmarfce, Pantin, Belleville, Saunois, and Engkein in the Tertiary 
deposits of the Paris basin. The deposits in Nottinghamshire, Derbyshire, Leicester¬ 
shire, Staffordshire, and Gloucestershire, are all associated with the keuper marls. 
The gypsum industry of Germany is developed in the southern part of the Hartz 
Mountain district, in Thuringia near Posseuch and Krolpa, and at various towns on 
the Rhine near the mouth of the Neckar. Deposits occur in Switzerland, Sweden* 
Italy, Cyprus, Sicily, India, Queensland, Canada, and In Ohio, Virginia, Iowa, 
Arkansas, Colorado, Nevada, Michigan, etc. Numerous reports have been made 
on these various deposits, 1 Crystals of gypsum have been found in the residues 
obtained by the evaporation of natural waters holding calcium sulphate in soln.— 
e.g. in boiler scale, etc:/' 2 

Anhydrito associated with gypsum occurs m the salt mincH near Hall {Tyrol), Be* 
(Switzerland), Sulz (Wurlcmberg)* Hinimfilaberg (llfeld), Ultnberg [Carintha], Liinebeig 
(Hanover), Liutorberg (Hail), Hapnik (Hungary), Inchl (Austria), Annsne (Styria), 
Herfllitoflgadm (Havana), at Rienthal (Alpa), Sta^sfurt, Loekpart (N.Y), Windsor (Nova 
qjeutia), Hillsboro (New Brunswick), etc. Olentine occurs in tho Bristol bflHtn, in Gloucester 
and Somerset, Westphalia, Thuringia, IMiov (Silesia), Domberg (near Jtsna), Sicily, Bex 
(Switzerland), Montmarto, Beaumont, and Mendon (Prance), Com! (Spain). Deposits 
uiscur in numerous localities in the United States, at Stmutian Island {Lake Erie), 
Barytes occurs nt Dufton (Westmorland), Li^koard (Cornwall), Egremont (Cumberland), 
Ureidden Hills (Shropshire), Wctharton and Newhaven (Derbyshire)* Nutfitild (Surrey^ 
Kelsobanyn and Kremrnitz (Hungary)* Freiberg, Marianborg, and Claiinthal (Germany), 
Hoya and ttaure (Austria)* Connecticut, North Carolina* Tennessee, Virginia* Missouri, 
etc., Urnibran and Aliea (Bohemia). 

Iu connection with the alkali halides, it was shown that during the evaporation 
of sea-water, gypsum or anhydrite is deposited before the more soluble salt; and 
the common and intimate association of gypsum or anhydrite with rock-salt pints 1 
clearly to the marine origin of most of the gypHum bods. 3 Gypsum alao occurs as 
irregular masses in limestone. It is then supposed to have resulted directly from 
the action of sulphuric acid on the limestone, when the sulphuric acid is derived 
from the oxidation of pyrites or other sulphides by the joint action of air and water* 
Small quantities of gypsum found in some volcanic districts are supposed to have 
been formed by the action of sulphuric acid vapours on the lime of volcanic tuffa 
and other rocks. 

About three centuries before jur era, Theophrastus, in hisllepl AftW, described 
very clearly the occurrence and some of the properties of the mineral gypsum and 
alabaster. The name of the mineral is derived from yu^tx, a term applied to what is 
equivalent to burnt gypsum. Attempts have boon made to derive the berm alabaster 
from Greebwords; another connects the word with the town Alabastron in Egypt, 
where ornaments were made from gypsum in early times, Theophrastus stated that 
it was employed as a cement and for casing the outsides of buildings; for making 
internal ornaments and statues; as a colour for painters; and for " fulling ** cloth. 
He said : 

» 

Gypsum is prepared for use by burning certain stones. It is then reduced to powder* 
and well mixed with water by stirring with wooden instruments. Tl*o mixing cannot be 
done by hand because of the heat which is developed. This mixture is prepared immediately 
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befwe it is used, ior in a very short time after moistening it dries and becomes hard, and not 
in a condition to be used. Hie gypsum which has boon u«ud can. be ro-bumt and made fit 
for use. 

In the first century, Pliny, in his Hutoria naiurdis, described this mineral, and 
stated that it has a close relationship with lime— cognota edei res gypsum est. The 
opinion was based rather on its properties as a cement, which is prepared like lime 
by the calcination of the native stone. 

The earliest plaster casts are said to have been made by Lyeistratus of Sicyon, 
brother of the sculptor Lysippus. He first made a cast in plaster from the object, 
and then made a second one in wax. According to A. Rees, 4 the walls of the temple 
of Fortuna Seia wctc made of compact gypsum which, though without windows, 
was sufficiently illuminated by light transmitted through the semi-pellucid walls: 
the old Arabian monastery of Arsoffa Emu is also said to have been constructed of 
gypsum ; at Florence, the gypsum of Yolterra was made into vases in which lamps 
were placed, and thus diffused a soft light over the room; and a church at Florence 
was illuminated by large slabs of alabaster in place of panes of glass. The light 
transmitted through plates of gypsum seems to have reminded the ancients of light 
from the moon—hence selenite, from the moon, 

G. Agricola, in his De mtura famlium {Basil, 1546), supposed gypsum to consist 
of lime because the former can be converted into the latter. J. H, Pott, in his 
Lithogeogrmia (Potsdam, 1746), said tliat many chemists regarded true gypsum as 
a compound of lime and sulphuric acid, and they called it gypsum arte factum, but he 
considered the two were different. In the eighteenth century, the white substance 
obtained by the action of sulphuric acid on chalk was called selenite. B. Allen 5 
prepared this mineral by the action of sulphuric acid on chalk. The chemists of 
this period regarded gypsum and artificially prepared calcium sulphate as two 
different substances. In 1747, F. J, Macquer showed that gypsum contained 
sulphuric acid, but the mineral was still considered to be different from the calcium 
sulphate, because calcination converted the former into a substance which reacted 
with water, forming a kind of mortar, while the latter remained unaffected by fire. 
In 1750, A. S, Marggraf showed that when gypsum is heated with charcoal, a gas 
with the pungent smelt characteristic of burning sulphur is given off, and liu hence 
inferred that it is a component of sulphuric acid and lime. He explained the forma¬ 
tion of gypsum in nature by the gradual deposition of the crystals from calcareous 
waters ; time, said he, brings about marvellous results which cannot be reproduced 
l in our laboratories. In 1768, A. L, Lavoisier confirmed Marggrafs analysis, and 
showed that the hardening of gypsum is a result of its re-combining with the water 
of crystallization from which it had been deprived by heat. He said : 

If the water of hydration removed from gyp«ura by lira bo returned to it, the water 
taken up with avidity, and a euddan and irregular crystallization occurs so that the small 
crystals which are formed become confused with one another, and a very herd mass results. 

A. L. Lavoisier stated that in his opinion these results leave fiea d de&irer rar 
Vexplicalion de ce phfmn&ne. Analyses were also made by R. Chencvix £nd others. 

The recognition of the mineral C&tefftilW of celesttie as the native form of 
strontium sulphate, and of heavy spar as the native form of barium sulphate, 
has been described at the beginning of this chapter. For a long time, the 
minerals barytes and celeatine were confused, and the difference in the crystalline 
forms was regarded as a puzzling exception to R, J. Hauy’s law of the constancy of 
the angles of the crystals of a given substance. L. N. Vauquelin, however, demon¬ 
strated that the minerals belong to two different species, since the one (barytes) 
imparts a green colour to the flame, while the other (celeatine) gives a crimson flame. 
Heavy spar, also called barytes, and barite, occurs in fine crystals and granular or 
fibrous masses. It is a very common mineral in metalliferous vdins— e.g. lead, silver^ 
cobalt, etc—both with the veinstone and on the wall. That in the Derbyshire lead 
mines occurs in aggregates of white, opaque crystals, where it is called c&wh The 
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aggregates of tabular crystals are known as oreMed barytes, or cockscomb barytes. The 
mineral celcstine occurs in tabular crystals, and in granular or fibrous maBses. The 
colour of both forma ia usually white or creamy, and in some cases the mineral has 
red or brown ferruginous stains. Many forms of celestine have a blue tinge—hence 
the name, from ctdestinus, blue. Analyses of barytes were made by T. Gruner and 
R, Brsndea, etc. There has been some discussion as to the existence of true barium 
strontium sulphates— barytoedestines. Are the barytocelestines mixtures of barytCH 
with strontium sulphate, or of cclcstine with some barium sulphate ? The evidence 
is indecisive j the barytocelestines with analyses corresponding with strontium barium 
sulphates, BaS 04 , 2 SrSO 4 and BaS0 4 .3SrS0 4 , reported from Ontario, are probably 
mixtures. 

* The preparation o! the sulphates of the alkaline earths.— According to 
K. W. G, Kastncr, when sulphuric acid is poured upon calcium oxide, the whole 
becomes red hot if relatively large quantities of material are used ; and P. Heinrich 
said that chemi-lumineecence occurs if sulphuric acid is dropped on calcium oxide in 
a darkened room. Dihydntted calcium sulphate is precipitated wheu dil. sulphuric 
acid, or a soln, of an alkali sulphate, is added to a soln. of a calcium salt. The same 
salt is also formed by the action of dil, sulphuric acid on powdered calcium oxide, 
hydroxide, or carbonate. As emphasized by J. J, Berzelius, the solid ia very liable 
to form clots in which the interior is protected from the action of'the acid by an 
impervious skin of the sulphate. A. Lacroix 1 obtained crystals of gypsum by the 
action of sulphuric acid on powdered fluorspar at 12° for some months, F. T. von 
Wcimarn obtained a Colloidal Calcium sulphate by precipitating the salt in alcoholic 
solo. Hemihydrated calcium sulphate, CaSO^HgO, 0T 2CaS0 4 dL0 f was obtained 
by N. A. E. Millon, by the dehydration of the dikydrate at 110*. 

The partially dehydrated gypsum forma tho homihydrato, GnSOj.^HgO, and bhia ia 
virtually thci composition of the commercial planter of Faria, &tucl:gipB t or pltitrg, Thia 
product not Jiygrom-fipk 1 , bet it generally huldn up to 15 jwr cent, of adsorbed moiaturo 
and a loLal (1 to & per cent, of water. Tim adaurhod muiature can be removed by a stream of 
dry air. The term rfircro ia almost a synonym for planter of Paris; if there ia a diffotcwje, 
plaster of Paris ia whiter and mum finely ground than stucco, C. CIoge found some samples 
of piaster of Pam contained considerable proportions oi soluble anhydrite, and they con¬ 
tained li^ss than fi p^r cent, of combined water. Plaster of 1’ariH with fiver 7 5 }i«r cent, of 
moist urn probably cuntaiiu uneon verted gypsum. P. Herthier's analyses, confirmed by 
those of JTC. Lnndriii and others, showed that commercial plaster of Paris contains 4 to b per 
cont. of water. 

F. Hoppe-Scyler obtained needle-like crystals of hemiliydrated calcium snip hath 
by heating to 140^160° the dihydrate with water in a sealed tube, H. le Chatflier T 
prepared the bemihydrate by heating a sat. soln. of calcium sulphate in a sealed 
tube at 13CT-150*; but special precautions are needed to remove water rapidly 
before it cools much below 130°, or rehydration sets in ; H. 1c Chatelier, therefore, 
transferred the hot crystals into absolute alcohol and dried them at 100°. A simple 
method of making the hemihydrate was devised by J. H. van*t Hofl and F. F. Arm¬ 
strong, who heated between 40° and for 18hrs., 20 grins, of precipitated gypsum 
with 50 c.Oj of cone, nitric acid (sp. gr. 14), aud obtained well-defined minute 
needles. J. F. W. Johnston reported the formation of transparent prismatic 
crystals of the hemihydrate in a marine boiler working under ft press, of two atm, 

1£. Rose thought that ho had prepared crystals of wwm ohydrated calcium sulphate, 
0a£>0 4 ,H. i 0, by boiling gypsum for a short time with a half-sat, soln. of sodium 
chloride, but he probably obtained crystals of the hemihydrate which practically 
re-hydrated on cooling, and which were also contaminated with some sodium 
chloride. According to R. Grengg, the formation of the hemihydrate by heating 
gypsum appears to involve the intermediate formation of soluble anhydride, which 
then absorbs water. 

H. Rose found that sulphuric anhydride, SOg, reacts with calcium oxide at a 
temp, approaching redness, but not at ordinary temp. The product is anhydrous 
Cftlclmn sulphate, Calcium hydroxide does react with sulphuric trioxide at ordinary 
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tamp. C. H. Marx showed that hot oi cold catcspar, limestone ox chalk, does not 
react with the vapour of sulphur trioxide, and only a superficial film of sulphate is 
formed with the vapour of sulphuric acid. The anhydrous sulphate is obtained by 
heating one of the hydrates above the temp, of dehydration. J. H. van T t Hoff, 
W. Hinrichfltm, and F, Weigert obtained a soluble form of anhydrite by heating the 
hemihydrate to 100° with an excess of water, or by dehydrating*precipitated calcium 
sulphate in vacuo between 60° and 90*. A, Lacroix obtained what appeared to be 
a triclinir form of anhydrite by keeping gypsum at 125 5 for a long time ; if the temp, 
be kept at bright redness ordinary anhydrite is formed, and E, Mit&cherlich obtained 
crystals of anhydrite by heating precipitated calcium sulphate in a pottery oven, 
whore the cooling is slow. N. S. Manross obtained crystals of anhydrite by fusing 
potassium sulphate with four times its weight of calcium chloride, and extracting 
the more soluble product with water. F. Hoppe-Seyler obtained anhydrite by 
heating gypsum with a sat. soln. of sodium or calcium chloride in a sealed tube at 
125 D -13G*; L, Bourgeois, from a sat. solo. of calcium sulphate in nitric acid sp.gr. 
1*381, diluted with one-third its vol, of water; and R, T. Simmler, by melting 
hydrated gypsum with sodium chloride in the presence of silica. 

F. Posepny found anhydrite is formed from gypsum in nolm of calcium or 
magnesium chloride. H. Rose and F, Hoppe-Seyler said that while gypsum loses 
water at a temp, as low as 100°, gypsum is always the form which separates from 
soln. of sodium chloride. J. Roth objected to this statement, because ho obtained 
deposits of anhydrite from sodium chloride soln. at ordinary temp, G. Spezia 
obtained a separation of anhydrite from a sat. soln. of sodium chloride at 500 atm. 
press, in spite of the fact that gypsum occupies a less vol, than anhydrite, and 
water resulting from the decomposition, H, Vater evaporated soln, of gypsum 
sat, with respect to sodium or magnesium chloride, and obtained crystals of gypsum 
while natural anhydrite remained unchanged in these soln. It is unlikely that 
H. Vater realized equilibrium conditions in his experiments. R. Fassbcnder found 
gypsum to be the stable phase in equilibrium with cold sat, soln, of sodium chloride 
at ordinary temp., but at higher temp, anhydrite is the stable phase, R. Brauns 
obtained natural anhydrite at ordinary temp, with gypsum in contact with sat, soln. 
of calcium or magnesium chloride, H, Struve and K, Haushofer found natural 
anhydrite to he the stable phase in the presence of cone, sulphuric acid. The general 
conclusion from the work of J. H, van’t Hoff is that gypsum and natural anhydrite 
are the only forms of calcium sulphate which are stable in the presence of any soln,, 
and the conditions under which one or other form is stable depend on the temp, and 
nature of the soln. with which it is in contact. For an aq, soln, of calcium sulphate, 
this temp, is about 66° ; for a eat. soln. of sodium bromate, 50°; for a sat, soln. of 
sodium chloride, 30°; and for a sat. soln. of magnesium chloride, 11°, So long as 
it was assumed that the change of gypsum to anhydrite requires a temp, exceeding 
150*, there appeared no satisfactory explanation of the presence of anhydrite in 
natural deposits. The geological evidence is in agreement with the work of 
J. H. van’t Hoff in showing that anhydrite has been deposited from soln. contain¬ 
ing sodium chloride and other soluble salts, all of which depressed the inversion 
temp. 

As in the case of calcium oxide, K. W. G, Kastner found strontia can be made 
red hot when it is treated with cone, sulphuric acid; J. S, E, Julia-Fontenelle and 
G. A. Quesneville did not get so high a temp, when smaller quantities were used. 
Anhydrous fftrontium sulphate, SrSQ 4 , is precipitated by treating a soln. of a 
strontium salt with sulphuric acid or a soluble sulphate. The precipitate with 
dil. soln. is a crystalline powder, but with cono. soln.,*it is flooculent and amorphous, 
and later assumes a crystalline form. M. M. P. Muir and 0. Slater studied the effect 
of cone, on the reaction between sulphuric acid and strontium chloride. By working 
with alcoholic soln,, P. P, von Weimam obtained coUoid&h strontium sulphate. 
O. Schumann oxidized heated strontium sulphide to sulphate by the action of steam. 
A. B. de Schulteu prepared crystals of artificial celestine by adding a soln, of fi gnus. 
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aulphurio add in 3 litres of water in a soln, of 28 gnus, of strontium chloride in 
3 litres of water, and allowing the mixture to stand for a couple of weeks. L. Bour¬ 
geois prepared artificial celestine by repeatedly heating to 150° and cooling a mixture 
of precipitated strontium sulphate with an excess of hydrochloric acid (1^2); 
N. S. Manross, by melting potassium sulphate with an excess of strontium chloride ; 
H. Struve, by evaporating a cone, sulphuric acid soln. of precipitated strontium 
sulphate; and A. Gorgou, by fusion with alkali chlorides. 

According to A. A. B, Bussy, the vapour of anhydrous sulphuric acid is absorbed 
by heated baryta, and the mass becomes incandescent; similarly, E, Kuhlmann 
found that when baryta is brought in contact with anhydrous sulphuric acid, fused 
at 2fi & , it becomes incandescent; and M. Barry found the baryta becomes red hot 
when mixed with cone, sulphuric acid containing a little more or a little less than 
one mol of acid to one of water; and E. Kuhlmann added that sulphuric acid of 
fip. gr. 1'848 does not combine with baryta at ordinary temp., but if the solid, 
moistened with the acid, be touched at any point with a hot iron, or a wet glass rod, 
combination commences at that point, and is propagated throughout the mass ; 
combination also ensues on exposure to moist air. If the same acid be mixed with a 
little water and cooled, it unites with baryta with incandescence ; but if the acid 
be mixed with more water, the phenomenon does not occur* When the acid is 
mixed with water, no reaction occurs if the baryta has been previously mixed with 
alcohol or ether. 

Sulphuric acid and soluble sulphates precipitate barium sulphate, BeuS0 4 , 
from aq. soln. of its salts. Sulphuric acid also transforms insoluble barium salts 
wholly or partially into the sulphate. A protective film of sulphate is formed when 
witherifce is treated with sulphuric acid, but, according to T* J* Pelouze, dil. sulphuric 
acid mixed with 4 per cent* of hydrochlorio acid, rapidly converts witherite into the 
sulphate. The purification of native barium sulphate has been discussed by 
C. Coffignier, J. Ramsden, etc. Barium sulphate was formerly made by treating 
a soln. of barium chloride with sodium sulphate or sulphuric acid, but it is now made 
by treating barium sulphide with salt-cakes* The latter process furnishes a denser 
product than the former, and gives sodium sulphide as a valuable by-product. 
Barium sulphate is also a by-product in the manufacture of hydrogen peroxide from 
barium dioxide and sulphuric acid. P. A. Mjickay obtained barium and strontium 
sulphates in a finely divided form by grinding the native mineral, dissolving it in 
sulphuric acid containing free sulphur trioxid^ and pouring the soln. into water to 
precipitate the dissolved sulphates. C, H. Hall studied the electro-precipitation of 
colloidal barium sulphate. 

Tho structure of precipitated barium sulphate has been studied by P. P. von 
Wcimarn, and S. Qdfen —vide 3. 23, 8. According to G, Buchner, colloidal barium 
sulphate is obtained by mixing equal mol. proportions of a 40 per cent* soln. of 
barium acetate and a 90 per cent* soln. of aluminium acetate. Y. Kato obtained 
it by adding a dil. alcoholic soln, of sulphuric acid to a dil. alcoholic soln. of 
barium acetate. E, Feilmann heated a mixed aq. soln. of casein and sodium 
sulphate with an aq. soln. of barium chloride. N* G. Chatterji and N. R. Dhar 
observed no peptization of barium pulphata with glycerol and alkali hydroxide. 

According to R* Pictet, a mixture of sulphuric acid with an alcoholic soln, of 
barium chloride is quite clear at —85°; but as the temp, rifles to —70°, the liquid 
suddenly becomes turbid, showing that no reaction occurs at the lower temp. 
L, Jouiin shqwed that a slight excess of sulphuric acid is needed for the complete 
precipitation of barium from soln. of its salts, and conversely a alight excess of 
barium salt soln. is needed for the complete precipitation of sulphuric acid ; soln. 
containing an equal number of mole of sodium sulphate and barium chloride, at 
a dilution of 1 : 5000, are completely precipitated in four days, but in 24 hta, Arth 
part still remained ttfichanged. According to E. Schone, when barium sulphide 
. ts oxidized by fuming nitric acid to barium sulphate, the filtered soln. contains 
both a little barium and a little sulphuric acid* W, Spring compressed an intimate 
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mixture of dje part of dry barium carbonate with three parte of dry sodium sul¬ 
phate, at 6000 atm,, and found G0'16 per cent, of the carbonate wqp converted to 
sulphate; by re-grinding the mass, another compression gave a 73'3 per cent, 
conversion. Equilibrium was obtained when 80 per cent, was converted. 

In 1829, E. Turner 7 pointed out that barium sulphate has a tendency to carry 
down other salts during its precipitation : 

The adhesion of potassium sulphate to the precipitate ensues even in a dil. aoln. ; and it 
ie not prevented by the presence of other salts, fiuch as potassium nitrate, ammonium 
chloride, or ammonium nitrate. The quantity of adhering salt is variably depending 
apparently as well on the relative quantity of (ho two salts, and the strength of the soln,, 
as on the manner and extent of edulcoration, I have known it to increase the weight of the 
barium sulphate by 1 per cent. 

A large number of observers have placed similar facts on record. Salts of the 
alkalies, alkaline earths, silica, magnesium, cobalt, copper, iron, and aluminium 
compounds may be carried down with the precipitate. There are difficulties also 
due to the solubility of barium sulphate in the presence in the aoln. of certain other 
compounds. 

Crystalline barium sulphate can be made by evaporating a cone, sulphuric acid 
solu. of the precipitated salt; T. Scheerer and E, Drecheol evaporated a soln. of 
barium sulphate in metaphosphoric acid ; and they fused barium fluoride with 
calcium sulphate in the presence of potassium or sodium chloride, and extracted the 
cold mass with water ; H. de S^narmont a heated precipitated barium sulphate with 
dil, hydrochloric acid, or sodium bicarbonate to 250° for 60 hrs., and C. M. Manross 
fused 12 grms, of potassium sulphate with 50 grms, of barium chloride; A. Mace 
obtained crystals of barium sulphate by double decomposition between barium 
nitrate and ferrous sulphate ; and C. E. Guiguet, by double decomposition between 
sodium sulphate and barium chloride. 
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§ 17, The Dehydration and Hebydration of GypaunL Plaster of Paris 

C. Pape 1 found that crystals of gypsum effloresce at 100 s , and J. W. Gunning 
showed that tho dihydrate loses water when dried in a steam-bath. According to 
F, Knapp, gypsum Joses the whole of its water below 100°; and, according to 
W. A. Shcustono and J. T. Cundall, gypsum can bo dehydrated by heating it to 70° 
in dry air; and 3 per cent, of water was lost by heating hydrated calcium sulphate 
at 40° for 144 hrs. The dehydration of gypsum has been also studied by 
N, A. & Millon, G, and E. Plessy, H. Precht and K. Kraut, etc. A. Payen noted 
that gypsum begins to lose its water when heated to 115*, and it then loses water 
more quickly the higher the temp. W* A. Davis confirmed an observation of 
W. A, Shenstdhe and J, T. Cundall that there is a distinct initial period of inertness 
during the dehydration of gypsum. H. How found tabular gypsum dehydrated 
more readily than the fibrous variety* J. B. Hannay found a break in the dehydra¬ 
tion curve corresponding with CaS0 4 .l JH 2 0, but none with GaSO*.iH 2 0; on the 
other hand, H, le Chattier determined the time rate of rise of temp,, ue, the heating 
curve, Fig. 38, of powdered gypsum. The temp, rose steadily up to 128°, when 
there was a long interval during which the temp, remained stationary; a second 
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steady rue joeeuired between 128 ° and 163 °, when a second bnt shorter break 

occurred; this was followed by another continuous rise. There was a continuous 
o loss of weight on heating gypsum to IBS 0 , 

™ j I J "I until 156 per cent, had been lost, when the 

g zftf —J--residue retained a constant weight corre^ 

§ j \ spending with CaS0 4 .’H a 0; similarly, tho 

^ f— loss at 194° was continuous until the 

s t 4 Q _|_——_ anhydrous sulphate was formed, when 

§ the weight remained stationary, 

K /2D ' -' | ' '-The following is a selection from 

W ttll-L. I I I I I I the vapour pressure measurements of 
* *7i~ *> l H- vui’t Hoff and E. F. Armstrong 


0 m 20 30 4 

Time m minutes 

Fig, 38.—Heating Cum? of Gypeum, 


for the system CaSO^SH^O—CaS0 4 .JH a 0 


n^Ovapour at different 

temp.: 


40* 

W 6 SO" 

ion* 

110 s 


91 -4 272-4 

7103 

1104 mm. 

vap. pr* 

jss. of^water are 



54-9 

149 355 

7fi0 

J07Gmm 


Vap, press. . , J 17 2‘78 tl '24 2ti Z 91-4 272 4 7108 1104 mm. 

where the corresponding values for the vap. press. of^jvater arc; 

Vap, press. , . 4 .T7 !N4 17 4 54-9 149 355 7fi0 J07Gmm 

The observed results are in close agreement with the formula: logp=logp,* 
+1*493-5677/(0+273), where p denotes the vap. press, of the system at 0°, and 
pu, that of water at the same. temp. They are plotted in Figs, 39 and 40 on different 



J0° *& v 50" &r 60° 70° so v oo v , Uv 

Temper&tuns Tempemtures 

Fma.-39 and 40.—Vflfx>ur J're'wum Curves of the Hydrates of Calcium Sulphate. 


scales—the latter shows diagrammatically the transition points; otherwise expressed, 
when gypsum is heated with water under press., above 107°, the heroihydrate will 
be formed, and when the latter is heated witlr water below 107°, gypsum will be 
formed. The transition temp, is lowered in the presence of aq. sain. having a lower 
vap. press, thanwatcr—e.p.a sat, soln, of sodium chloride converts gypsum into the 
hemihydrate above 77the temp, at which the vap, press, of the system: CaS0 4 ,2H E 0 
—Ca80 4 .iH 2 0, becomes equal to the vap. press, of the sat. soln. In tfth presence of a 
20 per cent. sola, the transition temp, is 93*3°; and in the presence of a 3 5 per cent, 
eoln. (sea-water), 105°. Again, in the presence of solid hexahydrated calcium 
chloride; the transformation temp, is 17° ; in a 13 per cent. soln. of calcium chloride, 
it is a little above 100° ; and in a sat. soln. of magnesium chjoride, 11°. The effect 
of soltL of sodium or calcium chloride on the dehydration of gypsum was also 
investigated by F. Hoppe-Seyler, and G. Bose 4 '; and of soln. of sodium sulphate by 
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H, Rose- W, A, Davis and E* F. Armstrong have indicated that there is a possi¬ 
bility that those measurements really refer to the system : Hemihydrater^soluble 
anhydrite. Two determinations by H, Lescccur are not in close agreement with 
these values. The transformation temp, for gypsum-^hemihydrate is 107° at a 
press, of 970 mm M and at 758'8 mm. press*, 101 "45*. 

A* Potilitzin found that if gypsum be converted into anhydrous sulphate below 
200% it sets with water, and he calls this g-anhydrite in contrast with the dead- 
burned form which he calls jS-anhydrite* He represents the di- and hemi-hydrates 
and the cl- and jS-fonus of anhydrite by the formuke: 


Cu<Q>t>(OH)j 

iWhyrtrato. 


n ao 3 *CftOH 
U< HCVGat)H 

HcmlliycLrafc. 


{J S0 3 ,Ca 
^SO a .Cur 

o^Anhydritc. 


mjh.o.mj'* 

S0 a Ca*0.ti0 a Ca 

U-Artl i. yclTlto. 


>0 


The dihydrate is thus regarded as the calcium salt of ortbosulphuric acid, S(OH)«; 
and the hemihydrate as the calcium salt of parasulphuric acid, SO(OH) 4 . Again, 
^-anhydrite is considered to bo a polymerized form of a-anhydrite, K, Zulkowsky 
and P. Rohland regard the dihydrato as a calcium salt of orthosulphuric acid, H^SO^ 
or S(OH)g* J. H. van’t Hoff, W. Hinrichsen, and P. Weigert showed that under 
special circumstances, gypsum in the presence of water is converted into anhydrous 
calcium sulphate, which, unlike natural anhydrite, is fairly soluble in water, and sets 
in water even more rapidly than the hemihydrate, This soluble anhydrite is pro¬ 
duced when precipitated gypsum is heated in vacuo over cone, sulphuric acid 
between (50° and 90° ; or when gypsum, regenerated from plaster of Paris, is heated 
at 1G0 & . It was assumed that gypsum is converted directly into soluble anhydrite, 
and not through the hemihydrate as an intermediary, because the vap. press* of 
gypsum in equilibrium with soluble anhydrite is greater than gypsum in equilibrium 
with the hemihydrate. Vap. press* measurements show that the transformation 
temp, of gypsutn into soluble anhydrite, in contact with water, is lower than the 
transformation temp, of gypsum into hemihydrate, being 93° in the former case and 
107° in the latter. The production of the hemihydrate in K, F* Armstrong’s 
experiments in preference to soluble anhydrite is explained by assuming that it is 
duo to the suspension of the transformation : gypsum-s-soluble anhydrite. In the 
absence of a kg—Verzdgervng —J. H, van’t Hoff believed that the change of gypsum 
into soluble or natural anhydrite should precede the change into the hemihydrate* 
W* A. Davis takes the opposite view —vide infra. The vap, press, of the system 
Cnb(\JlI^O CaSO^rijuWfl"H^Ovapum was found to be. 


15* 20 s 40 ? £>0" 00* W S if 85° 

Vflp. pr&B. . 7 10-7 34 OHS 108 18G 314 407 mm. 


and the results represented by log p—log p aj +3341'5T _1 -)-25 < 905 log T— 75'198. 
The transformation temp, is given as 90 u -y3°, The data are plotted on different 
scales in Figs. 39 and 40, 

J. H. van’t Hoff further assumes that a second variety of gypsum which gives 
rise to natural anhydrite should occur at an even lower temp., but is normally 
prevented from appearing; and it is estimated that the transformation temp, of 
gypsum into natural non-setting anhydrite is as low as 63 5 D when in contact with 
water. He also gives for the system CaSO^.SH^O—CaSQ^tumJ a^yarJto —H a O V Aj>uuri 

0* 5* 10' 120 1 30* 40* 6°“ fl®" 

Vap, press* * * 2 62 3 93 579 12-2 24 45 4 82*5 143 mm, 

o 

and the transformation temp, is given as 63'5°-6G°* They are plotted on different 
scales in Figs* 39 and 40* 

vol. in* 3 D 



no 


INORGANIC AND THEORETICAL CHEMISTRY 


Table IV,— 1 Tbahwobhatiqn Temeeratureb of Gypsum* 



| In the presence of 


The conversion temp, 
of gyptmm lute 



Frm. of water. 


Water. 

Sat. gain. Wall, 


Natural anhydrite . 

63'5° 

36° 

17 6 mm* 

Soluble anhydrite , 

93° 

02* 

688'0 mm. 

Hemihydrate , 

i07° 

76° 

701-0 mm. 


These results ore summarised in Table IV. This classical work of J, H. van’t Hof 
wants revision in the light of W. A. Davis' work : The nature of the change# involved 
t» the production and setting of plaster of Paris. 

W, A, Davis has shown that when monoclinio gypsum is heated* it is very 
probably converted into a second rhombic form of gypsum; and that before mono¬ 
clinic gypsum is dehydrated, it first changes into the rhombic form. This is 
evidenced (i) by the inflection in the dehydration curve of gypsum, which shows that 
the loss of water docs not begin immediately the material ia heated, but there is a 
distinct period of induction, W. A, Shenstone and J, T, Cundall fat showed the 
initial reluctance of gypsum to give up water, and attributed the phenomenon to 
the presence of fi molecular aggregates of great stability, and it is only after the 
gradual breaking up of these that the dissociation can take place/ 1 (ii) The change 
which occurs in the optical properties when gypsum is heated. At ordinary temp., 
the optic axes of gypsum lie in the plane of symmetry of the crystal, but on heating 
to a temp, slightly above 100°, and before dehydration begins, the optic axes revolve 
ho as to take up a position at right angles to this plane. A. Lacroix 1ms shown that 
when a plate of gypsum is heated, long needles appear within the crystal, and they 
are elongated in the direction of the vertical axes of the gypsum, and give a rigidly 
longitudinal extinction, (iii) All the products of the dehydration of gypsum— 
hemihydrate, soluble anhydrite, and ordinary anhydrite—have rhombic symmetry, 
(iv) No period of induction has been observed in the transformation of the rhombic 
hemihydrate to rhombic soluble anhydrite. 

W. A, Davis has also shown that just as the dehydration of monoclinic gypsum 
is preceded by a change into a rhombic form, so when the hemihydrate is rchydrated, 
it is fat converted into the rhombic form and subsequently into ordinary monoclinic 
gypsum. The changes are strictly reversible : 

a-CaS0 4 .2H > O^^CaSO r 2H 1 O^CuS0 1 .iH i O + liH ! (> 

ModdcIIdIc Rhombic Rhombic 

W, A. Davis inferred that the setting of plaster of Paris is not simply a regeneration 
of gypsum by the iehydration of the hemihydrate, for if the setting is observed under 
the polarizing microscope, “ not a single gypsum crystal can at fat be detected in 
the set moss; the cake of aet material, during the fat quarter of an hour after it 
has hardened to a coherent mass, which is only slightly indented by the finger-nail, 
is made up of crystals showing a straight extinction only, and therefore probably 
orthorhombic. The first product of the setting of the half-hydrate (or soluble 
anhydrite) is, indeed, the same orthorhombic dihydrate as is produced in the first 
stage of the dehydration of gypsum. Gypsum crystals subsequently make their 
appearance within the set mass owing to the fact that the orthorhombic form of 
the dihydrate is labile at the ordinary temp,, and undergoes change, more or less 
rapidly—during the course of several hours or several days, the time varying greatly— 
into the more stable form gypsum.” 

When gypsum plaster is ground, the heat developed iasuifioien* to liberate all the water* 
forming soluble onhydrite; if ground under ouch circumstances that the water is not per¬ 
mitted to escape^ W. E. Eraley showed that the product is at plastic at lime putty— 
plastic gypsum plaster. 



THE ALKALINE EARTHS 


771 


The continuity of the dehydration curves obtained by heating gypsum in a 
stream of dry air between 98° and 130°, whereby soluble anhydrite is formed, appears 
at first sight to favour J, H, van't Hoff's assumption that soluble anhydrite is 
formed directly from gypsum, but W. A, Davis also showed that (i) the hemihydrate 
is likewise converted into soluble anhydrite after 4 hrs.’ heating at98 Q ; (ii) gypsum 
heated in an open crucible at 98* is converted into the hemihydrate, and that the 
latter remained unchanged after 18 hrs.’ heating under the same conditions. This 
agrees with W. A. Shenstone and J, T. CundoJI's experiment where gypsum was 
completely dehydrated at 70° in a stream of dry air, but formed only the hemihydrate 
at 100° in ordinary undried air. Hcncc it was inferred that in the formation of 
soluble anhydrite by heating gypsum, the hemihydrate is formed as an intermediate 
product. 

W. A, Davis also found that although the hemihydrate does not lose water in 
an open vessel at 98* it gives soluble anhydrite when heated for 9 hrs. in a toluene 
bath at lOTM.GB 0 , and gypsum, under similair conditions, gives the same product 
in about the same time. At 129°, the loss of water is completed in half the time, 
and soluble anhydrite is formed, C. Cloez also showed that gypsum can be entirely 
converted into soluble anhydrite at 145° in 4 hrs. Hence, at a temp, below 100°, 
the vap. press, of the system gypsmn-hemihydrate is sufficiently great to allow 
gypsum to pass to the hemihydrate, but only above 100° does the press, become 
sufficient for the hemihydrate to fonj. soluble anhydrite, E, F. Armstrong stated 
thatthe vap. press, of the system gypsum-hemihydrate is equal to one atm. at 101 45°, 
but he has also stated that, owing to lack of knowledge concerning the crystallo¬ 
graphic characters of the hemihydrate and soluble anhydrite, what was regarded 
as the hemihydrate was probably soluble anhydrite; and the transition point 
really refers to the change from the hemihydrate to soluble anhydrite. 

The change of the hemihydrate to soluble anhydrite and water vapour is rever¬ 
sible, Soluble anhydrite was shown by 0. Cloez to be very hygroscopic and to take 
up 8 per cent, of its weight of moisture from the air. W, A, Davis showed that the 
excess above the 6‘6a per cent, required for the formation of the hemihydrate is 
mechanically retained, as is evident by (ij the variability in the amount which 
depends on the humidity of the air, (ii) no gypsum can be detected among the 
products of tho action, and (iiij if dry air be passed over the product at ordinary 
temp,, tho excess of water is removed, and the actual absorption compounds with 
that theoretically required for the formation of the hemihydrate ; while the gypsum 
shows no sign of aloes of weight under similar conditions. The original hemihydrate 
can be quantitatively regenerated from a known weightof hemihydrate which has been 
converted into soluble anhydrite at 100°, by exposing it to humid air, followed by 
treatment with a current of dry air so as to remove the excess or adsorbed moisture. 
The raising of the amount of absorbed moisture above the limit required for tho 
hemihydrate owing to adsorption plus chemical combination misled C. Cloez into 
stating that cette limits ne correspond d tiucun hydrate defini t and hence believing that 
no definite hydrate is formed. 

W. A. Davis has shown that gypsum loses water to form the hemihydrate when 
heated to 93° in an open crucible. t J. C. G. de Maiignac observed no change when 
gypsum is heated with boiling water ; nor could E. F. Armstrong transform gypsum 
into the hemihydrate by heating it with water at 100° for a couple of hours. 
W, A, Davis treated 4 grms. of the hemihydrate with 500 c.c, of water at 100°, and 
found nearly, all dissolved; on heating this solo, minute crystals separated out— 
these crystals gave an oblique extinction of 525°, and the twin forms characteristic 
of gypsum; when these crystals were heated under boiling water for 3 hrs., 
they had the characteristics of rhombic crystals—not a single crystal of gypsum 
remained. The crystals had the composition CaS 64 .lH B 0 . Unlike the ordinary 
hemihydrate, that pApared by the prolonged action of boiling water on gypsum 
sets very slowly, and is not very coherent after standing a couple of hours; it thus 
resembles that prepared by H. le Chatelier by heating gypsum with water at ISO' 3 - 
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isdistinctfrom thequick-seUmghmihydrates obtained (i) by thepartial dehydration 

of gypum at 100°; fiij by tie adsorption of water vapour by soluble anijdrite; 
and (ni) by the action of nitric acid on gypsum. These varieties of the hemihydrate 
bear the same relation to one another as do the natural and soluble forms of anhydrite* 
W. A. Davis infers that calcium sulphate is dimorphous not only when anhydrous, 
but also when hydrated, for both the di- and hemihydratee exist in two different 
forms. His summary of the relationship with iaodmmiphous calcium chromate 
is indicated in Table V, The dimorphism of calcium chromate has been observed 
only in the case of the dihydratc; and it is remarkable that the monohydrate is 
the most stable hydrate of calcium ehromatc, while amonohydrated calcium sulphate 
does not exist. 

Table V*—Comparison of Calcium Sulphate mu Chromate (W* A. Davis). 

Cnso* | UftCrO* 

.~~. ‘ ' " 1 . 

Dihydrate . a-fonn i monoclinic gypsum I a-form : nionoclinic (labile). 

. ^Morm ; rhombic (Labile) | 5-form ; rhombic. 

Monohydrate Not known i .Khombic. 

Hemlhydrate a-form : rhombic (alow yetting) 

5-form : rhombic (quick setting) * ■ One form only is known. 

Anhydrous a-form ; rhombic (native anhydrite) 

jS-form i rhombic [soluble anhydrite) a-form only is known. 


Anhydrous, hemihydrated, and dihydrated calcium sulphate are therefore all 
dimorphous. As a rule, the hydrated sulphates of the bivalent metals are also 
dimorphous— e.g. MnSO^lH^O; MnSO^THaO; FcS 04 . 4 H a 0 ; FeS 04 . 7 H a 0 ; 
MgS0 4 .7H 2 0; ZnS0 4 .6H a 0; ZflSG 4 ,7H a O; NiS0 4 .6H 2 O; KiS0 4 .7H^0; CuSO*. 
7H £ 0 ; and CuSOi-SHsO—and the dimorphism generally extends to the different 
hydrates of the same sulphates as in the case of the manganese, nickel, zinc, and 
ferrous sulphates; and in nearly all eases two forms crystallise in different systems, 
generally rhombic and monoclinic* 

The cause of the setting of plaster of Paris is mainly that indicated by A. L. 
Lavoisier in 1768; and, nearly 120 years later, further details were established 
and described by H. le Chatelier in his Recherche# cxpcrinierUalc# sur la constiltdion 
dec wortiers hydrauliques (Paris, 1887)* Minor details have since been elucidated 
by J. H. van’t Hoff and co-workers, W. A. Davis, etc. 

The predominant constituent in normal plaster of Paris is hemihydrated calcium 
sulphate, aCaSO^.HaO, or CaS0 4 >iH 2 O. J* 0. Gr. dc Marignac showed that when 
plaster of Paris is stirred with water, it gives a more cone, soln, of calcium sulphate 
than can be prepared from powdered gypsum. F. Knapp,E. Landrin and H. le Chate- 
liei assumed that such a soln* is farmed when plaster of Paris is mixed with a small 
proportion of water. If a large proportion be employed, the hemihydrate is readily 
hydrated and a loose coherent mass of isolated prismatic crystals is formed, hut, 
continued H. le Chatelier, with a small propoftion of water, the particles of the 
plaster are in close contact, and minute crystals of gypsum separate from the super¬ 
saturated sob. More plaster is dissolved and more crystals of gypsum ore formed, 
the final result—the set plaster—is a confused moss of interlocking lath-shaped 
prismatic crystals. In favour of this explanation, H. le Chatelier showed that 
anhydrous sodium sulphate readily forms a soln. supersaturated with respect to the 
decahydrate, NagSO^lOHgO, and it too sets when moistened with water; the 
hardening of zinc oxide in contact with a soln* of zinc chloride is likewise preceded by 
the formation of a supersaturated soln. from which crystah of sine oxychloride 
separate* F, Knapp also showed that the setting of plaster of Paris is on alternating 
process of dissolution and crystallization. If the hemihydrated calcium sulphate 
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be hydrated without a solvent being present no setting occurs . For example, gypsum 
dehydrated at 150°, takes up water from 80 per cent, alcohol, and forme a non- 
setting mush, since the resulting dihydrated calcium sulphate does not dissolve* 
The mass hardens if one-third to one-fourth part of water is present* E, Land Fin 
stated that the strongly heated anhydrous sulphate will set if it be mixed with a 
little calcium sulphate and moistened with water, 

C, Cloez believes that the same soluble anhydrite is always present in plaster 
of Paris* and that this constituent, not the hemihydrate, is the important constituent. 
He said that the hemihydrate ne se formait pas pendant la efu pldire, and it 

plays no part in the setting of plaster. The formation of the supersaturated soln. 
of the soluble anhydrite and its subsequent crystallization in a mass of interlocking 
bundles of radiating prisms of gypsum, produces set plaster, C* Cloez is probably 
wrong, and H. le Chatelier right, in assuming that the hemihydrate ia the essential 
constituent of plaster of Paris ; although it may be conceded that if the boiling 
or baking of plaster is a little overdone, some soluble anhydrite may bo present; 
and if a little underdone, some unconverted gypsum remains with the hemihydrate. 
According to P. Rohland, the setting of piaster of Paris is not solely due to the 
anastomosing of the crystals of the dihydratc, but a colloidal soln. with water is 
formed, and the setting in part proceeds as with mortar. A. Cavazzi, indeed, did 
obtain a gelatinous mass by grinding fresh plaster of Paris with water, and 
crystals were subsequently formed; he therefore assumed that a highly hydrated 
intermediate product (colloid) is formed which subsequently loses water and becomes 
crystalline. I. Traubo also favours A. Cavazzi’s hypothesis; he found that the 
influence of cations on the setting is all-important, that of the anions is very small; 
the order in which cations influence the setting is the reverse order in which they 
precipitate colloids from soln. This points to a preliminary gel formation in the 
setting. 

There is an apparent expansion during the setting of plaster, and the utility 
of plaster of Paris in the preparation of moulds, etc., depends on this quality which 
enables it to All the mould and take a sharp impression on the surface* 

Mooldjuakens habitually make iui dlowanco for the expansion of plaster. R. J. Frit*well 
reported that lip to about 1BBQ, tho expansion of plaster in setting wan utilised in Honda 
aa a means of executing criminals. The criminal h worn placed in hollow stono columns 
anti surrounded with wet piaster of Paris, At first a little inconvenience was suffered* 
they would then show signs of distress and scream loudly ; finally paralysis and death 
flmxjrvenad, This would no doubt occur aa tho expansion of the planter compressed the 
thorax and abdomen* 

The*expansion of the setting plaster, however, is only apparent; for the actual 
volume of the set plaster is less than the combined volume of water and hemi- 
hydrate before netting. The sp, gr, of the hemihydrate is 275, and of the dihydrate 
2 32; and, assuming the change during setting to be: 2CaS0 4 .H 2 C)+3H 2 0 
= 2 (CaS 04 , 2 H 2 0 ), the volume before setting is 3xl8-j-290/27G=159 5 units, and 
after setting 2 X172/2'32=1481 unite* This corresponds with a contraction of 
about 7 percent* H. van’t HofFs measurements with a dilatemeter showed that 
during the hydration of plaster, »a large contraction occurs during tho first half- 
hour, and this is succeeded by a smaller expansion, which continues during several 
hours, W, A. Davis interprets this by showing that the fir at contraction corresponds 
with the formation of the rhombic modification of gypsum, and the subsequent 
expansion, tfith the conversion of rhombic into monoclraio gypsum. As G. P* Grims- 
ley has shown, the outward thrust of the crystals in the direction of their growth 
also accounts for the sudden apparent expansion which accompanies the setting. 

E* Leduc and M, Pellet observed no change of temp* in the setting of alabaster 
dehydrated at 400*; but if dehydrated at 260°, there ia a considerable rise of temp* 
According to 0. Cloez, if anhydrous calcium sulphate be mixed with an equal 
amount of water, the temp, rises 14* to 22° owing to the formation of the hydrate j 
in about ten minutes the temp, falls 4° to 6° owing to the dissolution of the hydrate; 
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and it then rises again, higher than at the beginning, owing to the crystallisation 
from the supersaturated som + If the hctnihydrate is employed, the phenomena are 
correspondingly modified, 

J. F. MoCaleb measured the hydration of powdered samples of anhydrite and 
of selenite (previously heated to bright redness). A gram of the powder was 
moistened with water, and confined over water in a bell-jar between 25° and 30 s ; 
the sample was then dried over sulphuric acid to remove mechanically mixed water. 


i 2 

Anhydrite, Sulzbnrg . U"020!) 0 - 03E7 

Anhydrite* Nova Scotia 0*0072 00155 

CaJc. sdenibo, Montmftrto , 0 0022 0 0048 


S WWlCL 

0 0403 gun, 
0-0234 „ 
00073 „ 


The first-named sample also absorbed per gram : 

4 8 IE lit 30 S3 ttwetta. 

Wh1/t . 00308 0 0488 OOG2t) 0 0700 0 0803 OOS73 0O&40grm. 


According to C, Cloez, calcium sulphate dehydrated at 145° at 14M6°, absorbs 
3 7 per cent, of moisture from the atm. in I hr.; 4'27 per cent, in 2 hrs ,; 57 
per cent in 3£ hrs.; 7 57 per cent in ID hrs,; 777 per cent in 27 hrs, ■ and 
7 + 93 pur cent, in 74 hrs. There is no sign of the formation of a definite hydrate 
on the resulting compositi on-time curve. According to Y. Zunino, when artificial 
gypsum, dchydrated at 200° or 230°, is heated in a current of steam, it re-absorbs 
all its water of crystallization ; if dehydrated at 240* it absorbs 75 per cent.; if 
at 250** 33 per cent,; if at 200°, 11 per cent,; and over 2GG°, it absorbs no water, 
while natural selenite loses this property when calcined to 3O0° + E. Leduc and 
M. Pellet found that alabaster dehydrated at 120* begins to set 8 mina, after 
mixing with water, and has finished in 1G mina.; if dehydrated at 250*, the 
beginning and ending of the setting are respectively 4 and 6 mina.; if dehydrated 
at 450 s , the setting begins in 4 mins, and is not completed in 5 hrs.; if t dehy¬ 
drated at 600*, it gives a solid mass after some days ; and rto signs of setting occur 
with alabaster dehydrated at fi50 o -8OG°; while gypsum heated to 1185° forms a 
friable mass. 

The manufacture of plaster of Paris is comparatively simple. The selected raw 
material is partially dehydrated, and finely ground. If the boiling, as it is called, 
is conducted in iron vessels called kettles, the grinding is usually done first. The 
escape of the water in kettle boiling gives the powder the appearance of a boiling 
liquid. The powder is agitated in order that the material may be as uniformly 
heated as possible. If the burning is performed in ovens or rotary cylinders, the 
raw material is preferably fed into the furnace in lumps, and the fine grinding follows 
the burning. The dehydration may be conducted between 100* and 200°, but in 
practice the temp, is kept at about 130° + The product contains about one-fourth 
the original amount of water, and is completely converted into the hemihydrate, 

F. Schott, F, Knapp, M, Zeidler* and V, Zunino have shown that if gypsum be 
heated to a temp, extending 200°, all the water of crystallization is expelled, and 
anhydrous calcium sulphate is formed. P, Rohland and R. K. Hursb agree that 
above 200* an anhydrous sulphate is formed whiah hydrates slowly without setting. 
The former assumes that the non-setting form is of high mol, wt.* and, at about 
525° dissociates into simpler mols., forming a second modification of the anhydrous 
sulphate which sets very hard without expansion, and he considers this to he flooring 
gypsum. The setting qualities, however, are not really lost when gypsuto is calcined 
above 200°, but instead of, say, about a quarter of an hour being required as in the 
case of ordinary plaster of Paris, the anhydrous plaster requires some days or even 
weeks for hardening. ThisproductiscaUedJ?o^^p?osfer--£str«^ps. R.Grengg 
said that flooring plaster consists of anhydrite and calcium ( oxide in solid solm, 
partly crystalline and partly glassy. According to J, H, van't Hoff and G. Just* 
the total dehydration of gypsum occurs at about 190°, the capacity to bind water 
is at first retained, and is only gradually lost, either by more intense or by longer 
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heating. The higher the temp, of calcination of the flooring plaster the slower the 
setting. Thus, with gypsum calcined for 10 hrs. at 200°, 93 per cent, was tet in 
23£ hrs., and in a sample calcined at 300°, only 66 per cent, was set in 21 hrs. 
Again, 69 per cent, of a sample of commercial flooring gypsum was set in 13 days, 
and with a sample of the same material calcined 10 hrs, at 40Q°, only 39 per cent, 
had sat in the same time, A further calcination at a higher temp, produced dead' 
burning, and the sample showed no signs of hardening even after weelrn, According 
to P, Rohland, when heated above 600°, a third variety of the anhydrous sulphate is 
formed which is voUstandifl totgebranrU, end neither sets nor hardens, so that it is of 
little industrial interest. J. H, van’t Hoff and O. Just continue: There is no evidence 
to show that after dead-burning a new binding capacity appears at a high temp,, 
in which case even natural anhydrite would be suitable for making flooring gypsum, 
P. Rohland: 1 s figures for the supposed transition temp, have not therefore been 
confirmed. Dcad-burnl plaster and natural anhydrite dissolve in water with extreme 
slowness, and they show no tendency to form supersaturated aoln., a condition 
which, according to H. 1c Chatclieris theory, is necessary for the setting. 

M. Glasenapp has shown that if plaster be heated bdow the critical temp, the 
product retains the crystalline form of gypsum ; and above that temp, it acquires 
the granular structure characteristic of flooring plaster. At a red heat some basic 
sulphate is formed which may play some part in the hardening, for a product with 
S3 per cent, calcium oxide still sets quite hard without appreciable change of vol,— 
Me infra , Scott’s selenitic cement. F, A. Wilder has described the manufacture of 
flooring plaster. 

The work of D, C, Wintorbotfcom and A, L. Keane on the supposed modifications 
of anhydrite maybe solely due to differences in the fineness of the particles, Even 
natural anhydrite will set if ground sufficiently fine ; and A, C* Gill found finely 
ground anhydrite and rough lumps of dead-burnt plaster were both largely converted 
into crystals of gypsum after standing covered with water in glass bottles for seven 
years. A. L, Keane also found gypsum calcined at 600°, and ground to particles 
,0 06 mm, diameter behaved like dead-burnt plaster, hut when reduced to particles 
0 006 mm. diameter, it set quite rapidly, forming a hard mass. 

It is probable that Grecian and mediroval plasters, made by burning gypsum,^ 
were types of flooring plaster. The hardening of these plasters has not been closely 
investigated; M. Gary has done a little work on the subject; and Wo, Ostwold and 
P. Wolsky have studied the colloidal processes occurring in the setting, by measuring 
the viscosity of suspensions of burnt gypsum at various periods of time and with 
various additions—alkali chloride, acetic acid, gelatine, etc, 0. Frey recommended * 
regelating the time of setting of plaster of Paris by mixing definite proportions of 
oidinary plaster of Paris and flooring plaster. 

According to J. L, Gay Lussac, the hardness of plaster of Paris when set is greater 
the harder the raw gypsum. This statement has not been confirmed. If the 
raw gypsum carries a laTge proportion of impurities, or if certain materials bo added 
to the plaster after burning, the product sets more slowly. The slow-setting plasters 
are used iq structural work and sometimes marketed as cement plasters. Normal 
plaster of Paris, made from a fairly pure gypsum, sets in from five to fifteen minutes 
after mixing with water, while the cement plaster may set in from one to two hours, 
or even more. P. Rohland found that the speed of re-hydration or setting is 
dependent on the grain-sixe of the plaster; and A, Ditte showed that the speed of 
setting may also be modified by the nature of the soluble salts in the water employed 
in mixing the plaster, for anhydrous calcium sulphate is more rapidly hydrated 
in the presence of alkali chlorides than in water, and this the more with potassium 
than with sodium chloride, P. Rohland found that the presence of salts like potas¬ 
sium sulphate, sodium chloride, aluminium chloride, calcium chromate, and potas¬ 
sium dichromate acdblerate, while borax and boric acid retard the setting; and oalcium 
chloride has no appreciable influence, hence salts which accelerate the action are 
called accelerators, and those which retard the setting are called retarders. P* Rohland 
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fbund that m gonera!, substances which increase the solubility of the gypsum 
accelerate the setting, and those which decrease the solubility of gypsum retail the 
rate of setting. L Traube found that the order of setting from the most rapid is 
with JiV-soIn, hydrochloric acid, oxalic acid, sulphuric acid, trichloroacetic acid, 
tartaric acid, boric acid, phosphoric acid, dichloroacetio acid, chloroacetic acid, 
acetic acid, propionic acid, and citric acid. The effect of potassium hydroxide 
is nearly the same as that of hydrochloric acid. No effect was observed with 
chloral hydrate, amyl alcohol, propionitrile, mannitol, paraldehyde, methyl 
alcohol, and methyl ethyl ketone. "With 10 grins. of plaster of Paris and 
4 c.c, of JN-KCl, setting occurred almost instantly; with 5 c.c., in 2'5 mins,; 
with 7 o.o., in 4 mins,; with IS c.c. setting had not occurred in 10 mins. Further, 
with 7 c.c, of a sat, soln. of potassium chloride setting occurred in 12 mins.; with 
a JN-soln., in 4 5 mins,; with a iN-eolm, in G l 5 mins.; and with ^JV-soln,, in 
19 mins. Hence there is a maximum velocity of setting with soln. of medium cone. 
W. Rohland, and I, Traube found that substances of a colloidal naturc^nc. glue, 
gelatine, etc.—interfere with the formation of crystals, and retard the setting. 
For instance, a small proportion of gelatine or glue retards the setting of plaster of 
Paris, while a larger proportion completely inhibits the formation of crystals and 
prevents the setting. It is said that the ancient Homans used blood to retard 
the setting of plaster of Paris, numerous patents have been taken for the use of 
organic matter in this connection— eg. glue, taukage from packing houses, prepared 
hair, sawdust, etc. The glues and gelatines increase the viscosity of the solo., 
and retard circulation so that the growing crystal exhausts its immediate neighbour¬ 
hood, and new material is more slowly supplied. 

The salts which accelerate the setting of piaster of Paris do not necessarily act 
in the same way on flooring plaster. Thus, ammonium chloride, calcium chloride, 
magnesium chloride, aluminium chloride, and potassium dichromate retard the 
setting of flooring plaster and accelerate that of plaster of Paris ; sodium chloride, 
potassium sulphate, aluminium sulphate, and potassium nitrate accelerate that of 
both plaster of Paris and flooring plaster; while borax retards the setting of both 
plasters. Quick-setting plaster of Paris probably contains a little crystalline 
gypsum which provides nuclei for the crystallization of the supersaturated soln. 
in setting. Hence, gypsum is an accelerator; and natural anhydrite a retarder. 

The so-called hard-finish plasters are used for producing a smooth white surface 
in internal building work, etc, Keene's cement is one such, and it is made by calcining 
a fairly pure gypsum at a red heat; the resulting anhydrous calcium sulphate is 
1 immersed in a bath of potash alum soln,, dried, and again burned at a high temp. 
The product is then ground to a fine-grained powder, which, when mixed with witter, 
hardens comparatively slowly. Another peculiarity is that the partially set cement 
may be reworked with water, and it seta apparently as well as if the setting had not 
been interrupted. This type of plaster is therefore sharply distinguished from 
the ordinary plaster cements derived from gypsum. In Martins cement f sodium or 
potassium carbonate is used as well as alum, and the burning is conducted at a 
higher temp. The so-called parian cement is made by incorporating borax with 
gypsum in a similar manner; and in Mack's cem{.nt t flooring plaster is mixed with 
about 0‘4 per cent, of anhydrous sodium or potassium sulphate. The mechanism 
of the setting of hard-finish plaster has not been established. Scott's selenitic cement 
is a compound cement made by mixing hydraulic lime with 2 to 5 per cent, of gypsum, 
either by grinding the two components in the dry state, or by slaking lime with an 
aq. soln. of gypsum. The different plasters derived from gypsum have therefore 
been classed in the following manner: 

I. The temp, of calcination docs not exceed 200° 0., and the product consists 
mainly of hemihydrated calcium sulphate, 

1. Produced by the calcination of the purer formed gypsum without 
the addition of foreign materials before or after calcination— 

eg. PIASTER OF PARTS, 
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2. Produced by the calcination of leas pom gypsums, or by the addition 
of retarders to plaster of Paris— e.g. cement plasters, 

II. The temp, of calcination exceeds 200° CJ., and the product is anhydrous 
calcium sulphate. 

L Produced by the calcination of gypsum— e.g. flooring plaster. 

2. Produced by the recalcination of flooring plaster or dead-bumod 
plaster with alum, borax, etc.— e.g. hard-finish plasters. 
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§ 18. The Solubility o! the Sulphates of the Alk al ine Earths 

» 

Gypsum i& the stable form of calcium sulphate under ordinary conditions of 
temp, and in contact with air, but the hemihydrate and anhydrite often exist aa 
metastable forms, because of the slowness of the transformation to gypsum. In 
water, gypsum is stable up to about 66°, when it passes into natural anhydrite ; 
while in the presence oft>ther salts, the transformation temp, is lowered, as previously 
indicated. In spite of this, the solubility of gypsum can be determined in these 
different menstrua faT above the transformation temp, becaugc of the slowness of 
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these transformations. Many misconceptions regarding the properties of gypsum 
havl arisen, and many of these were not cleared until the researches of J. H + van't 
Hoff and allied workers had yielded extensive and precise knowledge of various 
transformations of calcium sulphate. This work is outlined in J, H, van’t Hoff's 
Untersuchunqen uber die mdungewMUnisw <ter ow&nisehn Sahabl&jentngen 
tnsbestondere den Slassfurter Sakbgen (Leipaijj, 1912)* 

The accurate determination of the solubility of calcium sulphate in water has 
presented many unforeseen difficulties which have not all, even yet, been satis¬ 
factorily explained, J,C + G, de Marignac 1 showed that the early observations of 
the solubility of calcium sulphate by C, P, Buchols, P, von Giese, A. B. Poggiale, 
M. Tipp, L. dc Boisbaudran, A, H, Church, E, Erlenmeyer, A, Cossa, and K, Moller 
arc inaccurate because insufficient precautions have been taken to provide against 
the great tendency of this salt to form supersaturated sob. He said that ft it is 
exceedingly easy to obtain such soln,, and they are very slow to come to equilibrium, 
oven in the presence of an excess of solid gypsum." A. Cavazzi obtained super* 
saturated soln. with OR47 grm, CaS0 4 or 1T970 grms. CaS0 4 ,2ff £ 0 per 100 c.c, 
X C, G, de Marignac found that when a quantity of plaster of Paris is shaken with 
water for five minutes, and rapidly filtered, the filtrate is five times more cone, 
than a sat, soln. of gypsum. The supersaturated soln. soon becomes turbid, 
deposits crystals, and attains normal cone. J. C. G. de Marignac’a datagrams of 
salt per 100 grms. of water, are : 

tt * 13* 24* 92* 8 S ? *1* or ?S B 36 s M° 

CaS0,.2H,0 . 0-241 0-2G& 0-204 0270 0-272 0270 0W 0 250 0 2*0 0222 

CaSQ* * . 0 100 0-205 0200 0313 0-2JS 0-214 0'SJll 0-202 0180 0175 


G, A. Hulett showed that the cone, of a soln, in equilibrium with a plane surface 
is different from that of a soln. in equilibrium with a curved surface, and this the 
more the greater the curvature ; further, the solubility of the finely divided gypsum 
is appreciably greater than that of the coarse-grained solid—e.y. he found the 
solubility was increased 20 per cent, by decreasing the &\ic of the particles to 0 3ja. 
He found that the sol ubil ity of particles over 0 l G02 mm. i a diameter is 1 f>'33 mil limols 
per 1 litre at 2&°, and of particles 0’0003 mm. diameter 18 l 2 millimols per litre. In 
the latter esse, the excess separates from the soln, if it be brought in contact with 
particles not less than OIXBJ mm, diameter— vide 1. 10, L The sola. sat. with 
the fine grains is in an unstable condition, and the coarser grains slowly grow at 
the expense of the finer grains until the cone, of the soln. is in the state of equilibrium 
characteristic of one in contact with a plane surface of the solid; he calls Hue a 
narmtUy saturated solution, J, C, G. de Marignac, and J. H, Droese took care to 
have an excess of finely divided gypsum distributed throughout the liquid, but 
even then the results are rather high, because, although the soln, were in equilibrium 
with the solid, gypsum is a very soft mineral, easily ground to fine powder, and 
the soln, were not therefore in a state of normal saturation. G. A. Hulett found it 
necessary to remove all the fine particles before he could obtain normal saturation. 
If the powder bo not removed, equilibrium is not attained after five days’ stirring ; 
while if the stirring be too rapid, the abrasioh from the soft gypsum continually 
yields a fine powder, and a normally eat. soln, is never attained, G, A, Huiett 
and L, E. Allen’s determinations of His solubility of calcium sulphate in a state of 
normal saturation (here partly interpolated), and expressed in grams of calcium 
sulphate, Ga90 4 , per 100 gnus, of soln,, are; 


O" mf jkf 40° 60° eo* 

Gnu. of C&SOi 0-17*9 01928 0 2000 0-2097 0 2038 019&6 

SoHdptofe Cft0O 4 .2H,O t 


00° 100" 
0-1SG2 0-1619 


OaSO* 


The early workers found a change in the direction of the solubility curve, and the 
results of J. 0. G, de^Marignae and J. H. Dioeze give 38 D as the temp, of maximum 
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BolubiliV 5 while those of G. A. Hulett and L. E. Men give 40° as the temp- of 
greatest cone. The cone, of the normally sat. soln, thus increases as the temp, 
rises up to 40°, and subsequently decreases, being nearly the same at 90° as it is 
at 0°; and at 107° it has decreased 12 per cent. more. There is no abrupt break 
in the curve at 40°. The uniformity of the vap. press, curves of gypsum excludes 
the idea of explaining the change at 40° by assuming the appearance of a new 
phase ; thermodynamics connects the change at 40° with the change in the sign 
of the heat of aoln., and this is supported by M + Berthelot’s observations on the 
heat of precipitation of the dihydrate above and below 40°. The downward course 
of the curve above 40° is explained by W* A. Davis as follows: The crystallo¬ 
graphic character of the solid phase in the solubility determinations has not been 
investigated, and, therefore, it is not certain if the two branches of the curve 
really correspond with the same form of the dihydrate. By analogy with F t Mvlius 
and J. von Wrochem’a work on the calcium chromates, the two branches of the 
gypsum curve may belong to a- and /9-forms of the d [hydrate, a transition of one 
form into the other occurring at 38° ; for the solubility of a-CaCr0 4 .2H 2 0 decreases 
with temp, while that of the /3-form increases. Moreover, the formation of a 
mono- or he mi-hydrate is not excluded; it is certain that a form of the hemi- 
hydrate can be produced from gypsum at 100°. G. A. Raupenstrauch represented 
the solubility of gypsum, S f at 6° between 0* and 38° by the expression; A'=0'1771 
'H)'OOl87lfi2(S~0 , 8)“O , OO0O24709G(d—0 8) a ; and between 38° and 100° by 
S =0’2117—0 ‘000192371 (0—38 '8) ^OO0OlOO(>U29{0-33-8)2. 

B. Guillon, and W. A. Tildcn and W. A. Sbenstone found a solubility of 0 049 
at 151'2 Q ; 0 031 at 169‘6° ; 0 027 at 180° ; 0*016 at 220 4° ; and 0 018 at 245°— 
the last result is probably a little too large. There are also A. C. Melcher's deter¬ 
minations of the so-called soluble anhydrite as an unstable phase. Expressing the 
results in millimols per litre : 


Gypsum 

IG'IW 

50° 

J4'47 

mo* 

9'J3 

1 

m b 

Soluble anhydrite . 



900 

2-29 

— 

Anhydrite 


— 

4-G2 

1-22 

0-20 


The combined results of G. A. Hulett and L. E, Allen on gypsum, and of B. ftuillon 
on the solubility of soluble anhydrite, are shown graphically in Fig, 41. Anhydrite 
is the stable solid phase above 60°, and 
its solubility decreases rapidly with rising 
temp., and at 218° its value is one-fortieth 
that of gypsum at 18° * the solubility curve 
of soluble anhydrite cuts that of gypsum 
at about 97°, whereas J, H. van’t Hoffs 
vap. press, measurements place the transi¬ 
tion temp, of these two forme at 93°, 

The plotting of J. C, G, de Marignac's 
solubilities furnishes two curves which inter¬ 
sect at the maximum, at 38°. W, A. Davis 
has shown that when J. C, G. de Morignoc's 
and G. A. Hulett and L, E, Allen's solubility 
data are plotted on the same chart, and the 
two limbs of the latter a curve be extended, 
they intersectf on J t C. G. de Marignac’s curve at 33°. W. A. Davis believes that 
the differences in the two sets of results are due to differences in the nature of the 
gypsum used, and to the presence in the gypsum of impurities modifying the 
changes in dimorphous gypsum. 

According to G. Hulett and L. K Allen, the ratio of the solubility of soluble 
anhydrite to that of ordinary anhydrite is almost the same at 100° as at I56 6 , 
namely, 2*48 at 100° and 2 t 37 at 156°. This, said A. C. Melcher, agrees with the 
assumption that soluble anhydrite is really another form of the anhydrite, and not 



Fio. 41.—Solubility of Calcium Sulphate 
in Water 
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a hydrate. From tho relation d log [SJS^lQ/Rl^dT, it follows that when the 
ratio of the solubilities Si: S z is constant, the heat ot transition Q is zero, and 
this is not so likely to bo the case for the transition ot an anhydride into a hydrate, 
aa for the transition ot one torn ot a given substance into another* 

According to A, Goldammer, the solubilities of different varieties of dihydrated 
calcium sulphate in water—grams of salt in 100 gnus. of water—are: 



G* 

V? 

3fl B 

375* 

4&* 

M 0 

BQf* 

iocc 

Precipitated 

. 0178 

0-201 

0-210 

0-219 

0-211 

0-207 

0180 

0180 

Native 

. Ol79 

0-201 

0210 

0-213 

0211 

0-300 

0187 

0180 

Powdered sdemte 

. 0-174 

0-303 

0213 

0-210 

0 213 

0-207 

0-187 

0180 


These numbers are in close agreement, as should he the case if the soln. were in 
equilibrium* Other determinations of the solubility have been made by F. Kohl- 
rausch and F* Roland A. F. Hollemann, but here again the results are too high, 
possibly owing to G. A. Hulettfs effect. J. F. McCaleb measured the ratio of dis¬ 
solution of anhydrite and gypsum in water by exposing C~9 sq, cms. of surface to 
4 litres of distilled water contained in tall jars at 20°, and found pink micaceous 
gypsum lost 0 2219 grm* under similar conditions ; honey-yellow selenite, 0'1177 
grm, ; and grey massive anhydrite, O'OOGfl grim Similarly : 


Gypsum, white m&uaivn 
Selenite, honey-yelLow 
Anhydrite, grey massive 


First Sffiond 

♦ 0'2210 04038 

, O’l 177 0-202 J 

, 0 0«flfl 0 0999 


Third Fnnrtli 

00788 O'ULfiS 

0-3250 0'4170 

0 J JJ>14 0-J881 


FlftJi weok, 
0‘8708 gnu. 
0-4893 „ 
0-2398 „ 


According to F, Rinne, the rate of aoln, of the faces of a crystal of gypsum is not 
the same in different directions, although G, A. Hulett found that no change in 
form occurs when a crystal of gypsum stands a long time in contact with a sat. 
soln, of calcium sulphate. 

Strontium sulphate is sparingly soluble in cold or hot water. According to 
T, C. Hope,* a litre of boiling water dissolves 0'2GG gran. R. Brandes reported 
that a litre of water dissolves Q0G65 gnu. of strontium sulphate at 11°, and 
0'282 grm. at 100°; R. Frescnina, 0145 grm, at 14°, and 0104 grm, at 100 s ; 
J, C. G. de Marignac, O'154 to M67 at ordinary temp.; P, Kreineru, 0*187 grm*; 

T. Andrews, 0278 grm.; and P. Schweitzer, 0 0970 to O'133 grm* F, Kohlrausch 
found 01133 grm. per litre at 2'85°; 0 X135 grm. per litre at 10'18 & ; 0‘1143 
grm. per litre at 18°, and also at 32 26° for natural and artificial strontium sulphate ; 
and he reported that a litre of water at 2'85° dissolves 01133 grm, of strontium 
sulphate ; at 17 4°, 01143 grm,; and at 32 3 s , 0*1143 grm. 3. Wolfmannffound 
for 100 grms, of water the solubility : 

Q*-&* M* S0 B SO* SO 6 fcV-flS* 

SrSO, , . 0-0983 0 0994 0 2 479 0 1000 01829 OlfitiH 01727 0 1789 


F, C* Calvert reported that barium sulphate has a solubility of 00U125 grm. 
per litre; R. Fresenius gave 0 0025 grm, per litre of cold or hot 4 water; and, 
expressing the results in grams per 100 c.e. of w^ter, F, Kohlrausch obtained : 

0’77* 3-35 B IS* 30-:^ 34 fl 

BaSO t . . 0-000171 0000207 0-900230 00002U8 0000291 


A C, Mdcher found in milli-cq, per litre : » * 

18* 2&* 50“ i oo* 

BaSO* , * 0-0190 0 0212 0028S 003S4 

ft. Fresenius and E. Hints, W, Bottger, Z, Karaoglauoff, A* F. HoHemann, and 
F. W. Kusfcer have also made observations on this subject, *G. A* Hulett obtained 
similar results with respect to the solubility of barium sulphate of different size of 
grain as those he obtained with solubility of calcium sulphate. For particles of 
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a grain sire not under 0'0Q19 inm. diam,, the solubility is 2 39 millimols per litre; 
and for particles below G'OOOl mm, diameter, 415 millimole per litre—vwie X. 10, 1. 

H. Rose 8 reported that cold hydrochloric add dissolves a little calcium sulphate, 
but boiling dil* acid dissolves much more. The solubility at 25° and at 102° has 
been determined by 6, Lunge, Expressing the results in grams of HC1 and of 
CaSO^ per 100 c.c, of soln.: 


Grrni. HCI 

Grins. OSO. 


a i 2 a * e a 

0208 0-72 P03 l 25 142 1'0G 1*74 

0160 128 228 220 304 425 — 


This shows the solubility increases with the increasing cone, of acid and with 
temp. C, R. Frcscnius found a litre of cold 8 5 per cent, hydrochloric acid dissolved 
2’11 grms, of strontium sulphate, and a litre of cold 4'8 per cent, nitric acid dissolved 
2 31 grms. According to H. Bose, cold hydrochloric or nitric acid does not dissolve 
appreciable quantities of heavy spar, or artificial barium sulphate after many days' 
contact; the boiling acids, however, do attack barium sulphate, so that the filtered 
liquid gives a precipitate with both barium chloride and sulphuric acid ■ and 
R. Piria and & Sieglc also found that by washing precipitated barium sulphate 
with diL hydrochloric or nitric acid, a similar result is obtained. F. C. Calvert, 
G. S. Fraps, E, C. Nicholson and D. S. Price, H. M. Noad, and C + Gutkowsky have 
made observations on this subject. Expressing the results in grams per 100 e.c., 
it follows that; 

Hj'drucLJnric Acid _ ftitrlc Acid _ 

fsaT 3fi6 7’iW 3J5 621 1221 3122 ' 

BaSO* - , . 00067 02080 00101 0 0070 00107 00170 02241 

The solubility of barium sulphate in hydrochloric acid has been measured by 
W* Ostwald, by E. T. Allen and J. Johnston, and by J, M, Kolthoff and E, H, Voge- 
lenaaug. Expressing the results in milligrams per litre of acid, at 20°: 

N-HC1 . 0203 0016 008 046 02 0 5 10 15 20 5'0 

BaSO* , . 22 42 0*4 111 342 07* 84* 103 101 80* 

Those marked with an asterisk are by W. Ostwald, the others arc by E. T. Allen 
and J. Johnston. For strontium and barium sulphates, W. Ostwald found: 

_Brg » 4 _CiSQ*_ 

N-HCl t fi 02 12 2 0 50 01 0 5 ID 20 

Mgrm. . 3'25 220 1'72 020 029 2206 1575 H'51 7*61 

A. Gawalowsky found barium sulphate to be soluble in cAiorwte water. A. R* Haslam 
founi that 100 c.c, of 40 per cent, hydrobrantic acid dissolve 0 04 grm* of harium 
sulphate \ and the same amount of 40 per cent, hydriodic acid dissolve O'OOIG gim. 

The solubility of gypsum in nitric add at 25° is also raised much as it is with 
hydrochloric acid; but the increase in solubility is not so great with chloroacetic 
add and with formic add. W. Oet wald’s values for nitric, monochloroacetic, and 
formic acids are shown in Table VL 0, Asohan found that 100 c.c, of a sat. soln. 


TabipH VI,—Solubilities of tjik Alkaline Earth Sulbhatji£3 in Nitric, 
Monochloroacetic, ano 1 h 'ormic Acids. 




Nitric avid. 


HonodUffroiLcetJc. 

formic 


- . 

■ - - 

-.*. 


'I 



EasS*. 

StS0 4 . 

CdSO*. 

StSO^i 

OiSOj. 

SrtiO,. 

5 

0048 

073 

,_ 



— 

2 

0'0S4 

1-46 

927 

— 

— 

— 

1 

0106 

2 01 

IS'OO 

0*101 

041 

0*080 

0-5 

0137 

2*44 

2027 

0*138 

017 

— 

O'l 

— 

3*22 

2320 


7 __ 



031 




W; 


ikob«4»W AA® ® 


I Wffjt ham too w w ZF m " kl 

ijftrZuiMX* Ik hamdd’s d$t»hr i&ete aadsszpuaedaagm, 

te sofa* f** 3®**?' ^ *° Ji * ^ extent indicated. tie 

t * w, WQric add h IU6r * CJ dissolves barium sulphate mow readily than 
i ™ 'Witt the adds of lower cone,, the solvent action is nearly 

T ™m^us found a litre of 15'6 per cent. acetic ad# dissolves 01275 
per cent, af strontium sulphate; and E. Siegle noted that barium sulphate is 
lew soluble m this acid than in nitric or hydrochloric acid- 

According to H. Endemann, calcium sulphate is more readily soluble in dil. 
sulphuric flew than in water. H. Struve found 100 parts of sulphuric add of 
sp. gr. T82 dissolved 2 parts of calcium sulphate, and 100 parts of fuming sulphuric 
acid, 1017 parts of the same salt. Li&s Bodart and E. Jacquemin observed that 


Table VII—Solosiutixs of Ualcium, Strontium, and Barium Sulphates in 
Dilute Actios. 



Hydrochloric add. 

Nitric add 


XonochlaroucetJc, 

Formic add, 

Cowl 











d( tdd. 

BaSO* 

SrSfy, 

OrtSO*. 

l&SOj. 

SrtJtV 

CaSO* 

SjS0 4 . 

CaSDi, 

SrS<y 

CaSO t< 

SN- 

0-0 J 7 

0-25 


0 048 

073 
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0055 

0915 
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0084 
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927 

— 

— 

— 

■— 

N- 

0088 

J '72 

11-51 

0105 

2 01 

1300 

0404 

041 

o-oso 

0-31 

0-6 N- 

0430 

2-20 

1575 

0437 

244 

20 37 

0-133 

on 

— 

— 

G4JV- 


3-25 

22% 


3 22 

2338 

— 

— 

— 
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100 parts of cone, sulphuric acid dissolved 2'5 parts of calcium sulphate, and 
the soln. on standing became turbid. F, K. Cameron and J. F. Breascalc give 
the following data, where the numbers represent the number of grams of H a 80 4 
or CaS0 4 per litre of soln.: 

Gnus, H t SO< . 0 00 0 48 487 48-fi7 75-00 37 35 141501 202-01! 

(25° . 2120 2 138 2 144 2 737 3 841 2 770 2571 1-54 J 

GmutCaSOJaS* . — 2 209 2451 3 337 — 3 000 3450 - 

(43* . 3445 2-230 2450 3 043 4 14C - 4430 2401 

There is thus a maximum in the solubility curve at 25° somewhere near soln. with 
75 gnus. H a S0 4 per litre, and 2 84 grnis. 0aSO 4 jjcr litre; at 35°, with 85 gnus. 
HaS0 4 and 370 grms. CaS0 4 ; and at 43°, with 105 grins. H^SO* and 4'2G gnus. 
CaS0 4 . The sp. gr. of the soln. were measured, and F. K, Cameron- and 
J. F, Ereaaeaie inferred that there is a condensation not alone of the soln., but of 
the solvent itself. For example, at 25°, a litre of the soln. containing 0 49 grm. 
of sulphuric acid, and 2128 grms. of calcium sulphate, weighs 1002'493 grms,, 
while the weight of an equal vol. of water is 99772 grms. It is stated that the 
results are not satisfactorily explained by the ionization theory, although it is 
possible that complex ions of the type Ca(S0 4 )s" or HCa(S0 4 V aw formed; but 
an examination of the solid phases, and the determination of the aridity of the 
soln. before and after adding calcium sulphate‘gave no information on this point. 
H. Ends maun, however, found that by keeping the time and temp, constant the 
amount of glucose produced by heating dextrine with dil, sulphuric acid is dependent 
on the oono. of the acid. He found that with a given cone, of sulphuric acid, 
sufficient glucose was produced to reduce 0'22G grm. of copper; and by adding 
potassium sulphate to the acid soln. the glucose reduced 0768 grm. of copper; 
and with an eq. amount of calcium sulphate 0780 grm. of copper. It was therefore 
inferred that some of the sulphuric acid united chemically with the salt, which 
prevented it reacting with the dextrine. It was also aesumedithat just aa potassium 
sulphate and sulphuric acid furnish potassium hydroeuhh&te, KH90 4 , so do 
calcium sulphate and sulphuric acid give a calcium hydrosulphate, 
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According to J. J* Berzelius, if anhydrous calcium sulphate be digested with 
hot sulphuric acid, Ostium hjdrodisulpliAta, GafESO^j, crystallizes out on coding; 
and too colourless, transparent, prismatic Crystals can be dried on porous tiles, 
They'are decomposed into calcium sulphate and free sulphuric acid when exposed 
to moist air, or when treated with water* According to C* SchuJte, anhydrous 
calcium sulphate separates from a boiling soln* of calcium sulphate in cone, sulphuric 
acid; calcium hydioaulphate, CafHSOJa, separates from the soln, at 100*; and 
calcium hydrotetrasulphate, CaSO^SHgSO*, at ordinary temp. If a soln. of one 
part of calcium sulphate in 10 parts of sulphuric acid he evaporated, a crop of 
crystals of anhydrite is produced; and if the soln. be cooled, prismatic crystals of 
GaSOi.SHaSO* are formed. They melt to a mush at 100°. T. Gareide also obtained 
or^tals of the acid sulphate from a sulphuric acid soln. of calcium sulphate* In 
addition to these two acid sulphates, H. A. G. Willoughby obtained calcium 
hydrotrisulpllftte* 2CaS0 4 .H 3 SG 4 , in coarse irregular rhombic plates. F* Borgina 
made some inaccurate measurements of the solubility of calcium sulphate in 
sulphuric acid owing to his soln. not being in equilibrium with the solid phases. 
J. Kendall and A, W. Davidson found the f.p. of soln. of calcium sulphate in sulphuric 
acid to be : 


Per cent. CaSO, * . 0 0 1’99 400 

F.p. (stable form) * 104 72 2 2 

F.p. (unstable form) . — — —■ 


4 r 84 

101 4f»4 Gfi'I 

13<G 3fr7 40-4 


Solid phases 


H.SO* 


CflB0 4 ,3H a u 


Soln* with over 8 molar per cent. CaS0 4 deposited, crystals when warmed. The 
curves, Fig* 42, illustrate the results obtained* 

T. C* Hope reported that strontium sulphate is soluble in cone, sulphuric acid, 
and is re-precipitated by water. Similar observations were made by M. H. Klaproth, 
G* Moretti, etc. T, Andrews reported that water acidu¬ 
lated with sulphuric acid dissolves leas strontium 
sulphate than does water alone ; and, according to 
R. Fiesenius, a litre of such a liquid dissolves 83 to 91 
mgrms. of strontium sulphate. Working at ordinary 
temp,, Libs Bodart and E. Jacquemin reported that 
strontium sulphate dissolves in sulphuric acid less 
readily than barium sulphate, and that 100 grins. of 
cone, sulphuric acid dissolve 22 grms* of strontium 
sulphate; H, Struve, that 100 grms, of the none* acid 
dissolve 5 58 grms. of strontium sulphate, and 100 gnus, 
of the fuming acid, 977 grms.; E. Varenno and 
M. Pauleau, that 100 guns, of 91 per cent, sulphuric acid 
dissolve 0 08 grni* of strontium sulphate* F. Sergius 
found that absolute sulphuric acid dissolves 217 grms* 
of strontium sulphate per 100 c.c. of sat. soln., and the solid phase is SrS0 4 .14H B 80 4 . 
T, Garside found that 100 gnus, of sulphuric acid, sp. gr, 1'843, at 70°, dissolve 
14 grms. of sitrontium sulphate, and that on raising the temp, the soln. deposits cubic 
and octahedral crystals, while if thfc soln. at 70° be cooled tabular crystals appear* 
C, Schulte found boiling sulphuric acid dissolves 15 per cent, of strontium sulphate; 
no salt separates on cooling, and on dilution crystalline strontium sulphate is 
obtained* the warm soln. be digested with an excess of strontium sulphate, or 
if potassium sulphate be dissolved in it, granular crystals of strontium hydro- 
sulphate, Sr(H80 4 ) B , were produced which formed plates of the hydrated salt, 
SrtHSO^.HaO, by exposure to moist air* 

According to E* Varenne and M* Pauleau, 100 grms. of 91 per cent, sulphuric 
acid dissolve 0 0317 §rm* of barium sulphate precipitated from the chloride, or 
Q'0658 grm. precipitated from the nitrate—the difference is attributed to the 
presence of adsorbed nitrate forming nitric acid. Working ordinary temp*. 
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Life Rodart and E. Jacqnemin found JOG parts of cone, sulphuric acid dissolve 
3 Sparta of barium sulphate, H. Struve, a*id C, C. Meet measured the solubility 
of barium sulphate in sulphuric acid, and found 100 parte of an acid, sp. gr. 1'32, 
dissolve fi'6 parte of barium sulphate, and an acid, sp, gr. l*90 t dissolve 15'S9 parte 
of the same sift, Z. Karaogknofi also made o feer vations on this su b/ect. T. Garside 
found that when 14 parts of barium sulphate are added to 100 parts of sulphuric 
acid, sp. gr 1843, and the mixture stirred, a nearly clear soln, is obtained; when 
this is heated to 100°, needle-shaped crystals separate which do not redi&solve in 
the cold acid; when the temp, is raised to 170 s , the needle-shaped crystals are 
replaced by others of a prismatic shape which increase in quantity as the temp, 
is raised. At the b.p., the acid still retains in soln. 8'5 to 9 0 parts of the salt. 

According to J. J. Berzelius, barium sulphate, or, according to Life BodUrt 
and E. Jacquemin, barium oxide, borate, phosphate, chloride, etc,, dissolve in cone, 
sulphuric acid, forming a soln. which furnishes acicular crystals of the acid sulphate, 
barium hydrosulphate, BafHSO^g. J. J. Berzelius prepared barium hydrosul¬ 
phate, BafHSQdj, by allowing barium sulphate to stand for some days in contact 
with warm cone, sulphuric acid when small crystals of the hydrosulphate separated 
out, and prismatic crystals wore formed as the soln. cooled. C. Schultz digested a 
soln.* sat. at 100 th , with a not too large excess of barium sulphate, until the separa¬ 
tion of crystals of the hydrosulphate began. The eoln. then contained less barium 
sulphate than the original soln, sat. at l(X) e . The crystals melt over 100° with partial 
decomposition. According to Life Bodart and E, Jacquemin, they are decom¬ 
posed by water, alcohol, or ether; and, according to J. J* Berzelius, and C, Schultz, 
they form a soln. in moist air from which acicular crystals of the dihydrated hydro- 
sulphate, Ba(HS0 4 )a,3KjO, separate. In J, D, Barter’s study lie obtained evidence 
of the existence of 3BaO H 8SOk.7H a Q, and 4Ba0.5SG).GH 2 O t J, Kendall and 
A. W. Davidson obtained crystals of barium hydrotetrasulphate, BaSO 4 .3H £ 30 4 , 
and found the f.p. of soln. of barium sulphate in sulphuric acid to be : 

Per cant. BaSO* . 0 0 242 friti 0 70 0 70 7 30 

. . 104 00 -32 -7-3 0-7 12i 23i) 

^ - --^ \— ,_— 

Solid iiimc n s ao 4 jjaSO* m^o 4 

Soln. containing more than 7 molar per cent, of barium sulphate deposited crystals 
on heating, which redissolvcd on cooling. The results are plotted in Fig. 42. 

According to P. P. von Weimam, the solubility of barium sulphate in sulphuric 
acid, when the amounts of H 2 S0 4 are expressed in grams per 100 grin*, of solvent, 
and the BaS0 4 in grams per 100 c,c. of solvent, at 20'\ is; 

H a SO* . 73'83 7804 8310 85'7« 88 08 !>li 17 Eifl-40 

BaSG* , 01)030 00135 00800 . 03JJJ5 imD 4 9085 18 0900 

Solid pfcun BftSOt.H;,SO t JSnisO^HjSO, H a O UiS0 4 . 

E, Yolchonsky reported that, at ordinary temp., the solid phase of soln, containing 
87*36 per cent, and 9248 per cent, sulphuric acid respectively has the composition 
in each ease, BaSfYfHgSO^.HgO, but at 93° the solid phase at the lower cone, 
consists of 94'94 per cent. BsS0 4 , that of the higher cone, consists of 6816 per cent, 
BaSQ 4 and 31*26 per cent. H 2 S0 4i the salt being anhydrous and crystallizing in 
needles. As the temp, rises so the solubility of the compound, BaS0 4 .(H i; SO 4 ) £ ji a 0 J 
increases, whilst that of the salt, BaSO*ALSO, decreases. The curve for the three 
solid phases, BaS0 4 ; BaS0 4 .H 2 S0 4 ; BaS0 4 ,(H 2 S0 4 ) s JI £ D, is given. The temp, of 
decomposition of the last salt is about 53 a , and its transformation into BaS0 4 .H 3 S0 4 
and into BaS0 4 are both endothermic reactions. The compound BaS0 4 ,H s S0 4l 
deompoees at about 158 D -160°, and its transformation into BuS0 4 is also an endo¬ 
thermic reaction. According to E. Bergius* 100 c.c. of a sat. seln, of barium sulphate 
in absolute sulphuric acid contain 28 51 grams of barium sulphate with the solid 
phase BsfiOi.SOHjSO*, but the results are inaccurate* since the soln. were not 
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in equilibrium with the solid phase. E, H. Riceenfeld and IL Feld electrolyzed a 
soln. of banum sulphate in 90 per cent, sulphuric acid, and showed that the so-called 
acid sulphate is really a complex acid, H 2 [Ba{S(> 4 ) s ]; and, added J. Meyer and 
W, Friedrich, 100 c,e, of 97 l 86 per cent, sulphuric acid at 25° dissolves 14'91 
gTms. of barium sulphate as barium hydrodisulphate, or hydrobariosulphuric acid, 
or hydroswlphatobaric acid, H^BafSOJa- By electrolysis, the complex accumulates 
in the anode compartment and can be crystallized from the anode liquor. 

W, C, TabeT found that the solubility of calcium sulphate is increased by phos¬ 
phoric arid, hut tho curve has a maximum; at 25°, this is attained when the cone, 
of tho phosphoric acid is 230 grins, per litre, and this soln, dissolves 8 grma. of 
calcium sulphate por litre. The sp. gr. of tho soln. were also measured, T, ScheeTcr 
found barium sulphate is soluble in soln. of the alkali phosphates owing to the 
formation of some soluble barium phosphate. A. Beyer also measured the effect 
of carbonic arid on the solubility of calcium sulphate, and found 100 parts of water 
sat, with carbon dioxide dissolve 0 466 grm. of this salt. According to R Caries, 
natural watera may contain both barium hydrocarbonate, Ba(HC0 3 ) 2l and alkali 
sulphates in soln,, and ho therefore infers that alkali carbonales can dissolve barium 
sulphate in tho presence of carbonic acid. J. Davy found very little difference 
between the solubility of dihydrated calcium sulphate in water sat, with carbon 
dioxide under press., and in water alone. 

In general, the solubility of calcium sulphate in water is augmented if a salt 
with no common ion is present, and decreased by the addition of a salt with a 
common ion. According to F. Margueritte, 4 if a soln. of gypsum be mixed with 
ammonium, potassium, or sodium nitrate or chloride, the calcium sulphate is alone 
precipitated when alcohol is added. Tho presence of sodium chloride augments the 
solubility of calcium sulphate, so that, according to J. B. Trommsdorff, calcium 
sulphate is not precipitated by sulphuric acid Irom a soln, containing sodium 
chloride. N. A, Orloff found a 20 per cent. soln. of sodium chloride dissolved 
twice as much calcium sulphate as a l per cent, soln, M, M, P. Muir investigated the 
equilibrium of aq. soln. of alkali chlorides and calcium sulphate. Measurements 
of the solubility of calcium sulphate in aq. soln, of sodium chloride have been 
mode by H, W, F, Wackenroder, J. H. Drocze, G. Lunge, F, K, Cameron mid 
B. E. Brown, C r does, J, B. Trommsdorff, and A. d'Anselme, According to 
W. A, Tilden and W. A, Shenstonc, 100 c,c. of a p per cent, soln. of sodium 
chloride dissolves the following amounts of calcium sulphate at tho temp, stated : 



30 s 

44* 

ey 

By 

101" 

ISO* 

16D" 

SSu' 1 

Per cent. NaCl 

, 19-90 

10 03 

10*05 

19-00 

20 08 

19 02 

20 05 

21*00 

Grmri, CaS0 4 

, 0*23 

0*«30 

0-832 

0-823 

0-082 

0-392 

0 244 

0178 

F. K. Cameron gives fof the solubility, at 23°, in grams per 

litre: 



Grins, NaCl . 

. 0 90 

10*40 

4017 

75 58 

129-50 

107 20 

220*70 

315*55 

Grma, CnS0 4 

, 2*37 

3 54 

5-04 

0-74 

7-50 

7-25 

703 

5-37 


The lastenampd soln, was in contact with both gypsum and sodium chloride in the 
eolid phase. The solubility of calcium sulphate in soln, of sodium chloride follows 
the same general law in showing a maximum point as in aq. soln. for temp, up to 
37 5°, above that temp, the existence of a maximum has not been established. 
Sp. gr, measurements show that there is a condensation of water as a solvent when 
gypsum and stfdium ohloride are together brought into soln. G. Arth and M. Cretien 
stated that when calcium sulphate is dissolved in soln. of sodium chloride at temp, 
below 62'5 C to 65*0°, the soln. apparently contain more lime than is eq. to the 
sulphuric acid present, and at higher temp, the reverse is the case. If this be 
correct, it follows that below r 62* there is a marked hydrolysis of calcium sulphate 
in the presence of soln! of sodium chloride ; more lime than sulphuric acid posses 
into soln., and at a higher temp., a new solid phase separates, containing relatively 
more sulphuric acidJthftn is required by tho formula CaSO*. F* K. Cameron has 
von, nt. f 3 E 
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ffowii tM & Ar$ mf & CWtfcn:? m?$<xf of smffffi wmpwhi//dehiiy^ 
for ho could find no appreciable hydrolysis of calcium sulphate; nor, within a temp' 
range of 25° to upwards of 80®, could he detect a double salt in soln. of any cone, 
of sodium chloride, F, K. Cameron and A. Seidell found that the solubility of 
gypsum in &oln. containing up to 9 per cent, of sodium chloride, is hut little affected 
by the presence of solid calcium carbonate, but beyond this cone., the solubility is 
considerably diminished, so that with soln, with. 140 grms, of sodium chloride per 
litre, the maximum solubility attains 7 + 5 grins, of gypsum per litre, and in the 
presence of calcium carbonate this solubility becomes 50 grms, per litre, and 
attains a maximum of 6 l 35 grms. per litre in soln. containing 80-90 grins, of sodium 
chloride per litre—with water alone, the maximum solubility is 2T grms per litre. 
A. Manuelli measured the solubility of gypsum in am-watcr from the Adnatio and 
in various mixtures of it with distilled water. The results show that an approxi¬ 
mately fixed proj>ortiou of calcium nulphate is dissolved by sea-water and its aq, 
soln, containing 12-37 part# of saline residue per 1000. The constancy of the 
relations is attributed to the enormous extent to which river waters are diluted 
in the whole mass of sea-water, and not to the attainment of a state of saturation 
with respect to certain salts. H. Ehlert found 5 and 10 per cent, and sat, soln. 
of sodium chloride dissolved respectively 0*07005, 00934, and 0'22183 grin. of 
barium sulphate per litre of solvent. 

A. Ditto found the solubility of calcium sulphate in aq. soln. of potassium chloride, 
potassium bromide, and potassium iodide to be respectively 7'5, 7 3, and 6*00 gnus, 
of CaSO* in soln, with respectively 125, 200, and 250 grms, of the potassium salt 
per litre. He added that double salts were formed with respectively 125, 250, 
and 300 grms. of the potassium salt per litre. According to H, W. F. Wackenroder, 
strontium sulphate dissolves slowly and completely in a soln, of sodium chloride, 
while barium sulphate under similar conditions is not appreciably attached. The 
last statement is also confirmed by R. H. Brett, and G, C. AVittstein. The strontium 
Salt is precipitated from it# soln. in sodium chloride by the addition of sulphuric 
acid, A. Virck found the solubility of strontium sulphate in aq. soln. of potassium 
and sodium chlorides to be: 

Sodium rtiioriilc. VotMtiium chloridn, 


Grms, salt in J00 grain, eoln, . . ft - 44 J5 + 64 22 - 17 8"22 12 54 18 08 

Gmifl, SrSO t in 100 grms. solvent ♦ 0105 0 210 0081 (H93 0193 0 251 


J. Wolfmann has studied the solubility of strontium sulphate in aq. soln. of the 
alkali chlorides. R. Fre&cnius also found that the solubility of barium sulphate 
lb not appreciably affected by the alkali chlorides or potassium chlorite soln. 

The solubility of calcium sulphate is decreased in the presence of at fciwm chloride. 
Expressing the results in grams per litre, F. K, Cameron and A. Seidell found 
at 25*: 

Cad, - ■ o 7-489 11-909 25770 97033 192705 280303 367 &B0 

CaSO* . . 2056 1244 MSI 1096 0-641 OMHft 0203 0032 

The solubility of gypsum thus decreases very*rapidly as the cone, of the calcium 
chloride increases; when the cone, of the latter salt has attained 20 grms. per litre 
the solubility of the calcium sulphate decreases slowly until, by extrapolation, 
when the cone, has attained 375 grms, CaCI 3 per litre, practically no sulphate would 
be dissolved. The solubility of calcium sulphate in solm of the chloride has also 
been measured by K A. Orlofi, F. K. Cameron and B, B. Brown, and by W, A. Tilden 
and W. A. Shenstone. The latter worked at temp, ranging from 15* to 195°. 
A. Virck found that aq. soln. of 8'67, 61*51, and 33'70 grms. of calcium chloride 
per 100 c.c. dissolved respectively 0’I7G, 0185, and 0T71 grin, of strontium sulphate 
per 100 grms. of solvent. J* Wolfmann measured the solubility of the salt in soln. 
of the nitrates of the alkaline earths. 

F. K. Cameron and A. Seidell measured the solubility of calcium sulphate in 
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win. of ttwijflesium chloride at 36°, and, expressing tlic results in grama per litre, 
found: 

Mgd* . . 0 850J 13*175 4D'fl40 121381 205&85 330*985 441728 

CaSO* . * 24)82 4-258 54S92 7588 84122 U*fi«7 2774 1*385 

There is thus a well-defined maximum in the solubility curve attaining 8 8 grms. of 
calcium sulphate per litre in soln. with about 105 grms. of magnesium chloride per 
litre. This soln. therefore contains four times as much calcium sulphate as a sat. 
soln. of this salt alone. Beyond the maximum, the solubility of calcium sulphate 
decreases quite rapidly as the cone* of the magnesium chloride increases, until, in 
a soln. containing 370 grins, per litre, the solubility of gypsum is the same as in 
wat&r alone. Other determinations of the solubility of calcium sulphate in soln. 
of magnesium chloride have been made by F, K. Cameron and B, E, Brown, and by 
W. A. Tilden and W. A. Shenstone. A. Virck measured the solubility of strontium 
sulphate in aq. soln. containing 159, 4 05, and 13 + 63 grms, of magnesium chloride 
per 100 grms. of soln., and found 100 grms. of the solvent dissolved respectively 
0'199, 0 206, 0'242 grins, of strontium sulphate. The solubility of barium sulphite 
in aq. soln. of ferric chloride t aluminium chloride, m magnesium chloride was found 
by G, S. Fraps to decrease in the order named. The last-named salt exercises 
but a small influence on the solubility. His results expressed in grams of salt per 
100 c.c, of soln : 

Salt per 100 c.c, . . 01 0 25 0 5 10 2 5 5 0 10 0 

(PeCl, . . 0*0058 0 0072 0*0115 0*0122 04)150 0 0100 0*0170 

Grms, BaSO* Aia a . . 0-0033 0 0043 0 0000 0 0034 1)4)110 0 0170 0 0175 

| MgCI z , 0 0030 0-0030 00033 00033 00050 0 0050 00050 

The subject was aluo investigated by 11, Presenilis, P, Rohland, Z. Karaoglanoff, 
and by P. Jannasch and T, W. Richards. The latter attribute the effect with 
ferric chloride to the formation of a soluble double ferric barium sulphate, and add 
that in a soln. containing ferric chloride, “ an accurate determination of sulphuric 
acid by direct precipitation with barium chloride is not practicable.” F. W. Kiister 
found the presence of chromic chloride, CrClg, also augmented the solubility of barium 
sulphate, and E, White observed similar results with thorium chloride soln. Z. Karaog¬ 
lanoff measured the effect of lead nitrate on the solubility of barium sulphate. 
There is an interaction of the two salts, and the barium sulphate Increases in weight. 

The solubility of calcium sulphate in so In. of ammonium chloride of different 
cone, has been measured by R. Fassbender, 8. Cohn, A. Ditte, etc. W. A. Tilden 
and W, A. Shenstone measured the solubility in a soln, of ammonium chloride of 
fixed cone, at temp, between 8 D and 120°. Expressing the results in grams of 
the respective salts peT litre, F, K. Cameron and B. E. Brown found at 25° : 

KH^Cl > 13*8 4fl7 34-5 143*7 13841 210-0 275 0 375*3 

CaS0 4 . 3 ft 7 07 8 8 10 30 10*85 10*88 JOflO 7 '38 

The last-named soln. is sat. with respect to the two salts in the solid phase. The 
solubility of calcium sulphate thus^ncresaes with increasing cone, of ammonium 
chloride until 210 grms. per litre are present, when 109 grms. of calcium sulphate 
are dissolved; while a further increase in the cone, of the ammonium chloride 
decreases the solubility of the calcium sulphate until both salts are present as solid 
phases, R. Ht Brett reported strontium and barium sulphate to be insoluble in 
soln. of ammonium chloride, G-. G. Wittstein and H. W. F. Wackonroder made a 
similar observation with respect to barium sulphate ; but, according to 0. L. Erd¬ 
mann, 100 parts of a boiling soln. of ammonium chloride can dissolve O'000435 
part of barium sulphate, and, according to H. Ehlert, a litre of a 10 per cent, and * 
of a sat, soln. of ammonium chloride can dissolve O’ 15178 and 0'46117 grin, of barium * 
sulphate. 

A. Vogel, E. Fassbender, and J. H. Drocze have made some observations on 
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tie solubility of ciilcium sulphate in sob. of potassium or sodium nitrat*. Tim 
solubility of calcium sulphate in aq. sob. of *>*«* ™ «*"“ b T A - wulHI 

and J. G. Smith to increase steadily with increasing cone, until the sob contain^ 
300 grins, of the sodium salt per litre; and beyond tbs, the amount of sulphate 
dissolved decreased as the cone* of the nitrate increased. Expressing the result 
in grams per litre, At 25°; 


NaKTO, 

CaSOj 


0 

2-0 M 


25 

4 252 


DO 

5 500 


)00 

VIOO 


200 
8*7 f 10 


300 
0 2D2 


m 


fijfj 

7-^s 


The sp. gr. of the soln. were also determined. With jXfttrssivni nitrile likewise, tho 
solubility' of the calcium sulphate increased as the cone, of the nitrate increased 
until 200 grms, of the latter salt per litre were present: 


KUO- , ,0 12 5 25 50 i OO JCO 200 2Gfl 

CaSO, . - 2 084 3 2S4 4 080 5 255 fl'SSG 7 007 8 08S ~ 


So far the determination of lime or sulphate in soln, are in agreement, hut this is 
no longer the ease with more cone, soln. of the nitrate— c.g. with 200 grms. of KNQj 
per litre, the sulphate determination furnishes by calculation 6 278 grins, of CaSOj 
per litre, and the lime determination, 121 12 grms. of CaSt^, The discrepancy is 
due to double decomposition and the formation of a new solid phase of syngenite, 
Ca{KSGJ 2 .H 2 0. W, D, Harkins and H. M, Paine measured the effect of potassium 
nitrate on the solubility of calcium sulphate, J. Wolfmann measured the solubility 
of strontium sulphate in the presence of nitrates of the alkalies and alkaline earths, 
J, J. Berzelius, R, Presenilis, and M. Mittentzwey found that the solubility of barium 
sulphate is raised by the alkali nitrates, but is not perceptibly influenced by ’barium 
nitrate. M. Raffo and G. Rossi found that at room temp, 100 c,c, of sat, soln. of 
strontium sulphate with various proportions of calcium nitrate contained, in grms,: 


C^NO s ), . 0-5 J 2 3 4 5 0 

SrSOj * . . 0 0483 U 0610 0 1081 0J275 0 1430 1M00S 0-JDfifi 


H. Ehlert found a litre of a 10 per cent, and a sat. soln. of sodium nitrate dissolved 
Q'3S6G9 and 129B9 grms. of barium sulphate at IS 5 . H. J. Phillips found copper 
nitrate raises the solubility of barium sulphate, but copper chloride does net. The 
solubility of calcium sulphate is steadily depressed when increasing proportions of 
calcium nitrate arc added to the solvent. Thus, expressing the results in grams per 
litre, at 25°, A. Seidell and J. G, Smith found : 


Added salt 
CaSO* with 


0 

fCa(XO,) a 3-084 
LMg^Jt 2084 


25 

I 238 
5-772 


50 

im 
7 884 


100 HOO 400 5J4 544 

N34 (rail 0-500 — 0340 

0020 14000 14683 1&V40 — 


Z. Karaoglanoff measures the effects of edeium chloride and strontium chloride 
on the solubility of barium sulphate. A. Seidell and J. G. Smith found no sign of a 
maximum value in the solubility of calcium sulphate in soln. of magnesium rntratCi 
but the solubility of the sulphate increases with increasing proportions of the 
nitrate, and in a nearly sat. soln. of the nitrate, the solubility is nearly seven tunes 
as great as it is in pure water. The solubility of calcium sulphate in soln, of ammonium 
nitrate has been determined by R. Fassbender, J, H, Droeze, S, Cohn, and F. K. Gam- 
cron and B, E, Brown, Expressing the results in grams of salt per litre, at 25°, the 
latter find; ' 

NH,NO p . 10 65 150 300 550 750 1000 1400 Sat. 

CftS0 4 . 318 6 S0 8-88 10 80 12-02 12 20 U'8J 10 02 7 05 


showing that the solubility increases rapidly as the cone, of the ammonium salt 
increases, then gradually approaches a maximum as the code, attains 750 grms. of 
the ammonium salt per litre, when 12 02 grms. of calcium sulphate is dissolved. 
From this point, the solubility of calcium sulphate decreases with increasing cone. 
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of ammonium nitrate, until both salts exist $s solid phases. F. Kohland measured 
the solubility of barium sulphate in soln, of ammonium nitrate. 

Z. Karaoglanoff found that the solubility of barium sulphate in different electro¬ 
lytes isdetermijied by the onion and cation. The anion SO*" diminishes the solu¬ 
bility \ the NOfl'-ion increases it; and the Cl'-itm is indifferent. Of the J catiflns, 
Ba" decreases the solubility of barium sulphate, while K', Na 1 , Sr", Pb", Fo 1 ", 
and Hwona increase it; and Ca + -ions arc indifferent. The solubility of calcium 
sulphate in aq* solo. of ammonium sulphate, sodium sulphale t potassium sulphate t 
rubidium sulphate, and ccesium sulphate is discussed in connection with the double 
salts of these components. T, Andrews found strontium sulphate dissolves less 
readily in aq. soln, of sodium sulphate than in water* W. D, Harkins and 
H.*M, Paine, and J. M, Bell and W* C. Taber have measured the effect of cupric 
sulphate on the solubility of calcium sulphate, and, expressing the results in grama 
per litre, at 25the latter found : 

CuSO* , 1 144 0 048 14 814 29 543 40 382 07 060 100 021 224 910 

CaSO* . 2068 1944 1700 1088 1 744 I'Ml 2 070 2 088 

There is a decrease in the solubility of calcium sulphate with increasing proportions 
of cupric sulphate until a [minimiin of 1G88 grms. of calcium sulphate is obtained 
with 30 grin*, of cupric sulphate* This is in agreement with the general depression 
of tile solubility of a salt produced by the addition of a common ion. With a 
further addition of cupric sulphate, there is a sharp rise in the solubility of calcium 
Hulplintc, and this is followed by a slower rise as the proportion of copper sulphate 
increases until both salts are present as solid phases which occurs when the soln, 
has 2 08 gnus, of calcium su Ip Late and 224'9Lt> grins, of copper sulphate per litre 
The remainder of the curve would represent the solubility of cupric sulphate in 
soln. of calcium sulphate, and since the solubility of the latter is small, it will probably 
have but little effect on the solubility of cupric sulphate. This is in agreement 
with tins value 22'29 grms. per 100 gnus, of water found for tire solubility of cuprie 
sulphate iu water alone. The sp. gr. of the solm were also determined. II. von 
Euler found that at 17' a sat. soln. contained 2'31 grms, of calcium sulphate and 
7'235grms. of silver sulphate, and had asp, gr, of l'O083 ; at25 J , a sat. soln. contained 
2'til grms. of calcium sulphate, 811 grms. of silver sulphate, and had a sp. gr. of 
l'OlU. The solubility of calcium sulphate in soln. of magnesium sulphate has been 
investigated by R. I^aesbender, W. D* Harkins and H. M, Paine, J, H, Droese, 
E, E. Basch, and F. K. (Jameron and J, M, Bell. Impressing the results in grams 

per litre, the latter found at 2G & ; 

* 

MfrHOj . . i) (P38 1U-&4 2I3G U4\L4 128 28 14t)B7 3660 

C'fi80* , , 2-U4U, 1-507 F+71 1478 1808 1027 1697 0601 

There is a minimum in the curve with soln. having approximately 13 griua* of 
magnesium sulphate and 1'1G grms, of calcium sulphate per litre ; from this point, 
the solubility gradually increases with increasing amounts of magnesium sulphate 
to a maximum with about 105 grms* of magnesium sulphate, and 1G4 grms, of 
calcium sulphate per litre ; from J;his point, the solubility decreases again until 
the soln. is sat, with both salts, which occurs with a cone, of 355 grins, of magnesium 
sulphate, and 0 50 gnu. of calcium sulphate per litre. The sp. gr* of the soln* were 
also measured. C, Diehl, and F. Field found calcium sulphate to be readily soluble 
in a oold gak soln* of sodium thiosulphate t and more rapidly when heated. The 
former assumes that the two salts in soln. react producing a double salt. He 
reported strontium sulphate to bo insoluble in a soln. of sodium thiosulphate, 
R* Fresenius, and T* Sabser reported barium sulphate to be distinctly soluble in a 
soln. of sodium thiosulphate. L. Dobbin has also emphasised the fact that the 
presence of thiosulphate greatly retards or entirely prevents the precipitation of 
barium sulphate* Dil* hydrochloric or nitric acid also dissolves appreciable amounts 
of barium sulphate in the presence of sodium thiosulphate* Several analytical 
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processes have been devised which are stultified owing to the solubility of barium 
sulphate in this menstruum, H. de SSnarmont found the solubility of barium 
sulphate is not appreciable in sob. of sodium sulpWe at 25G D . 

J. W* Marden measured the solubilities of barium, strontium, and calcium 
sulphate in sob. of ammonium acetate, and expressing the cone, of the ammonium 
acetate sob, in grams of salt per 100 grms, of sob., and that of the sulphate in grams 
per 100 grms. of sob., at 25 c , found: 


Amin, acetate 

. 0 

313 

5-34 

10'68 

21 "37 

CoSO* 

. 02085 

0-454 

0-754 

1146 

1*756 

St80 4 

. 04)161 

0 6451 

0 0732 

00942 

0-015 

BaSOj 

. 04)0033 

— 

— 

— 

0016 


The sp. gr. of some of these sob, were also measured, G* C. Wittstem found the 
solubility of calcium sulphate is raised in the presence of ammonium succinate; 
O, Popp made a similar observation with respect to auimnimi borate , and found 
that when a boiling soln. is cooled, calcium borate crystallizes out. R. Spiller 
found that the solubility of barium sulphate is much influenced by citrates, and 
J. Wulfmann measured the solubility of strontium sulphate in salte of the organic 
acids* G* Magnanini found that at 20°, while water dissolved 0223S grm* of 
calcium sulphate per 100 grms. of soln,, a 0'00&iV-&oh, of potassium hydrotattTQte t 
KHCtH^Qfo dissolved 0 2323 grin,, and the same soln, with 5 per cent, of tartario 
acid dissolved 0*2566 grm* of calcium sulphate. Again, a 10 per cent, sob, of 
alcohol dissolved0'0970grm. of calcium sulphate per 100 grms, of sob,, aQ'OQSjV-soln. 
of potassium hydrotartrate in 10 per cent, alcohol dissolved 0 0060 grm. of calcium 
sulphate, and a Q r 0025A T -soIn. of potassium hydrotartratc in 10 per cent, alcohol 
with 5 per cent, of tartaric acid, dissolved 01086 grm, of calcium sulphate per 
100 grms. of soln, V. Teodossiu found that a 0 2 molar soln, of ammonium citrate 
at 20^ dissolved in 3 hrs, 2'59 gnus, of CaSOj; 0 60 grm. of MO*; and 0*21 
grm, of BaS0 4 * 

A. M* Oasendowsky found that 100 grms. of glycerol of sp, gr. 1256 dissolve 
517 grms. of calcium sulphate between 15° and 16 D ; and E, Asselin, 100 grms, of 
glycerol of sp. gr. 1114, dissolve 0 95 grm. of calcium sulphate at ordinary temp. 
F, Stolle measured the solubility of calcium sulphate in soln. of sugar of different 
oonc. between 30 s and 80 c . The solubility is depressed by increasing the cone, of 
the sugar, and it is also depressed by raisrng the temp, although some anomalies 
appear about 70 D . E. Sostmann has also made observations on this subject. 
According to J, M, Kolthoff and E. II. Vogelonzang, at 19°, 25 and 50 per cent. 
ethyl akohol dissolve respectively 19 and U mgrms. of strontium sulphate per litre; 
and 50 per cent, alcohol with respectively ^N-RQl and ^A-NI^Cl dissolve 120 and 
40 mgrms. of strontium sulphate per litre. Strontium sulphate is said to be 
insoluble in absolute alcohol, and scarcely soluble in aq, alcohol. A. Gawalowsky 
found barium sulphate to be appreciably soluble in sob, of hydrogen peroxide. 
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§ la The Properties of the Sulphates of the Alkaline Eptht 

According to J* H. van't Hof and F t Weigert* 1 the crystals of anhydrous 
calcium sulphate occurs in two modifications: (i) t]ic stable rhombic bipyramids of 
anhydrite, with axial ratios a : b 0'8932 :1:1 008; and (ii) the metastable 
soluble calcium sulphate which, in contact with water, very easily passes to gypsum, 
and by longer contact with boiling water, passes into anhydrite. The metastable 
form is readily produced by the dehydration of gypsum below 100°, and, according 
to A, Lacroix, it probably forms triclinic crystals which show plagioclase twinning, 
but W, A- Davis says that its close relationship with the hemihydrate, and its straight 
extinction, show that it is more probably rhombic. No change in crystalline form 
is observed when the hemihydrate is converted into soluble anhydrite, or when the 
latter is converted into the former. R, Grengg found that the hexagonal prisms 
of the hemihydrate obtained by digesting gypsum with warm nitric acid, or by 
heating gypsum with a cone, soln, of sodium chloride, are repeated by twinned 
rhombic crystals, Gently heating the prisms in paraffin increases the double 
refraction, without altering the external form, and soluble anhydrite is produced. 
Insoluble anhydrite is formed at 3G0 & , and the crystals, still rhombic, are arranged 
in parallel fibres, giving the appearance of optically uniaxial crystals. 

Strontium sulphate forms rhombic bipyramids of celestine, with axial ratios 
a :b : c=07790 : 1 :1 2800 ; and barium sulphate forms isomoTphous bipyramids 
with axial ratios a :b . c=0'8132 :1 :1313G. A. Lacroix reported a sample of 
barytes from Templeton near Quebec (Canada), in momdinic crystals. He claimed 
this to bo an example of dimorphism, and named the mineral nichdhvite after 
A. Michd-Levy. The mixed crystals of barium and strontium sulphates occur 
in nature as indicated in connection with the occurrence of these earths. 
J. E, W. Johnston obtained ucioular crystals of hemihydrated calcium sulphate 
belonging to the rhombic system; and J, H, van't Huff also obtained noedle-like 
crystals of this hydrate from gypsum. According to A. Lacroix, these crystals 
belong to the hexagonal system, although F, Myltus and J. von Wrochem obtained 
rhombic crystals of the related hemihydrated calcium chromate. According to 
W. A. Davis, both forms of the hemihydrate as well as soluble and natural anhydrite 
all form needles with rectangular ends, and have a straight extinction. The 
prismatic crystals of dihydrated calcium sulphate, gypsum, belong to the mono- 
clinic system; they have axial ratios a : b : c—0'fJ898 :1; 01132, and 0—98° 38'; 
' they arc isomorphous with the corresponding dihydrated calcium chromate, 
CaCr 04 . 2 H £ 0 . The optical and electrical axes of gypsum have been determined 
by H. Rubens. W. A. Davis showed that under the microscope, gypsum crystals 
consist of email plates with oblique ends (often twinned), or long needles ; they show 
an extinction between crossed nicols at an angle of 52^ to the long direction. 
H + Gaudefroy said that the passage from the hemihydrate to the soluble form of 
anhydrite at 120M30 0 , is not accompanied by a change in the form or sixe of the 
crystals. Thu anhydrous salt, however, is less refractive and has a double refraction 
almost twice that of the hemihydrate. X-raftiogratUS of anhydrite have boon 
studied by F. Rinne, and of gypsum by E. Hjalnmr, and H. Hags and F. M. Jaeger. 
The corrosion figures of celestine have been studied by F. Rinne and M, Kemtcr, 

W. Grahmann studied the isomorphism of the three anhydrous sulphates of 
the alkaline earths. The heating curves show a transition at 1193° with calcium 
sulphate, at 1152° with strontium sulphate, and at 1149° with barium sulphate. 
Strontium and barium sulphates are miscible in all proportions in both a- and 
0-formfl, and baryto-celestite is therefore a true iaomorphous mixture. Calcium 
and strontium sulphates are completely miscible in the a-form above the transition 
temp., but in the 0-form they are isodimorphous. Addition of strontium sulphate 
to calcium sulphate first raises the transition temp, up to about 20 mols per cent, 
strontium sulphate; then up to 80 mols per cent, the transition temp, gradually 
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fails to a minimum at 1010°. The eat. 0-mixed crystals co-existing at the eutectic 
temp, contain 55 to 82 mols per cent, strontium sulphate* The sp. gr. curves 
indicate that the form of strontium sulphate isomorphous with anhydrite should 
have a density of 3'55, while the second form of calcium sulphate should have a sp* 
gr* of 3‘29. Barium sulphate and calcium sulphate are likewise isodimorphous and 
their miscibility is slight, at most 5 mols per cent, of calcium sulphate in the barium 
sulphate crystals. It is suggested that the term baryto-eeledine should be confined 
to minerals containing between ID and 90 mols per cent, of barium and strontium 
sulphate. 

Numbers have been given s for the specific gravity of anhydrous calcium 
sulphate, ranging from2'73G by H« G. F. Schroder to 3102 by E. Filhol. N. S. Man- 
ro&s gave 2 969* A* Gorgeu 2980, and H. Struve 3 028 (12°) for artificial crystals of 
anhydrite; E. Madclung and R. Fuchs gave 2 9369-2 9468 (0°) for anhydrite ; and 
A. Schrauf, 2 983. J. F. McCaleb found that after heating calcium sulphate to 

200°. null TftliUAB. MgKt rtdnm. H.p. Fusion. Atiliydritu. 

Sp.gr*. . 2-677 2 912 2690 £706 2654 £-907 

J\ F. W. Johnston gave 2 757 for the sp. gr. of crystals of hemihydrated calcium 
sulphate, 2CaS0 4 .H 2 0 ; A. Moye gave 275 ; and E. Madelung and R. Fuchs, 
2’3081-2'3123 (0 U ) for gypsum. A. Kenugott gave 2'317 as the mean of fifteen 
measurements of gypsum, and values ranging from F. Ktolba s 23057 to A. le Boyer 
and J. B. A. Dumas 1 2‘322 have been given for the sp. gr. of dihydrated calcium 
sulphate, Ca!804,2FT 2 0. O* Petterscrm gave 2 + 3228 (18°) and 2'2740 (19*4°) for the 
sp, gr. of the powdered dihydratc. Tin: sp. gr, of selenite is between 2'30 and 2'33 
and of natural anhydrite 2'92 to 2 98* A, Moye found the sp. gr. of the completely 
dehydrated salt to be286* 

The published values of the sp, gr. of celestinc range from F. Mohs 1 2 86 to 
A* Breithaupt’s 3 Q73; E, Madclung and R. Fuchs gave 3’9G3I-3’9G84 (0 a ) for 
celestine ; and N. S, Manross gave 3 927 ; and A. Gorgeu, 3'9 for artificial crystals 
of strontium sulphate ; and the numbers for the precipitated strontium sulphate 
range from C* J. B. Karstcn’s 3'5883 to J* Schweitzer’s 3 9702 (18°); and the last 
named also gave 3 6679 to 3‘6949 (18 a ) for the ignited precipitate. The reported 
values for the sp. gr. of barytes range from F* E. Neumann’s 4'429 to G. Bose’s 
4 872. E, Madclung and it* Fuche gave 4 , 4657'4'4741 (0°) for barytes; and 
N. S. Manroas gave 4179 aud A. Gorgcu 4'44 to 4'50 for artificial crystals of barium 
sulphate. The values for precipitated barium sulphate range from H*G. F. Schrader’s 
4 02J to J. Schweitzer’s 4'4881 (18 c ) i the last named gave 4 2688 (I8 fl ) for the precipi¬ 
tate dried at 95*, and 4 2942 for the ignited precipitate. E. Wiedemann gave 
4 3964 at I4'5 a and 4’1J9G3 at 14'9°. Earl of Berkeley found a mean value of 4 4701 
between I5'05 a and 17’35°, with a deviation of 0 0011 between the maximum and 
minimum. The best representative values for the sp. gr, of the aulphates at about 
15”, arc : 

BaSO- SrBOi CjSOj ^uSO^ CaSlVtH a O CflKtVSUaQ 

(nulurjil imhyrtvitu) {soluble: uuhydrita) 

Sp.gr. * * 4-45 364 2-0« 275 332 

• 

A. Lacroix found the monoclinic variety he obtained from Templeton to have a 
sp* gr. of 4'39 (I5 Q ). F. Stolba found the sp* gr* of a sat. soln. of calcium sulphate 
atl6°tobel'0022 ; F. K* Cameron, at 26°, TG02G ; and at 31M 0031. G.A.Hulett 
and L. E. Alien gave for sat. soln.: 

UP 10* M n 35* icr 55 c 75* 

Sp.gr . J-UU197 1 60173 0-99769 0-99612 0-99439 0W96 097772 

Anhydrite, celestiue, and of barytes arc each stated to have a hardness between 
3 and3‘5 ; while thaflof gypsum is given between 1'5 and 2. 

According to A* Johnson, 3 cooling by liquid air diminished the plasticity of 
gypsum. F* von Bjerken gave 360 kgrma. per sq. mm. for the elastic modulus of 
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gypsum; P. Drude and W. Voipfc, 5910 kgims. per sq. mm. for tint of baryte*. 
W, Voigt also measured the elastic modulus of rhombic crystals of barytes along the 
different axes, and obtained maximum and minimum values of 9582-3715 kgrm*. 
per sq. mm. L. A. Coromilas likewise obtained maximum and minimum values 
for monoclinic crystals of gypsum—8870-3130 kgrms, per sq. mm. For the 
elastic number— ratio of transverse contraction to longitudinal extension—of 
samples of grey and red barytes, P. Drude and W. Voigt gave respectively G'273 and 
0 288. W. Voigt gave for the compressibility of barytes T93xl(H kgrm. per 
sq. mm. K Maddung and R. Fuchs gave for gypsum 2'45—l'53xl0“ a megabars per 
sq. cm.; for anhydrite, 176—1'90x10"* megabars per sq. cm.; celestine, 157 
—I 63x90“* megabars per sq. cm .; and for barytes, l'74-“r78xlO“* megab^ra 
per sq. cm. 

J. L. Gay Lusaac 4 did not decompose the neutral sulphates of the alkaline earths 
by fire. According to E. Mitscherlich, calcium sulphate melts when heated in a 
platinum crucible over a blast gas-blowpipe, some sulphur trioxide is given off, and 
the residue has an alkaline reaction; J. B. J. D. Bousaingault found 0'5 to 2 0 grins, 
of calcium sulphate, when heated over a blast gas-blowpipe, lost all its sulphur tri- 
oxide in 20mm, R. Bunsen also found some sulphur trioxide was lost when calcium 
sulphate was heated over Bunsen’s flame. Confirmatory observations on the loss of 
sulphur trioxide have been made by F, Schott, K. Zuliowaky, etc. By extrapolation 
from H. Muller's or G. Galcagni and G. Mancini’s f.p. curves of mixtures of calcium 
sulphate and the alkali sulphates, the melting point of calcium sulphate is between 
1350* and 1375°, but the salt decomposes so readily at 1000°, that an accurate deter¬ 
mination cannot be made. As indicated above, W. Grahmann found that calcium 
sulphate can be molted in an electric furnace without decomposition, and the 
molten sulphate freezes at 1450 u ; the cooling curve show* a transition point at 
U93 a ; strontium sulphate has a transition point at 1152"; and barium sulphate at 
1149°. J, B, J. D. BoussingauJt made sindtar observations with respect to the action 
of beat on strontium and bar!urn sulphates as those he made on the calcium salt; 
and M. Darmstadt likewise observed a loss of sulphur trioxide when strontium 
sulphate is heated in a crucible over Bunsen s flame. F. Jeremin found that when 
heated in the electric are, calcium sulphate Is reduced to calcium sulphide; and with 
the barium salt he found some barium sulphate appeared to be volatilized, possibly 
owing to alternate reduction and oxidation, N. T, du Saussure melted barium sul¬ 
phate to a white enamel; R. Hare melted barytes in the oxy-hydrogen blowpipe; 
and F. O. Doeltzand W. Mostowitsch found that barium sulphate, prepared from 
barium chloride and sulphuric acid, loses weight at 1300°, and that the m,p, on 
platinum foil is 1453°; when heated for half an hour between 1550° and lGSi*, it 
volatilized completely. The behaviour of barium sulphate when heated depends 
to some extent on the way it has been prepared; that obtained from ammonium 
sulphate and barium hydroxide, fused after heating in air for KMJGmins.on platinum 
at 1580°, and lost 9 per cent, in weight. W. Vernadsky found that calcium and 
strontium sulphates over 1200° each pass into a second rhombic modification, and 
W, Grahmann found that anhydrite, celestine, and heavy spar pass from the ft- to 
a-, probably monoclinic, modifications as the temp, rises above the transition points 
indicated in Table VIII. E. Jhuceke saw that gypsum has an incongruent m.p. at 


Tasle Vlli.—Sonic Thermal Constant or the Alkaujne Bahtu Sulphates, 

n 


Molecular weight 
Melting point . 
Transition temperature 
Time of transformation 


CsS0 4 . 

SiS0 4 

BrfO|. 

mm 

m-66 , 

233 ‘46 

1460° 

1095° t . ! 

mu* 

1193 d 

1152° j 

1149* 

60 

110 | 

190 sacs. 
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107°j atui the liquid which, is obtained by compressing gypsum in very dil. soln M 
the residue^ has the composition CaSO^jHaQ, 0, Ruff and W. Plato obtained a 
flattened eutectic at 900° with mixtures of barium sulphate with 05 to 82 molar per 
cent* of barium chloride, 

K. E. Guthe gave 0 000025 for the coefficient of linear expansion of gypsum 
between 12° and 25° . G. lander 5 found the specific heat of crystallized anhydrite 
to be 0*1753 between 0° and 100°, and 0*1906 between 0° and 300 °; R, Weber gave 
01802 at 0°; and for gypsum, 0'254 at 0°; while H, Kopp gave 0 259 between 
16° and 46°, For celestine, the latter gave 0*135 between 18° and 51*; and for 
ignited artificial strontium sulphate, H. V, Regnault gave 0'1428 between 21° and 
99% and 01128 for barytes between 10* and 98°. According to P. N. Laschtschenko, 
tfie sp, ht. of barytes increases regularly up to about 500°, being O'lH at 150°; 
0*115 at 170°; 0125 at 300°; and 0129 at 500° and 1050°. R, Weber found the 
beat conductivity at 0° JjT o =4)’0123 cal. per cm, per sec, per degree for anhydrite, 
K 0 =0 0009 at 0° for artificial gypsum, and # 0 ^0 0031 at 0 C for natural gypsum. 
He also gave for the conductivity of anhydrite at 6 C , K—K 0 ( l-j-0'00240). H. Hccht 
found that if D denotes the sp. gr. and C the up, ht., what he calls the temp, conduc¬ 
tivity K=a*I)C t where a 2 ^0 0030. 

J. Thomsen 0 found the beat of formation of anhydrous calcium sulphate to 
be (Ca, 8, 40)=317*4 Cals.; (Sr, S, 40}=330 9 Cab.; (Ba, S, 40)-340'2 CaU.; 
(Ca, 0 2 , SOjj)= 248 97 Cals.; (Sr, 0 2 , go J =259*82 Oak ; (Ba, 0 2 , SO a )=2G6-49' 
Cals.:Ca(OH) 2J ,q.+SQ3 ay —31 14 Cals., similarly, for strontium hydroxide 30‘71 Cals., 
and for barium hydroxide 36 90 Cals.—including the heat of precipitation. 
M. Berthelot gave (CaO, SO^)—84 Cals.; (SrO, SO^), both solid, 95'6 Cals. ■ and 
(BaO, SO,)=lo:j Cab.; CatOHJ^M+HaSO^ui^CaSO^M+HsO^+SS a Cab., 
similarly, for strontium sulphate, 118 Gals., and for barium sulphate, 132 0 Cals. 
R, de Forcrand gave for the heat of hydration, CaS0 4ftB i 1 ydritfl+2H 2 0uq U j ( i— “3 01 
H Cab.; he also gave CaSO^HjjO- a CaS0 4 .£Hs0+liH 2 0—3*8 Cals., with 
j3-CaSG 4 .£H 2 Q, —4 025 Cak, and with y-CaS0 4 .iH £ 0, —4*25 Cals.; and for 
the conversion of a-, j9-, and y-forms to anhydrite and liquid water, 019, 0 415, 
and 0 l 64 Cal. respectively. A. Potilitem gave (CaS0 4 , 2H a 0)=9’30 Cals.; and 
J(2CaS0 4 ,H a 0, 3H 2 0), 610 Cals. J. Thomsen gave —O'tiO Cal. for the heat of 
Solution of CaS0 4 .2H^0 ; and M. Berthelot found the heat of suln. of CaS0 4 .2H 2 0 
to bealmost zero at ordinary temp.; negative, alittie below 15° ; and positive, above 
25°. According to R, de Forcrand, the heat of soln. of CaSG 4 .2H.,0 at 10° is —0'65 
Cal,; of 2CaS0 4 ,H 2 O. 3 56 Cals.; of anhydrous calcium sulphate which had been 
previously heated to 155°, 5 655 Cab. at KT, and previously heated to redness, 

2'9# Cals, at 10°. M. Berthelot found the heat of soln. of strontium sulphate to be 
almost zero at ordinary temp., positive below 15°, and negative above 25°. J. Thom¬ 
sen gave 5'58 for the heat of eoln, of barium sulphate ; and A. C. Melcher represented 
the value at T a K, by 30800—85 2T, which gives for 18°, 6 Cals. 

The index of refraction of anhydrite is moderate, and the double refraction b 
high. The mean values of the indices of refraction from A. MiihlhcimsV J. Dankcrb, 
and K. Zijpanyib observations for the /Mine are, a—1 '5696, 0=15755, and 
y=l'6135 ; and y—u=0 0439. «The index of refraction of anhydrite has been 
determined by J. Danker, A. Mtihlheims, and K, Zimanyi; of celcetme by A. Araruni, 
M. Grunenberg, G, H, Williams, and E, Artini; and of barytes by A. Ar^runi, 
J. Danker, K. Feussner, J, C. Heussner, A. MiihLheims, A. Offret, and C, Pulfrich. 
The indices*of refraction for the C-, Fdinea for anhydrite (A. Miihlheims), 
celeatine (A. Arzruni), and barytes (A. Arzruni) are: 

Anhydrite, CafejitluL!. Ji&ryU*. 

Um * jB y ■ 0 y * fl j 

0 . 156722 ; 1*57295 j 1-flIOfiO 1-61954 : 162120 : 1-52S43 1*63351: 1-63457 : 1 6*531 

D . 1*50933 : 1-575W: 1-61300 1-62198:162307: 1 63092 1 03&09 11-G37J2 : 1 *64746 

F , 1-57472: 1*58979 : 1-61874 1*62790: 1-62500 : 1-68697 164254 :1 04357 : 1-05469 

The mean refractive index of anhydrite is given as l'D9 ; of celestine, 1'62 ; and of 
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barytes, 1'64. The mean double refraction of anhydrite is given as 0045 j of 
celestme, 0 007; of barytes, Q l 012, Gypsum or selenite ie optically positive with 
the plane of the optic axes parallel to the (OlO)-face at ordinary temp. The mean 
values of the indices of refraction for the D-line, from the observations of V. von 
Lang, C, Klein, C. Viola, and H + Dufet, are a: /?; y—15205 :15227 :1'5£98, with 
y—a=00093,as the mean value of the double refraction. Other observations have 
been made by A. X Angstrom, F. Koblrausch, A. Matthiessen, G. Quincke, C. Pul- 
frich, and A. E. H, Tutton, A, Hutchinson and A. E. H. Tutton's values for the 
refractive index of gypsum at different temp, and with light of different wave-lengths, 
A, are shown in Table IX. 


Tablr IX.—TNnrcKH ok REMiArnoN oy Gyi-sum, 




9. 



a 



y 



n* 

! fiS" 

HIS* 


3S J 

!05 rt 

J2* 

GB* I 

m* 

Li 

I 'BITS 

1-5162 

I 1-5154 

I 5201 

i 1-6166 : 

1-6163 

1-6270 1 

1 -6247 

1-5243 

c 

15184 

1-5(08 

1 1-51(50 

1-6207 

15172 ; 

16164 

1-5270 

1-5263 

I-524U 

Na 

1 ’5207 

1 16103 

1-5184 

1-5230 

■ 1-6106 

I'M 88 

1-5200 1 

1 -5277 

1-5274 

573 , 

(-6213 

15193 

! I 5190 

1-5237 

1-5201 

16104 

1 5307 

1-62M 

1-5280 

TI 

i52Sl 

1 '5219 

l 1-5200 

I 6255 

1 6222 

15213 

1-5325 

l '5304 

1-5300 

F 

(5262 

1-5246 

. 1-5230 

15235 

1-5252 

1 -5243 

1-5356 i 

1-5334 

1-5330 

G 

1-5303 

1 ’5234 

J-52S5 

1 5328 

1-5200 

1 5260 

l '5400 

1 -5379 

1 6377 


The mean refractive index of gypsum is taken as 1 52 ; and the mean double refrac¬ 
tion as 0 010. 

In 1826, E. Mitschcrlieh 6 showed that gypsum suffers a larger change in the 
position of its optic axes with a change of temp, than any other substance then 
known. At ordinary temp, it is biaxial, with an optic axial angle of 00°, but on 
raising the temp., the angle diminishes until in the neighbourhood of IGG 5 , the axes 
come together, producing, in convergent polarized light, the rectangular cross, and 
circular rings of a uniaxial crystal. Beyond that temp,, the axes again separate, 
but in the direction at right angles to their former one. On allowing the crystal to 
cool, the phenomena are repeated in the reverse order. This lias been called 
Mitecherl&k’s experiment. He found the inversion temp, to be ill 9°. The crossed- 
axkbplane dispersion is exhibited by brookite; the triple tartrate of potassium 
sodium, and ammonium; rubidium sulphate ; caesium selenate; ammonium 
selenate ; ccesium magnesium sulphate ; caesium magnesium Rclenatc ; and mono- 
clinic ethyltriphenyl pyrrolone, A. E. H. Tutton has shown that the phenomenon 
is due to very low double refraction combined with a close approximation of the 
intermediate index of refraction to one of the extreme indices, and to the fact that 
change of wave-length of the light or change of temp,, or both, cause the inter¬ 
mediate index to approach still nearer to the extreme one in question until it becomes 
identical with it, and eventually to pass it, the relative positions of the two indices 
thus becoming reversed. The uniaxial rectangular cross and circular rings are 
produced at the critical point of identity. This critical point is a function of both 
wave-length and temp,; it is a fixed one only for a particular wave-Jrngth and an 
assigned temp* A. E, H, Tutton and A, Hutchinson found that the temp, at 
which selenite becomes uniaxial, given by the former, were a little too high, and that 
the corrected temp, of optical uniaxiality of gypsum, for different wave-lengths, axei 

071 (Li) m {H*s=C) 580 (Na^D) 573 535 (Tl) 486 (H^F) 

9Q‘2* fl0'4* «0-9° 010* 00-8 5 901° 

E. H. Kraus and L. J* Youngs obtained 09 l 67°-91’6 c . E. Goens showed that the 
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direction* of maximum and minimum transparency and reflective power indicate 
the positions of the optic axes of gypsum* 

W. W. Coblentz’s* measurements of the a&OTptian Spectrum of selenite and 
anhydrite are shown in Fig, 43, the former hy the continuous linCj the latter by the 
dotted fine. With anhydrite there are small 
absorption bands at 19, 3 2,57, 615, and 6'55/x, 
and a largo band at 4 55^ duo to the SO* group. 

AH the absorption bands of selenite coincide with 
those of water excepting the 475^ band of water 
is shifted to 4'6ft, W. H. Julius showed that the 
absorption spectrum of a chemical compound is 
ndt the composite of the hands of the constituent 
elements, for the molecules are changed. In 
selenite, the absorption spectrum is a composite 
of the bands characteristic of calcium sulphate, 

CaS0 4 , and water. The water of crystallisation 
of selenite, CaSG 4 ,2H 2 Q, is therefore assumed by 
W, W. Coblentz to be in the mol. state, and the, 
water and anhydrous calcium sulphate to crystal¬ 
lize together, building up a complex crystal much 
as it is possible to grow a crystal of a mixture 
of alums. This is assumed because the absorption spectrum of the hydrated salt, 
CaS0 4 .2TI 2 0, is a composite of the spectra of anhydrite, CaS0 4 , and water, H 2 0. 
Tf the water were chemically combined in selenite, the absorption hands of water 
would not appear. The large absorption band with selenite at 4’fyi is characteristic 
of sulphates. It is generally assumed that if the water passes off from crystals in 
stages at one, two, or more fixed temp., the water is present as an integral part of 
the compound, whereas if the water is expelled continuously on a gradually rising 
temp., it is inferred that absorbed water is involved. Against these assumptions, 
W. W. Coblentz shows that the absorption spectrum indicates that, in selenite, the 
water is not chemically combined, although when heated, the water comes off in 
stages, whereas in tremolite, hi. T. Allen and J t K* Clement found that the water 
comes off continuously, but the absorption bands show no signs of the contained 
water. The water is given off gradually from the zeolites between 1QG D and 4G0 5 , 
but it is inferred that the water is not chemically combined to form one sp. moL 
because as with opal and selenite, the absorption spectrum is a composite of the 
spectra of the anhydrous mineral and water, 

TV. W, Coblcntz’s values for the absorption spectra of barytes and celestine are 
indicated by the continuous curves in Fig* 44, The reflection curves of anhydrite, 
celesrinc, and barytes'are represented by the dotted lines. All show the harmonic 
bands at 4'55/r and 9'1/r, as in the case of anhydrite. The region to 7fi is 
characteristic of the sulphate. T t Liebisch and H, Rubens studied the optical 
behaviour of fltrontianite in the ultra-red rays* 

According to P, Bary, 10 calcium sulphate shows no phosphorescence when 
exposed fco'X-rftjS or Becqueiel/ays; while barium sulphate does phosphoresce 
under these conditions. E. Wiedemann, and H. Jackson studied the luminescence 
of calcium sulphate, particularly when mixed with manganese sulphate, on 
exposure to Cathode rays. Colourless selenite crystals decompose at a low temp, 
without showing thermo-luminescence. According to E, Newhery and H. Lupton, 
when selenite is exposed to radium rays, certain parts are coloured brown. The 
blue colour of some varieties of anhydrite, calcarine, and barytes can be discharged 
by heat; and some colourless specimens are coloured blue by exposure to radium 
rays. The crystals exhibit a green phosphorescence during exposure to radium. 
P. Schuknecht found the spectrum of the phosphorescence produced by Rdntgen 
and cathodic rays extends far into the ultra-violet. 

K. Frribram and E. Kara-Michailova 11 studied the effect of the high-potential 
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discharge on the surface of a plate of gypsum. J. Kfinigsberger and K, Schilling 
found rhombic barium sulphate conducted an electric current electrolyti rally, by 
ions. A, C. MacGregor?, W, Bottger, and others have measured the electrical 
conductivity of aq. sob. of calcium sulphate. G. A. Hulett and L, B. Allen 
measured the eq. conductivity of sat. sola, between 0° and 65°, F, Kohlrausch 
found a cm. cube of sat. sob. at 18° had a conductivity A—18'85 X10“* reo, ohms. 
A. C* MacGregory found the temp, ooeff. between 18 c and 26° to be 0 023 per degree. 
F. Kohlrausch and F. Rose, A, F, Hollemann, A. C. Melcher, and A, C, MacGregory 
have measured the electrical conductivity of solm of strontium and barium sulphate^ 
and from the results calculated the solubility of the salt in water. For sat. aq. 
sola, at 18°, F. Kohlrausch found for precipitated barium and strontium sulphates 
A—2'4 X10"^ and 127 X 10” S rec, ohms respectively ; and for heavy spar and oelds- 
tine, respectively A=27 X10 - * and 127 X 10 _ *rec. ohms ; andfor a sat, sob. of gypsum 
A=18fN5xl(H rec, ohms. For the conductivity of a sat. sob. of heavy spar at 8° 
between 10° and 26°, h« found A=27xKH{]+Ot)232(d-18)-!-0'OOOlO(d-I8] E } ; 



Fid. 44.—Absorption Spectra of Earytes and CfllestiDb. 

and for celestine, A=127 X 10 -i (1+0 0230(8—18) +0'G0QQ9 (8—18) a }. G, A. Huletfc 
suggested a sat. sob. of gypsum as a standard for conductivity determinations; 
he represented the conductivity between 10° and 30 D by 0002208+0(^46(8-25) 
+00^1626(8—25) 2 ; and the sp. conductivity A is related with the cone, G< m 
mgrm, mols per litre, by C=— 0 354+5211A+84140QA 2 , P. Walden measured 
the conductivity of sob, of strontium sulphate in cone, sulphuric acid. B. D. 
Steele and R. B. Denison found the transport number for the cation in 
O'OOBN-sob. of calcium sulphate to be 0'441; J. F. Daniell and W. A, Miller also 
experimented on the subject in 1844. J, A. Muller represented the heat ol imUEOr 
tiOUf q, of barium sulphate at the absolute temp. T by -g—105502'32—696 367 T 
+l'2118r a , G. N. iiwis and M. Randall calculated the activity coefi. bf the ions. 

According to R, Fellinger, 12 the dielectric Constants of barytes for the a-, jff-, 
and y*axes, for definite wave-length, are respectively 6 17,10 09, and 7'0Q ; and, 
according to W, Schmidt, for wave-lengths of 76 cms, p these constants are respectively 
6i$5, 12'20, and 7'70, and for oelestine respectively 770, 18 + G, and, 8*20, For 
gypsum, C. B, Thwing gave 5'01; J. Curie, 6 33; H. Starke, 5‘04; and M, von 
Pirani, 6'66. According to S. Meyer, the magnetic SUSCCptfbiltiy of anhydrite is 
— 0'38xl0“ fl at 17 a ; and of gypsum, — 0'36xl0“*. P. Pascal gave for the 
mol. ooefL of magnetization of BaS0 4 , 713x10^; SrS0 4j 597xlO^ T ; CaS0 4 , 
496x10^; and CaSO*.lH a O, 557x10^. r 

B. Unger 18 found that when heated in a stream of hydrogen* calcium sulphate 
is reduced to the sulphide which, according to 0. Schumann, is mixed with about 
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ono-seventh of calcium oxide. Strontium under similar conditions furnishes the 
sulphide mixed with one-thirteenth of oxide. Hydrogen likewise reduces barium 
sulphate. Anhydrous calcium sulphate obtained by heating selenite to redness, 
or by evaporation with cone, sulphuric acid, is not hygroscopic and does not change 
in weigh! on exposure to air ; the anhydrous salt made by heating selenite sufficiently 
to expel the water without loss of sulphuric anhydride is hygroscopic. The latter 
also gives off sulphuric acid more readily than the former. E. Jacquemin found 
water vapour reduces red-hot barium sulphate forming carbon monoxide, hydrogen 
sulphide, and bariumtaridc. R. A. Tilghmann passed water vapouT over a red-hot 
mixture of calcium sulphate and sodium chloride, and obtained sodium sulphate 
and hydrogen chloride. According to F, Knapp, the silica of the containing vessel 
plays a part in,this reaction. According to 0. Siemens, if water vapour is passed 
over a molten mixture of sodium chloride with twice its weight of calcium sul¬ 
phate, hydrogen chloride, sulphur dioxide, and hydrogen sulphide are evolved ; and 
a mixture of carbon dioxide and water vapour produces only sulphur dioxide and 
hydrogen chloride. The residue contains undecomposed sodium chloride, sodium 
hydroxide, calcium sulphide, and oxide, and small quantities of sodium thiosulphate 
and sodium sulphite; according to H, L. Bujf, the iron of the containing vessels 
plays an essential part in the reaction. According to E. Ebler and K> Herrdegen, 
a mixture of calcium hydride with barium sulphate when ignited by the thermite 
process forms a mixture of calcium oxide and barium sulphide : BaS0 4 -|-4CaH E 
=BaS+4CnO~f 4H 2 ; a little barium oxide and calcium sulphide may be formed. 
The hydrogen does not appear to take part in the reaction. This furnishes a means 
of getting insoluble sulphates into sclm Some of the sulphates of the heavy metals 
give the metal itself. 

According to M. Cari-Mantrand, chlorine transforms red-hot calcium sulphate 
into the chloride ; and hydrogen chloride acts in a similar way, liberating sulphur 
dioxide and oxygen ; according to C. Hensgcn, the decomposition is complete at a 
dull red heat; as found by J. B. J, D. Boussingault, the reaction is facilitated by 
mixing the sulphate with carbon, when calcium chloride, sulphur, carbon monoxide, 
and hydrogen sulphide are formed. Strontium and barium sulphates, according 
to J. B. J. D. Bouasingault and C. Hcnsgen, are also completely transformed at a 
bright red heat by hydrogen chloride into the corresponding chloride. A. B. Pres¬ 
cott found that when 100 gim. of calcium, strontium, or barium sulphate is 
evaporated with 4 035 grms. of hjdiocihlaric add containing 1 ’251 grma. of HOI, 
no appreciable quantity of sulphate is decomposed. P. Chrou&bchofT, and W. Oat* 
wald studied the distribution of sulphuric acid between barium and strontium salts. 
The* contamination of barium sulphate with chlorides when precipitated in the 
presence of chlorides led G. Hulctt and L. H, Duschak and others to suggest that 
bariumchforosidphatem formed, (BaCl) a S0 4 , or ChBa.HSO^. The chloride, however, 
may be simply adsorbed by the sulphate. 

C. Matignon and F. Bourion found that when calcium sulphate is heated in a 
stream of sulphur chloride, S 2 CI 2 , it is also converted into calcium chloride, and 
barium sulphate is similarly converted into barium chloride. When barium sul¬ 
phate is heated with C&rbon te 600°-800°, BaS0 + -f 2C“BaS+2CO^; and to 
lOOOMlOG*, BaSQ 4 -f4C=4C0-fBaS. If in an electric furnace with insufficient 
carbon for complete reduction, 3 BaS 04 -hBaS= 4 SO a H- 4 BaO, as in C. S. Bradley 
and C. B. Jacobs 1 process for barium chloride— q.ih The action of carbon on the 
sulphates the alkaline earths in the electric we furnace was studied by E. Kun- 
haim. E. H. Rieaenfeld has also studied the reduction of the sulphates of the 
alkaline earths by carbon and by methane. According to H. Quantin, the vapour 
of carbon tetrachloride converts red-hot barium sulphate into barium chloride and 
oarbon dioxide, carbonyl chloride, and pyroaulphuryl chloride, B* Neu¬ 

mann and G. Kotyja studied the action of ammonium hydroxide on calcium 
sulphate; and B. Neumann and W. Gellcndien, the action of ammonium carbonate 
on the some salt. H. Rose converted barium sulphate into the chloride by 



800 


INORGANIC AND THEORETICAL CHEMISTRY 


igniting it with AnunoniEUti chloride* Although R, Fresenius found the reaction fa 
incomplete, According to F. Sesfcbi* and A. Violi, when calcium sulphate is heated 
with SttJphur* it forme sulphur dioxide and calcium sulphide ; and analogous result* 
were obtained with strontium and barium sulphates. F, le Play and A, Laurent* 
and C. Stammer reduced calcium sulphate to the sulphide by heating it with carton 
or carton monoxide, and B, Unger* by heating it with watgr-gu& L. Marino found 
that the reduction of barium sulphate to barium sulphide is effected by reducing 
gases better than by coal, which is generally employed at present. The reduction 
with hydrogen, methane, water-gas* illuminating ges, ete.* occurs at about the 
same temp.* as these gases inflame with oxygen* and the temp, of reduction can be 
lowered by the aid of suitable catalysts* just as combination with oxygen can be 
favoured by the same means. For commercial purposes the beat results are ob¬ 
tained with water-gas, the reduction occurring at 525 y -540 & . In practice a temp, 
of 600 D -625° is employed. L. Marino and D. Danes! also noted that strontium 
sulphate requires a higher temp, for the reduction, and calcium sulphate a temp, 
still higher. The product with barium sulphate is always the sulphide ; with 
strontium sulphate* the sulphide and a trace of oxide and thiosulphate ; and with 
calcium sulphate, sulphide* and small quantities of the oxide and thiosulphate. 

E. Jacquemin reduced strontium and barium sulphates with moist carbon monoxide. 
According to E. H, Jenkins* hydrated calcium sulphate docs not absorb gaseous 
ammonia* but if some of the water is expelled from the hydrate ammonia is absorbed; 
for example, a sulphate with 0 7 per cent, of water* absorbed 2 27 per cent, of ammonia 
at ordinary temp. E. Berger used a mixture of sodium or potassium nitrate with 
40 per cent, of calcium silicide as a priming mixture for the reduction of calcium or 
barium sulphate with red phosphorus. According to 0. Moretti, arsenic Oxide 
drives out sulphur dioxide from heated strontium sulphate. A mixture of iron 
filings with barium, strontium, or calcium sulphate was found by A. d’Heuteuse to 
form ferric oxide and the corresponding sulphide; e.g. 3 liaS 0 4 -j-8Fe 3BaS -I^Fc^Qj* 
but with a less proportion of the sulphide some ferrous sulphite may be produced; 
he also found zinc reduces strontium sulphate at a dull red heat forming zinc oxide, 
and strontium oxide and sulphide; the action with barium or calcium sulphate 
is similar, but the mixture detonates at dull redness. 

Sintered mixtures of calcium oxide and sulphate furnish Scott’s selenitic cement, 
as previously indicated. There is no evidence that an oxysulphate is here formed. 

F. K. Cameron and S. M. Bell studied the ternary system* CaO—CaSO*—H 2 0> but 
t found no signs of the formation of a calcium QXif&utykftie. Expressing the results in 

grams per litre, they found at 25° : 

CaO. , . 0 Om 0'349 0 939 1222 1-242 HM 1-166 

CaSO* . 2-126 2-030 1'853 1-634 l*m - I-2J4 000(1, OOO 

Solid phases ' CflSO^SUjO CaSO^ZfljO+CiitOHJj CttfOHJj 

The results arc plotted in Fig. 15, The curve AB shows that the solubility of 
calcium hydroxide in an aq. sob. of calcium sulphate is nearly constant* hut is 
slightly more in the more cone. sob. of the sulphate. The curve BC shows 
that the solubility of calcium sulphate decreases regularly as the cone, of the 
latter increases. 

It does not follow that the equilibrium constant in reactions which take place 
in soln. will be independent of the nature of the solvent. Thus, L. Fissarjewsky 
and A. Levites found that the equilibrium constant in the reaction* CoSO* 
+ 2 KOH^& a $O 4 +Ca( 0 H) 2 , in a 10 per cent, mannitol soln. is eleven times* and 
in a 24 per cent, glycerol soln. nine times less than it is in water. This means that 
the respective solvents do not act as simple catalytic agents. According to 
J. F. John, 1 * barium^ sulphate is completely decomposed when boiled down to 
dryness with a sob, ofpofalMrom hydroxide and the product is a mixture of barium 
hydroxide and potassium sulphate; but H. Rose found that barium sulphate is 
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not attacked by a boiling soln* of the alkali hydroxide freed from carbon dioxide, 
while if carbon dioxide is present barium carbonate is formed* C. J* B. Karsten, on 
the other hand, reported that barium hydroxide dissolves in a cone* aq* soln* of 
sodium sulphate between 15° and 19°, and as 

the Bolrf* is diluted, barium sulphate and ~| T 

sodium hydroxide remain in soln, H. Rose, A __ prt __ [j_ 

and H* Rcinsch found that no perceptible S? 

action occurred when a cold or boiling soln, ^ /■ o —--— 

of ammonium carbonate acts on barium ^ 

sulphate for 20 hrs. A large number of ^ - J -r-- 

observations have been made on the reaction ^ A e \ 

beftmm aq. soln. of fused alkali carbonates j? c * 5 ' T 

and the sulphates of the alkaline earths* 5 ___ \ ___ 

There is a difficulty in determining the com- \ 

poaitionof the product obtained by fusing the __L_I_ \c 

two constituents, because, when subsequciDtly s aw.USQ^nitr* ™ 
treated with water, the reaction may be re- _ t * *, . ^ . . * „ , 

versed. Boiling the sul^ste with ahaln. ol 
sodium or potassium carbonate results in a ^ 25°. 
partial decomposition of the sulphate, but 

the effect is reversed on cooling. W. Meyerhofior found that a fused mixture 
of barium carbonate and potassium sulphate deposits very little, if any, barium 
sulphate on cooling, but when this mixture is treated with water, a reaction 
sets up, so that no matter whether barium carbonate is fused with potassium 
sulphate, or potassium carbonate with barium sulphate, the amount of barium 
carbonate in the residue is 90-95 per cent. The reaction in aq, soln* in the hetero¬ 
geneous system: K^COj -bBaSO 4 ^K 2 SO 4 +BaC0b, is reversible with BaS0 4 and 
BaCOj; os solid phases. From C. M. Guldbcrg and P. Wnage's law, OiC 2 --=A''(V^, 
where C^, C 2 , V Si and C 4 respectively denote the cone* of the salts in the order 
stated in the chemical equation, the constant K=CijC%, when the cone, of the solid 
phases are regarded as constant. W. Meyerhoffer, however, showed that the ratio 
C\ : C’a, that is K 2 CQ^ : K 2 SG 4j varies not only with the temp, but also with the 
cone, of the soln. The system has also been studied by E* Ramann and H, Ballinger. 
Similar remarks apply to the system; Na^^+BaSO^NaaBOa-J-BaCQa. 
W. Spring has investigated the influence of press, of 600 atm. on mixtures of solid 
sodium carbonate and barium sulphate, and reported the conversion of os much 
as 80‘31 per cent* of barium sulphate to the carbonate—vide 1, 13,18. The com- 
sponfling reactions with strontium sulphate were investigated by P. Berthier, 
H. Gruneberg, H. Rose, and F. J. Malaguti; and with calcium sulphate by F, Bcr- 
thier, W* Hera studied the equilibria in the systems containing a sulphate of 
calcium or strontium and an aq. soln. of sodium carbonate. 

According to J* B, Trommsdorff, C, J, B* Karaten, H. L* Buff, and A, Levol, no 
reaction occurs when calcium sulphate is fused with sodium chloride* C, J. B. Kar- 
sten, and jj. Berthier similarly melted barium sulphate with sodium chloride, 
W* 0. dc Coninck and L. ArzaUer*found that barium sulphate is partially decom¬ 
posed when heated with an aq. soln. of potassium chloride for 6 months. According' 
to J* Treumann, a boiling soln, of ammonium chloride decomposes a little strontium 
sulphate. W* 0* de Coninck and L, Arzolier found that barium sulphate is partially 
decomposed when heated with an aq. soln, of mcthylamine hydrochloride for 
620 hrs* at 100°* H* Kose melted barium sulphate with calcium chloride, and stated 
that barium chloride and calcium sulphate are formed. P. Ohrustschoff and 
A* Martinoff found that when strontium sulphate is treated with a sob* of barium 
chloride, about 60 per cent, is converted into barium sulphate and strontium chloride 
in about a couple of hours, and the reaction is complete in a few more hours. 
P* Berthier, J* J, Berzelius, and T* Bchoerer and E, Drechsel fused mixtures of 
barium sulphate and calcium fluoride, and obtained crystalline masses corresponding 
vol* m, • 3 r 
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to B4S0|.CaF s , but there ia nothing to show that a compound is formed. 
J. Smithson analyzed & Derbyshire mineral of sp, gr, 375 containing 515 per cent. 
BaS0 4p and 48 5 per cent, calcium fluoride; it was therefore called ftuwo-heavy 
*por. f. A. Dufr^noy analyzed the rhombohedral crystals of a mineral called 
dreelitej flp, gr, So, and hardness exceeding that of calcspar, It contained 6173 
per cent, of BaS0 4 and 14'2 7 per cent, of CaS0 4 ; or BaS0 4 : CaSO^fi'S!, aa well 
as some silica, alumina, calcium carbonate, and water, 

Uses of gypsum, celestine, and barytes,—Alabaster and mammillated gypsum 
are used as ornamental stones. Gypsum is used in the preparation of plaster of 
Paris—which is often sold under various special trade names, for wall plaster, etc. 
—and of various cements—Keene’s cement, Martin’s cement, parian cement, etc. 
Finely-ground gypsum is sold as mineral white, or terra alba, and is used aa filling 
for paper; in finishing cotton goods; in adulterating paints and various other 
substances in manufacturing crayons; etc. Gypsum is used by some breweries 
for hardening the water— brewer’$ gypsum —on the assumption that hard water 
gives better results—due, it is said, to the greater solvent action of such water on 
the albuminous matters in the malt. Gypsum is used in making some polishing 
powders; as a fertilizer for restoring sulphates to certain soils—e.p. the hop districts 
of Kent and Sussex, It is also used as a retarder for the setting of Portland cement. 
Strontianite and eelestine are the main sources of strontium compounds which Ore 
mainly used in pyrofcechny, and in the beet-sugar industry. The uses of barytes 
are mainly dependent on the fact that it is a heavy white mineral, cheap, and 
chemically inert. Precipitated barium sulphate is the btane fixe, and permanent 
while of commerce. The finest qualities are finely ground and used in the prepara¬ 
tion of white paints ; it is also used as an adulterant for white-lead in paint. Ground 
barytes—it may be water-floated, or air-elutriated—is admixed with white-lead and 
zinc oxide, and used in place of white-lead for making paint. The powdered barytes 
is also tinted with dyes and likewise used as a pigment— c.g< the para-red paints 
have 90 per cent, of barium sulphate. 15 Barytes is used in filling wall papers, 
glazed paper, rubber goods, linoleum, oil-cloth, flannel, shoddy cloth, etc. It has 
several minor uses— e.g, it is employed as a fluxing agent in certain operations. 
Barytes and witherite are the main sources of the barium compounds. 
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“ A. EL Marggraf, M£m. Acad* Berlin * 56, 1749; 144, 1750; M. E, Klaproth* Bdtrage iw 
chmischen Kenntnit der Mineralktirpcr, Berlin, 2, TO* 73, 1797 ; P. L Dulong, Ann. Chim . Phys., 
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§ 20* The Complex Sulphates ot the Alkalies and Alkaline Earths 

According to H, Muller* 1 mixtures of calcium sulphate and lithium sulphate 
form neither double aalta nor mixed crystals; the Ip. curve is of simple V-type 
descending from the m,p. of a-lithium sulphate at 874 u to the eutectic at 700 Q with 
about 18 mol per cent, of calcium sulphate* and losing to near 1350* the extrapolated 
m.p* of calcium sulphate* The cooling solid undergoes a transformation corre¬ 
sponding ifith the change to ^-lithium sulphate at 572°* 

F* Bcrthier melted together equi-molar proportions of sodium and calcium 
sulphates and obtained a mass with a fracture like chalcedony. H. Mijller obtained 
evidence of the double salt SOffllttn calcium pentwolpbate, CaS0 4 .4Na 2 S0 4 * on the 
f.p* curve of mixtures of the component salts, but he could not obtain glaubeiite* 
CaSO^Na^SO*, by fusing equimolar proportbns of the two salts, because, on cooling, 
the product dissociates into anhydrite and a eutectlcof anhydriteandCaSO^ANa^SO^ 
The last-named salt is completely miscible with sodium sulphate, and exists in one 
doubly refracting variety only—sodium sulphate alone has a transition temp, at 
233°* and 6. Calcagni and G. Mandni found that no polymorphic change is observed 
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with mixtures containing over 7 per cent, of calcium sulphate. The last named 
also measured the f.p. curve of binary mixtures of sodium and calcium sulphates, 
and found that the curve rises from 887** the f.p. of sodium sulphate to the 
maximum 949°* Fig. 48, corresponding with sodium calciiini tetrasulphate* 
CaS0^3Nl £ S0 4j ox Na fl Ca(S0 4 ) 4 , the calcium ana¬ 
logue of vanthoffite, MgS0 4 . SNa^SC^. The eutectic 
point is at 917* and 51 per cent, of sodium sul¬ 
phate corresponding with the composition of 
gltfuberite. Other double salts may exist at lower 
temp. Two liquid layers occur with mixtures 
containing 73'0-82'G per cent, of sodium sul¬ 
phate* G. Caloqgni also studied the f.p, curves 
of the binary systems, SrSG 4 —Na s S0 4 , and 
BaS0 4 —Na a S0 4 , He found a maximum on the 
m.p. curve of strontium and sodium sulphates 
corresponding with the formation of sodium 
strontium tetrasulphate, 3Na 2 SG 4 .SrSQ 4l the 
strontium analogue of vanthoffite, The addition 
of barium sulphate to sodium sulphate raises the 
m,p. of the latter from 887* to 921° for an 
addition of 21'6 molar per cent. Further proportions of barium sulphate cause 
very gradual lowering of the f.p. to 913* for a mixture containing 29 molar per 
cent. BaS0 4 . From this point the curve rises continuously to the m.p. of barium 
sulphate* which extrapolation gives as 1345°. The very flat and scarcely appreciable 
maximum shown by the curve would correspond with sodium barium heptasulphate, 
BaS0 4 .GNa a S0 4 , but double sulphates of this typo are apparently unknown. 
Between 71 and 100 per cent, Na a SG|, the curve shows a point corresponding 
with the initial crystallization, a second with the temp, of decomposition of the 
solid soln,, and a third with the temp, of transformation of sodium sulphate. Tho 
following regions are distinguished: (1) existence of the homogeneous liquid 
phase; (2) equilibrium between BaS0 4 and liquid phase; (3) existenco of solid 
soln,; (4) equilibrium between solid soln., {3) and a-NagSC^—BaS0 4 ; (5) existence 
of£-Na 2 S0 4 —BaS0 4 ; (6) equilibrium between solid sol n. (3) andjS-Na 2 S 04 ^BaS 0 4 , 

The solubility of calcium sulphate is augmented in tho presence of sodium 
sulphate* as was observed by J, H, Droeze* 0. Henry, F. K. Cameron and A. Siedell, 
etc. Expressing the amounts of salt in grams per litre, F. K. Cameron and J, F. Brea- 

zeale found, at 15°: 

* 

tf&JSG! . 2 390 0*535 14*132 24 309 46 150 94*220 146*012 257*100 

Cfl80 4 . 1*650 L‘457 1*388 1*471 1*050 1-980 2*234 2*650 

They also measured the sp. gr. of the so In. The results show that with increasing 
cone, of the more soluble salt, therefore, there is at first a decrease in the solubility 
of the calcium salt in accord with the rule for salts with a common :on, and there is 
then an increase which can be explained by the assumption that there are formed 
complexes between tho solvent and one or more of tho solutes, between the two 
solutes, or a change in the density of the solvent. P. N. Evans inferred that a 
double salt is formed in soln. because the calcium sulphate cannot bo separated 
from the sat. soln. by salting with sodium sulphate. A. Ditto was unable to isolate 
a double compound by allowing the mixed soln. to stand for some months. 

The salt sodium calcium disulphate, N& a S0 4 .CaS0 4 , or Ca(NaS0 4 ) 2 , occurs in 
nature as gfavherile. J. IVitzscho described a dihydrated form, CafNaSQ^.SHaO, 
which he prepared by heating gypsum with a small amount of water, and a large 
excess of Glauber’s salts; it was also obtained in fine needle-like crystals at ordinary 
temp, by adding gypstfm to a soln. of one part of sulphuric acid with two of a sat. 
soln. of sodium sulphate. At 80°, fine prismatic needles of dibydrated flOdbun 
calcium trisulphate, 2Na 2 S0 4+ CaS0 4 .2H 2 0, are formed, which are readily decomposed 
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by waier; but if ihe mixture be warned stiff farther he needles efgMakrik 
appear. The double salt is mi obtained by evaporating spontaneously at iwm 
temp, a soln. of sodium sulphate sat with calcium sulphate. The dehydrate Joses 
water when heated and forms the anhydrous double salt. J. B, H&nn&y, and 
C. Folkaid studied the anhydrous double salt* J. H. vaa’t Hoff and 1). Chiara- 
viglio have shown that gypsum and decahydrated sodium sulphate will form 
glauberite at 25° if the soln, be sat. with both these salts and with sodium chloride 
as well, Glaubcrite and gypsum exist together as solid phases only when deca¬ 
hydrated sodium sulphate is not also present. The double salt knot stable in the 
presence of water alone, and it breaks down into the simple salts, gypsum and 
Glauber's salt. J. H. van’t Hoff showed that the temp, of formation of glaubcrite 
is 29° when other salts are absent, but is 14 8° in the presence of sodium chlonde ; 
13 & in the presence of sodium chloride and glaserito, or sodium ayngenitej 12 c in 
the presence of sodium chloride and astracanite ; and 10'4° in the presence of 
sodium chloride, asfcracanite, and glaserite, or sodium svngenite. The prismatic 
crystals of glaubcrite belong to the monoclinic system, and, according to P. Groth, 
they have axial ratios a : b : c=l'2209 ; 1 :1'0270, and j8=112° 10J'; they have a 
sp, gr, 2'64~2'85, and a hardness of £'S to 3. According to J. Fritzsche, the crystals 
dissolve gradually in water, with the separation of gypsum ; while J, H, van’t Hoff 
and D. Chiaraviglio found that with a small proportion of water, crystals of 
Glauber’s salts and of gypsum can be detected microscopically in the residue. A 
soln. of 54 moil of Na g Cl a and 3 mole of Na^G* in 1GQ0 mote of water does not 
decompose glaubnrjto. C. W. Folkard said the crystals are insoluble in alcohol* 
and in a cone. soln. of sodium acetate, J. Fritzache observed that when heated the 
crystals lose their transparency, anti give up sodium sulphate to water, leaving 
behind calcium sulphate. J* d’Ans reported the preparation of small doubly 
refracting needle-like crystals of an acid salt, «Na 6 Ca s (SO 4 ) c , 5 H a O.Ha s H(S 04 ) 2 .H E () p 
where n ranges from 1 G to 3, F, K. Cameron, J. M. Bell, and W. 0. Robinson have 
studied the four component system, NajS0 4 —CaS0 4 —NaCl—H a 0, M. Rnderii 
found that when soln, of sodium and calcium sulphates and a base, or soln, of 
sodium sulphate and calcium hydroxide, are heated, preferably under press,, at 
a temp, over 10«P, the precipitated sodium tricaltium dihydroxyt^trasolphate, 
H& 4 Ca a (S 0 4 ),|( 0 H) 2 , is useful as a substitute for caustic alkali in treating straw 
and wood cellulose; in the preparation of bleaching liquors, formates, lacquers and 
varnishes; for liming hides, etc. There is nothing to show that the product is a 
chemical individual. 

In l&2fi, H, Braconnot found a mixture of potassium and calcium sulphate melted 
more easily than either alone, H, Muller has studied the f.p. curves of mixture* of 
potassium and calcium sulphates, and his results are illustrated by Fig. 47, a double 
salt, potassium dicalcium trkulphata, K*SG 4 .2CaS0 4 , or daaKalSOJs, melting at 
1004®, k formed, and like potassium sulphate itself, the complex salt shows enantio- 
tropic dimorphism with a transition temp, at 936°. W. Grahmann’s curve k rather 
different from H. Muller’s, since he finds that a-potsssium sulphate retains up to 
18 molar per cent, of calcium sulphate in solid soln, at high temp., but the solubility 
diminishes with falling temp., and disappears at the transition temp. The com¬ 
pound K £ S0 4 .2CaS0 4 decomposes it into jS-calcium sulphate and liquid at 1004°; 
and undergoes a polymorphic change at 938°. There are thus three breaks in the 
descending branch of the f.p. curve. W. Grahmann found that potassium and 
strontium sulphates give a similar diagram. The limits of the solid soln. at the 
eutectic temp, are 0-22 molar per cent, of SrS0 4f and potassium strontium tri- 
SUlphate* K a S0 4 .2SrS0 4 , is resolved into liquid and 0-SrSO 4 at 930*, and undergoes 
a transformation at 775°. G, Calcagni found a maximum in the f.p. curve of 
mixtures of potassium and strontium sulphates correspondmg with 90 molar per 
cent* of K a S0 4 , and a marked thermal change in the solid state corresponds with 
the formation of potassium strontium disulphate, K E S0 4 .8rS0 4 . W, Grahmann 
found no evidence of a compound with the system BaS0 4 —K E S0 4 . The first branch 
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of the f.p? curve, representing the solidification of solid soln*, passes through a 
maximum at t 1087 c . The limit of saturation is 24 molar per cent, of BaS0 4j and 
the ^-modification does not form solid bo In. According to G. Calcagni, the addition 
of barium sulphate to potassium sulphate raises the m.p. to a maximum of 1060° 
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for a concentration of 00 per cent, K 2 80 4 . As this composition would correspond 
with 14 mols of K 2 SG 4 per mol of BaSG 4 , this maximum cannot represent a com¬ 
pound of the two salts. Beyond this concentration of BaS0 4 , the m.p. falls bo 
1015° for 60 per cent, K 2 $0 4> this being the eutectic tamp. Further increase in the 
concentration of BaS0 4 is accompanied by rise of the temp, to the m,p, of the 
barium salt. The cooling curves of this system show, in general, three changes of 
direction; exceptions are that corresponding with 95 per cent. K^SO^, which 
represents *the eutectic of the decomposition curve of the solid soln., and that 
corresponding with GO per cent. K 2 S0 4p which is the eutectic mixture of the melting 
curve. Curves up to 70 per cent. K E S0 4 exhibit a point corresponding with the 
crystallization of mixed crystals, another with the decomposition of the solid soln,, 
and a third with transformation of the potassium sulphate. The curves from 
GO per cent. K 2 S0 4 to Ba80 4 show a temp, of primary separation of barium sulphate, 
a eutectic temp., and a temp, of transformation of the potassium salt. 

J. H. Droezc, and F, K. Cameron and J. K Breazeale have measured the 
solubility of calcium sulphate in sain. of potassium sulphate, and, expressing the 
results in grams per litre, the latter found at 25°: 



There are here two intersecting curves, Fig. 49 ; the upper one represents the 
solubility of calcium sulphate in a soln, of potassium sulphate, and the lower cutvo 
the solubility of syngenito, KaSO^CaStVHaO, in soln. of potassium sulphate, for 
this salt appears in soln, with ove? 32 grma, of potassium sulphate per litre. The 
triple point at the intersection of these two curves represents a soln, in equilibrium 
with both potassium sulphate and syugenibe as solid phases. 

Four d^ble sulphates of potassium and calcium have been reported: 

(i) Anhydrous potassium dicalcium trisulphate, K 3 S0 4 ,2CaS0 4 , prepared, by 
H, Muller, was stated to take up water, forming the hydrate K s S0 4 ,2CaS0 4 .4Ha0; 
A. Ditte also described the hydrate K^SO^SCaSO^3H a O. The soln. in equilibrium 
with the double salt and with solid potassium sulphate has nearly the same conn, 
of the latter salt as the soln. sat, with the double salt and gypsum. Later investi¬ 
gators have not succeeded in preparing this salt from soln. of potassium sulphate, 

(ii) Hydrated potassium calcium difltllphate, CaS0 4 .K 2 S0 4 ,H a 0, was identified as 
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a by-product is the manufacture of tartaric arid by J. A. Phillips about i860'; :i a( j 
mod afterwards it was found to be identical with the double salt associated with 
aylvine, found by V. von Zepharovich, in the Stasefurt salt deposits of KUusz, and 
• called by J. Bumpf kdmite ; but, on account of its relation withpolyhalite, V. v«„ 

Zepharovich called the salt sjptgmile— 
from wyymfcf having a common origin. 
A, Ditto reported a tefcrahydrated form 
of this salt, OaSQt^SQj.iHaO; and 
(iiij J, H. v&at BoS and A, Geiger first 
obtained hydrated potassium pentaukiuin 
hraasnlphate, K £ S0 4 .5CaS0 4 .H £ 0 J by 
boiling a precipitated ealciujn sulphate ’rfith 
a 5 per cent* soln. of potassium sul¬ 
phate. Well-formed crystals of this salt, 
resembling gypsum, then appear, 

H. Rose, J. B. Hannay, J. Grosjean, 
prepared the hydrated potassium calcium 
disulphate, syngenite, by mixing soh + of 
tho component salts. J + B, fimmet noticed 
the hardening of calcium sulphate in con¬ 
tact with eoln. of potassium carbonate or 
hydrocarbonate, while potassium nitrate 
and chloride were without action; F. Schott, 
A. Ditto, and H. Strive obtained similar 
results with potassium sulphate, and noted 
that crystals of syngenite were formed. 
They also obtained syngenite by the action 
of potassium nitrate, chloride, bromide, or iodide on gypsum, although R. Fassbender 
expressed his doubts whether syngenite can be obtained in this way Irom soln. of 
potassium chloride because his product corresponded with CaSO^K^SO^KCLHaO, 
which is probably a mixture of syngenite and potassium chloride. H. Precht 
obtained ayngenito by treating finely divided krugite with cold water-magnesium 
sulphate passes into soln,, and a mixture of gypsum and syngenite remains. J. d’Ans 
and others have prepared syngenite by the interaction of anhydrite or gypsum and a 
soln. of potassium chloride. A. C. Becquerel prepared syngenite by the action of 
potassium aluminatc on gypsum. According to J. H. van't Hoff and H. A, AVjlson, 
syngenite is best prepared by dissolving 120 gnus, of potassium sulphate in 1 (XN) grms. 
of water, and adding to this 100 c,c + of a 20 per cent, soln, of calcium chloride.' At 
first, gypsum separates out, and this is then converted into syngenite, which 
appears under the microscope in square-ended, needle-like crystals, 

W, H. Miller, and V, von Lang regarded the artificial crystals as rhombic; 
V* von Zepharovich found the crystals from Kaluss to he monoclinic. J. Rumpf 
supposed this salt in consequence to be dimorphous, but this is wrong, since both 
natural and artificial crystals are really raonoclinic prisms. V + von Zepharovich 
gave a : b: c=l‘3699 :1:U‘8738, and j3=76°; J. Rumpf, 13801:1: (V8667, and 
0=76° 9 '; and H, Schreiber, 1‘3B2:1 :0 871, and 0=75° 55', and when heated to 
200 6 , the last-named found the axial ratios changed to a ; h: c—1‘359:1 i G'894, and 
0 — 76 ° 3 '. J, Rumpf, O. Mijgge, and H. Schreiber studied the cleavage and 
twinning of tho crystals; V. von Zepharovich, and H. Schreiber, the corrosion 
figures with water, sulphuric and hydrochloric acids, and sodium hydroxide; and 
H, Schreiber, the percussion figures, pressure figures, and the scratch-figures. 
J. Rumpf gave the sp, gr, aa 2'252 at 17'5° ; V. von Zepharovich, 2‘G03 at 17‘5 ; and 
H h Schreiber, 2*579 at the same temp. The three last named also agree that the 
hardness is between 2 and 3 on Mohs 1 scale, * 

The optical properties of syngenite have*been studied by J. Rumpf, V, yon Lang, 
V. von Zepharovich, H, Schreiber, and G. Bartalini, P, Gaubert, O. Miigge, and 
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H. Schreiber measured the indices of refraction and the digpermon of the crystals. 
Using for red light A=0 70652^; for yellow, A=0'5S767/i; for green, A—O BOlBTfi; 
and for blue; A^O'47131, H* Schreiber found the results shown in Table X, for the 
influence of temp* on the refractive indices and dispersion of syngenite. 

Table X*—Effect ot Temperature on ire Refractive Indices and Dispersion of 

Bynoknite. 


Uryfetal ails 

- 

Light. 

St* 

G1 B 

itr 

JM* 

i ice* 

2tJS° 


Bed ■ ■ ■ 


1-4071 

1-4059 

i-4940 

1-4942 

1-4031 

* 

| Yellow . 

— 

1-5004 

1-4989 

1-4975 

1 *4072 

1-4901 

a 

: Gr&n . 

— 

1-5041 

1 -5028 

1-5014 

1-5011 

1-5000 



Blue 

— 

IGOGO 

1 -5047 

1-5034 

1-5031 

1-5020 



Dispersion , , 

— 

0-0089 

0 0088 

01)088 

0-0080 

0-0089 


Red 

1-5132 

15125 

1-5113 

1-5008 

1-5095 

1 5084 

l 

Yellow * 


1-5159 

15144 

1-5132 

1-5127 

15116 

fi 

Grotm . . , j 

1-5207 

1 5197 

1 5184 

1-5171 

15167 

1-5150 


Blue . . . 

D5228 

1*5218 

1 5204 

1-51U2 

1-5188 

1-5177 

* 

Dispersion , . 

0 009G 

00003 

0 0091 

00094 | 

0 0093 

0-OOE93 

j 

Red , . . ! 

15139 

1-5128 

1 ’5113 

J '5090 | 

| 1'5092 

1-5070 

1 

Yellow . j 

1’517G 

1-5LGG 

1-5148 

J-5132 ■ 

; j *5120 

15112 

Y j 

Green . 

15217 

1-52UG 

1-5188 

1-5171 ■ 

1-5187 

1-0155 


Blue * ! 

1 5240 

15228 

i 5210 

1-5194 

1-5189 

1-517G 


Dispersion 

0 (H01 

OOI00 

0 0097 

0-0008 

0-0097 

01)097 


H, Struve found that a part of the combined water is expelled at 100°, and all is 
lost at a higher temp., while at a dull red heat the crystals melt to a liquid which 
forms a crystalline mass on cooling. H. Rose found the crystals of ayngenite are 
decomposed by water leaving a residue of gypsum and a soln. of the alkali sulphate ; 
and when the crystals, dehydrated at 300*, are treated with water, they swell up to 
a voluminous mass. V. von Zepharovich said : <fi When finely powdered syngenite 
is shaken with distilled water, and quickly filtered, a clear liquid is obtained, which, 
when warmed, becomes turbid owing to the separation of gypsum, 400 port® of 
water arc needed to dissolve one part of ayngenite so that its solubility approaches 
that of gypsum.” The solubility of syngenite in aq. soln. is greater than in water* 

F* K, Cameron and J, F. Breas&eale’s solubility curve is shown in Fig. 49. A. Ditto * 
found that a soln. prepared in the cold, becomes turbid when heated to the b.p,, and 
calcium sulphate separates out* 

J. A Philips found the crystals are soluble in dil. hydrochloric acid* Analyses 
of syngemte were mado by H. Rose, F. Schott, F. Ullik, H* Vater, A, Ditte, 

V. von Zepharovich, and H. Schreiber, and the results agree with the formula, 
CaSO4.K2SO4.H4O* * 

The equilibrium conditions for aq. soln. of syngenite and potassium penta- 
sulphate have been studied by J* [I. van t Hoff and co-workers, and by J* d’Ans. 
Syngenite is stable in soln. of the proper cone, at all temp* between 0° and 170°, 
while potassium pentacalcium sulphate was not stable below 31B°* From 0° to 
31'B 5 , syngenite is the only stable double salt, above 318°; either syngenite or 
potassium pentacalcium sulphate can exist—the latter with soln. of the lower cone* 
and the former with soln. of higher cone! According to J. H. van’t Hoff, 

G. L* Yoerman, and W* C. Blaedale, the vap, press, p of the sat. soln* at 31'8° in 
presence of syngenite and gypsum is log p=log 315 b 7 —■ 1 '032fi , where 

denotes the vap, press, of water. Hence the compounds can he formed in salt 
deposits at 25*, sined the vap. press, is less than corresponds with the formula* 
Table XI indicates the cone, of potassium sulphate required to establish equi¬ 
librium with syngenite and the pentacalcium salt, at the temp* indicated. 
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Temp. 

J Mob 

f mh of 

H,0. j 

j Mohvt 
i K+SQx 

f per 10® 
gnu, cf 
sob. 


Mots 

mh ot 

h 4 o* 

»s?i 

1 . ' 

ifoUtf ptiun. 

0° 

2-1 

j 0*119 

Syngenite, gypsum. 

„_ 

_ 

_, 

35* 

3*22 

0*173 

SvnflOmtai arvusum. 

— 

—. 

— 

31*8° 

3*70 

020 

j 

Syngenite, gypsum, 
pentacalcium salt. 

370 

0*20 

Syngenite, gypsum, 
pentooaloium salt. 

40* 

4*4 

I 023 

Syngenite, penta- 
calcium salt. 

3 8 

0 203 

Syngenite, pezfta* 
calcium salt. 

00* 

6 8 

j 035 

1 

Syngenite, penW 
! calcium salt. 

2'4 

0*130 

Syngenite, pezita- 
caJcium salt. 

S3 0 

i 

00 

D’fiO 

!__ 

Syngenite, pentad 
calcium salt. 

13 

goto 

Syngenite, penta- 
calcium salt. 


The results indicated in Table XI are plotted in Fig, 50, which gives a clear idea 
of the conditions necessary for the formation and existence of these double salts. 
The equilibrium cone, of calcium sulphate for solid syngenite and gypsum, at 0* and 
25°,arc respectively 0 113 and 0'223 grm. CaS0 4 pcr 1000 mols of water or 00064 and 
0 012 mols of CaS0 4 per 1000 grms, of soln. In Tabic VIII and Fig* 35, it is of 
course assumed that sufficient time has been allowed for the soln. to attain a state 
of equilibrium. The presence of the alkali chlorides also modifies the equilibrium 
diagram, J. H> van’t Hoff and H. A. Wilson studied the equilibrium conditions of 
soln. sat. with sodium chloride as well as with soln. containing potassium chloride 
and aodium sulphate. They found at 25°: 


Solw, sat. wits Mom 

K,Cl, 

tfa a S0 4 FEft 1000 Mols H,o 

NaCl. 

555 


— 

NaCl, KC1. 

44-5 

19-5 

— 

NaCl, KOI, glaaerite 

44 

20 

4 5 

NaCl, Na^O* glaaerite . 

44’5 

10*5 

14 5 

NaCl, Na t SO* .... 

51 

— 

12*5 

NaCl, KCl, syngenite, gypsum 

40 

13*5 

— 

NaCl, N&iSO*, syngenite; glauberitc* 

47 

G*G 

14 

NaCl, syngenite, gypsum, glauberite. 

50 

0 

4 


According to E. Anderson f virtually all the sulphur in the fuel leads to the formation 
of sulphates, and in leaching ordinary cement-mill flue dust with water, soln* con- 
taining calcium and potassium sulphates are formed, and in' amounts required for 
the formation of either or both syngenite and the pentacalcium salt. There may he 
also formed carbonates and hydroxides as well as smaller quantities of magnesium 
salts. When potassium in the collected dust is largely present as chloride, and 
where sodium chloride is formed^ reactions like SfflaSO^H^Qj-f SKCMCaCJg 
+K 2 SO 4 .CflSO 4 .^0-fH a O may occur. E. An^rson and K* J* Nestell' studied the 
equilibrium conditions at 100°. 

A, Ditte has reported the formation of radiating masses of needle-like crystals 
of hydrated mbtiUum Calcium digulph&te, RbgSO^.CaSQi.i^HgO, QTrubidium- 
syngenite, when a mixed soln. of the component salts is allowed to stand in the cold. 
As salt melts at a red heat and is decomposed by water. The curve, Fig, 36, is 
considered by J, d’Ana to represent the equilibrium conditions with rubidium and 
calcium sulphates, and it is to he compared with the corresponding diagram, Fig. 50, 
for potassium sulphate. Trbhydrated rubidium dioalcium trixulphgfo, 
Rb a 80 4 .2CaS0 4 *3H E 0, takes the place of potassium pentacahium sulphate* With 
onshitn and calcium sulphate* between 0° aftd 100°, J* d’Ans was able to prepare only 
one double salt, Cttdum diealrium trisulphate, C^SQi.aCaSO^ which is very stable. 
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the inability increasing with the tamp. Attempts to prepare cmium-syngznite and 
a pentacalcpm salt were abortive* The temp- limit of the stability of the alkali 
dicaloium trisulphates falls as the mol, wt. of the alkali metal decreases. This is 
illustra^d in Table XII. 


Table XII.— Temperature of Formation ©j the Alkali CalWom Sulphates. 



I i 

| Sragerite. 

Dicalciuni suit. 

1 Pentacnldiim salt. 
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I ^ __ 
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17 ° 

74 04 

Rbg&Oj , 

4 li° 

— r f 

— 

20 ° 

— 1 

— 

7334 

Cs a SO< . 

1 
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J* d'Ans liaa investigated the influence of various foreign salts on the equilibrium 
diagrams ©f the alkali calcium sulphates The f.p. curve of mixtures of rubidium 

and calcium sulphates* Fig. 48, has been 
determined by H. Muller, and there is 
evidence of the formation of an enantio- 
tropic trimorphic rubidium dic&lctuin tri- 
sulphate, Hb i S 0 4 , 2 CaS 0 4j melting at 1043°. 
The first transition point is 91QP-9]5 D , the 
second at 787°. The double salt, caesium 
diealdum trisulphate, C^y0 4 .2CaS0 4l was 
likewise obtained by H. Muller from the 




Fig. BO.—Equilibrium Concentration of Fm. 51.—Equilibrium Concentration ol Hu- 

_:_ O-LL-i- 4-1.* .3 .. S.,| n kdU Inn thit H{flarant 


i'otiuwiiim Sulphate for the different 
Solid Phases with Calcium Sulphate. 


bidium Sulphato for the different Solid 
Phases with Calcium Sulphate* 


fused salt., J. d’Ans prepared a number of triple salts by boiling gypsum or 
a mixture of gypsum and syngenite with a cone. soln. of the sulphates of copper, 
cadmium, zinc, or nickel. He thus prepared copper ammonium calcium tetra~ 
sulphate, Ca 2 Cu(NH 4 ) 2 .( 80 j 4 . 2 Hj, 0 ; and copper potassium calcium tetra- 
lulphate, Ca a CuK 2 (S0 4 ) 4 .2H E 0. 

H. Roeef 2 noticed that a boiling cono. aq, soln. of ammonium sulphate readily 
dissolves powdered calcium sulphate, and that if an exoess of the former salt be 
employed, a soluble double salt is formed. The solubility of calcium sulphate in 
soln. of ammonium sulphate has been measured by J. H. Droeze, and by S. Cohn. It 
was shown that there is a minimum in the solubility curve. E. C. Sullivan found at 
35 °, calcium sulphate is two-thirds as enable m a soln. containing 0'1 mol pm litre, 
and twice as soluble in a soln. containing 3 mols per litre as it is in water alone. 
The sp. conductivity of a cone. soln. of ammonium sulphate is lessened by 
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* § 21* The Occurrence and Preparation ot Carbonate* of the Alkaline 

Earth* 

The occurrence of witherite, barium carbonate, and of strontianifce, strontium 
carbonate, has been already outlined. They occur in one crystalline form belonging 
to the rhombic system* Calcium carbonate occurs in nature os rhombohedral 
calcspqr, Iceland spar, or calcite and rhombic aragonite. The former is stable at 
ordinary temp., the latter is raetaatable. With the exception of quarts, the former 
variety is the most common of all the minerals. It is the lapis cakarius of Pliny* 
The class includes a aeries of minerals ranging from Iceland spar, through the lime- 
stones, marbles, and chalk. There are enormous quantities of limestone which occur 
both as original deposit and as a metamorphic mineral. Crystal of calcite arc 
commonly found wherever calcareous soln* have penetrated— e,g. in veins, cavities, 
and amygdules. The attention of physicists was early directed to the fine crystals 
of calcite largely because of E. Bartholinus, in his Experimenta crystal!* Istandici 
(Hafnim, 1609) studied the cleavage and birefringence; C. Huyghens, 1 in 1690, the 
laws of double refraction; and E, L.'ftfalus, in 1808, the polarization of light. 

Special narnta have been given to the more peculiar habiU of calcite—for instance, there 
are the so-called fog-tooth spar, nail-head spar, slate spar, and satin spar. The latter is a 
fibrous variety with a silky lustre resembling the satin spar variety of gypsum—the latter 
k harder than the former. There are several varieties of minor importance which have been 
named after some admixture, or the colour, use, or locality, and do not generally indicate 
important structural or chemical differences. For instance, dolomUic calcite contains 
magnesium carbonate; mangano-calcite, contains up to about 20 per cent, or more 
manganese carbonate in the form of mixed crystals. In fact, there appears to be a complete 
series of mixed crystals of calcspar and manganese spar. A. Breithaupt * called a specimen 
he analyzed spattaitt. A sample from Sterling with some frnoklmite and rincite was called 
calexmangite by C. U. Shepard, Ferro-calcic has ferrous carbonate and turns brown on 
exposure to air. F* JJillosevieh obtained a sample of calcite from Cape Calamita, Elba, 
with about 2 per cent, of cobalt carbonate, and it has been called cobalto-caleite; 
C. F. Rammekheig and W. Lindgren have reported samples with up to about IS por cant, of 
zinc carbonate— zmco-calcite; J. Johnston, H. Schoffel and H. Hoefer, J. S* Thomson, 
A. Lacroix, and J. N. OoUio found samples containing up to about 20 per cent* of lead carbon¬ 
ate— pfambo-calciu ; T* Thomson, and H. Vater have studied baryto catcue—z variety from 
Cumberland was called neotype by A. Breithaupt and F. A. Genth. These workers, and B, 
Doss have analyzed samples with strontium carbonate, which ate accordingly called strontia* 
caloiit, According to J* SL F* de Laaaone, the so-called Fontaindfoau limestones have GQ-ftf per 
cent, of quartz crystals; the hislopitc of 3. Kaughton, from India, is aoloured by glauconite 

The limestones are more or less impure forms of calcium carbonate; and they 
occur in many diverse forms—calcareous sinter or tufa or Inmrtim; the topkas 
of Pliny, and the lapis libartims of Pliny and Vitruvius. At the Mammoth Hot 
Springs (Yellowstone National Park), 3 the snow-white deposits from the geysers and 
hot springs form massive terraces of travertine, as the calcium carbonate, held in 
win* by carbonated water, is deposited through the escape of the carbon dioxide 
from its win. in water— tdde infra . The formation of stalactites and stalagmites in 
oaves, and the work of the so-called petrifying springs, is due to the same cause. The 
carbon dioxide may also be abstracted from the water by vegetable organisms— 
bacteria, alg®, mosses, and aquatic plants like the chara, etc., which, according to 
J* Walther, and E* J, Garwood, are active agents in the formation of limestones* 
A. Payen discussed the occurrence of calcium carbonate in plants* G. Steinmann 
has shown that the albumen present in the organic parts of aquatic animals, may, by 
fermentation, form ammonium carbonate which would precipitate ealcipm carbonate 
from calcareous waters. Calcium carbonate may also be precipitated from river 
waters charged with calcium carbonate as they enter the sea; and C, Lyeli noted 
that this is taking place in the delta of the Bhdne, and 8* Sanford, and T. W. Vaughan, 
along the coast of Florida. Limestone is mode up of shells and corals, and the 
orgyiio remains may be conspicuous or they may be quite-obliterated* Chalk is 
derived from marine ooze. Pearls ore largely composed of calcium carbonate 
deposited by the oyster about an invading parasite. 
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The sar^dy, argillaceous, glauconitic, femtgintma, phoepkatic, and bituminous limestone* 
owe their names to the corresponding impurities. The so-called Jatid limestone or atinkstmt 
owes its name to the presence of hydrogen sulphide, which escapee when the atone la struck 
or bruised, B, J. Harrington found a bed of calcite in Chatham [Canada) with 0-016 per 
cent, of hydrogen sulphide eq. to 600 c. ina. par a. foot, W. Bkey made a ai mi le*- observation. 

B 

Limestones am formed in various ways, but in all cases the primary action 
involves the separation of calcium carbonate from its soln. in fresh or salt water. 
Oceanic ooze may form a soft substance like chalk or a mixture of the same with 
qpnd or clay; fragments of coral may be broken into fine granules by the waves, 
and subsequently cemented by the soln. and redeposition of calcium carbonate to 
form massive coralline limestone containing, in the samples examined by 
S. i*. Sharpies, 4 95 37-98 07 per cent* of calcium carbonate, and 0*28-0*84 per cent, 
of calcium phoSphate, with a little organic and earthy matter. Many fossil corals 
are found in the limestones of Devon. Masses of shell fragments may likewise be 
cemented, as in the case of the coralline limestone, by the soln, and redeposition of 
calcium carbonate, so as to form a massive rock suitable for building purposes— 
e.g, shell limestone, coquina, oolitic iimrMtme, etc. Fragments of limestone cemented 
together by the soln, and deposition of calcium carbonate, or other infiltrations form 
breed®. Some have the fragments of different colour, and arc used as ornamental 
stones; fuMing-slone marble has rounded pebbles likewise cemented together. 

Calcium carbonate may be transported an uilt, and solidify to a smooth fiue.gru.jned 
rock- --Crtfr lithographic litneatone is a fine-grained compact rock of uniform texture and 
composition. The lithographic stono from tho neighbourhood of Sulunhufoxi, near Munich 
{Germany), is specially prized— it readily rvucivoa delicate markings from engraver’s tools, 
and by etching ucidf, and it is porous enough to receive and retain the greasy preparation 
used by the lithographer in transferring and printing. Limestones may have boon buried 
under other sediments, whereby they become mere or loss modified; the fossils are more or 
Less obliterated, and in the extreme ease, a crystalline limestone may be produced. Crystal* 
line limestone or marble may bo produced from apparently amorphous calcium carbonate, 
by press, alone, by heat alone, or by the two agents acting together. The fine-grained white 
statuary Carrara ? narblc from quarries at Monte Crestola and Monte Sagro in Italy, end 
the pa nan marble from the Isle of Paros, ore of great historical interest. There are numerous 
other varieties of white, coloured, and mottled marbles. The ornamental nature of the 
atone is dependent on variations in colour and texture produced by impurities or inclusions*— 
e.g. ferric oxide, mud, day, etc. Some marbles have the remain^ ot various fossil shells— 
e.p. the pannodi-marti is a block marble with white fossil shells ; the vrrd-antique martfe is 
clouded with green serpentine inclusions , the so-called onyxonarblc# ; tho fire marble, etc. 

Aragonite is a variety of calcium carbonate which was named after the locality, 
Aragon (Spain), where it was first found* It crystallize*} in a system different from 
oalcite, and it was the earliest known case of dimorphism in the mineral kingdom. 
In 1788, M. H, Klaproth showed that the two minerals had the same chemical com¬ 
position, but this was untested by R. J. Haiiy and others, who were confused by a 
too rigid interpretation of the hypothesis that every crystalline aubstanco of definite 
chemical composition has a characteristic and specific form. H, Stromeyer suggested 
that the dimorphism is due to the presence of a little strontium in aragonite, but 
J. W* Dobereiner, C. F. Bucholz and K. F, TV. Meissner, and others showed thdt 
strontium ifi not always a constituent of aragonite. The examples of polymorphism 
established by E. Mitscherlich rendered it necessary to recognize that polymorphism 
is*a specific property. Aragonite is less common than calcifce, and it is not always 
possible to distinguish with certainty the massive forms of these two minerals if the 
cleavage or sp. gr, cannot be determined. Many concretionary and stolaotitic 
forms of cakdum carbonate are regarded as aragonite— e<g. the pisolites deposited 
from the hot springs of Carlsbad (Bohemia); and the white stalactites known as 
floe f&tri from the iron mines of Kidfenerz (Styria). The pisolitie carbonate formed 
at the hot springs of Hammam-Meskotitine (Algeria) was regarded by A. Lacroix 
as a specific variety to which he gave the name ktypeite, but H. Vater identified it 
with aragonite, J. Dreger found aragonite separates from the mineral waters of 
Rohitsoh, 
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Aooording to W. Meigen,* aragonite is coloured lilac when immersed in asotfi. of cobalt 
nitrate, and the colour persists on boiling ; calcite tinder similar conditions remains white in 
the cold, and is coloured blue on long boiling. Aragonite gives a dark greenish precipitate 
of ferrous hydroxide when immersed in a coin, of ferrous sulphate, while calcite under similar 
conditions gives a yellow precipitate of ferric hydroxide. G. Fanehionco says that in the 
ferrous sulphate test, the precipitates are carbonates not hydroxides; and W. Diesel has 
further discussed this test. S. J. Thugutt has studied the colour discriminations based on 
organic dyes. J. Kendall found the ep. gr, of vaterite to he identical with that of aragonite ; 
and he attributed the higher values for the solubility to the retention of the last trace of 
carbon dioxide by the sobo. 

K. Lang 7 reported a monoclinic variety of calcium carbonate occurring as rock- 
milk } of a texture resembling mould or cotton-wool, as a coating on the crevices of 
the calcareous tufa near Horb (Wurtemberg). He called it lublmte. 0. Mufege, 
however, showed that lublinite is merely a pseudomorph of calcite after organic 
remains, and is not a species. H. Vater prepared spherical aggregates of feebly 
birefringent crystals of calcium carbonate. We know very little about this form 
except that it belongs to a system with two optical axes; it generally appears in 
sphaSrolites, rarely in needles; it has a feeble double refraction; and like aragonite, 
it is stained blue by cobalt aoln. in a few minutes; and its sp. gr. is about 2 r fi. 
G. Linck called it vatmte* J, Johnstone and co-workcrs say that vaterito is not 
really a definite form of calcium carbonate; sines its peculiar properties are due to 
differences in the sire of grain and state of aggregation. 0. Biitschli has also pre¬ 
pared an isotropic, gelatinous form —colloidal calcium carbonate—hy adding potas¬ 
sium carbonate to a soln. of calcium acetate mixed with the white of an egg. The 
precipitate was washed with alcohol. It is quite stable when dry, but between 200° 
and 230* it rapidly changes into calcite, J. Johnstone and co-workers say that like 
vaterite it is not really a definite form of calcium carbonate, and for similar reasons. 
L, Bondonneau also obtained gelatinous calcium carbonate by passing carbon 
dioxide into a soln. of lime in sugar mixed with sodium chloride or nitrate, 

J, Johnstone and co-workers say that another crystalline form, ji-CaCOg, is 
produced by precipitation at 60 °; it is always accompanied by calcite or aragonite 
from which it can be separated by flotation in a liquid of sp. gr. 2'6, since its sp, gr. 
is 2*54 while the other forms have sp. gr. respectively 2'71 and 2’88. The micro¬ 
scopic plates belong to the hexagonal system. The refractive indices are 1‘550 and 
T650. It persists indefinitely when dry, but when heated passes into calcite. 

As indicated by M. J. Schleiden, A. Payen, and J, Bacon, calcite occurs in 
the cellular tissue of many phaneregamia— eg. cycadaceee and cactaceee. The 
lithothamnia seaweeds have a framework or skeleton of calcite; and the halimeda 
contain aragonite. Calcium carbonate is found along with calcium phosphate in 
the bones of the vertebrata; in egg-shells; and in corals, and the skeletons of the 
invertebrata— e.g. Crustacea, mollusca, gastropoda, etc, A.'Kelly supposed that a 
distinct crystalline variety of calcium carbonate is found in the shells of many 
mollusca, and called it conchiU; but R. Brauns and H. Vater identified Kelly's 
conohite with aragonite as was previously supposed. 

H, C, Sorby showed that shells composed of aragonite are comparatively rare as 
fossils, and V. Cornish and P. F. Kendall found that carbonated waters decompose 
and disintegrate shells of aragonite much more readily than those of calcite, but the 
difference is attributed rather to structure than to constitution. P. F. Kendall 
found the shells of the pteropoda are mainly aragonite, and they disappear below 
1500 fathoms depth, while the calcite shells of the globigerina are found in the ooze 
at 2925 fathoms. The upper chalk of England contains only calcite organisms, and 
P. F, Kendall infers that it was deposited at a depth of at least 1500 fathoms—this 
is based on the assumption that no aragonite has been converted to calcite subsequent 
to its deposition. G. Linck has shown that while recent deposits of the oolites are 
composed of aragonite, the older occurrences are calcific; awl he assumes that the 
oolites were originally deposited as araghnite and subsequently converted to the 
more stable caloite, Some shells have a principal mass of calcite with a pearly layer 
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of aragonite; and other associations oi these two forms of calcium carbonate am 
found. During the fossilization of these shells, the aragonite is generally destroyed 
while the calcite is preserved. The direct separation of calcium carbonate as calcite 
or aragonite by precipitation is largely conditioned by the temp,, and maybe other 
conditions* 

Dry calcium oxide does not absorb carbon dioxide provided moisture be excluded* 
In 1773, J* B. M. Bucquet s said: 

* Jo conchas qu’il na Huftit pas da rendro h Ifl clirtux da l h mr fixe pour la convert ir on erflie, 
qu’il faut un inWmAde pour quo cotta union so fasso* cfc que cot interm^de est l o&u. 

Wljen calcium oxide absorbs carbon dioxide from the air, moisture is simultaneously 
absorbed. J. Kolb and H. Pehray showed that the dried oxides or hydroxides of 
calcium, barium, magnesium, sodium, and potassium do not increase in weight in an 
atm, of dry carbon dioxide. The action was studied by H. Rose, A. R* Schulat- 
schenko, F. M* Raoult, K. Birabaum and M. Mahu, etc., as previously indicated in 
connection with the action of this gas on calcium oxide ; and the reversible reaction ; 
Ca0-fC0 3 =CaC0^ ? has been discussed in connection with the preparation of calcium 
oxide. According to F. M. Raoult, the absorption of carbon dioxide by calcium, 
strontium, and barium oxides proceeds rapidly at 550°, and the temp, rises to 1100 s , 
10(50°, and 1200 s with the respective oxides. According to P* Rohland,® the 
immeasurably slow reaction between dried carbon dioxide anti dried calcium 
hydroxide is augmented if one per cent, of water be present. A. R. Sehulafcacbenko 
found that moist carbon dioxide is more slowly absorbed by calcium hydroxide at 
360° than it is at 16°. Moist calcium hydroxide and lime-water rapidly absorb 
carbon dioxide ; and W. Welters has studied the action of carbon dioxide on milk 
of lime. According to H. Rose, and €. Scheibler, dry carbon dioxide is not absorbed 
by dried barium oxide, hydroxide, or monohydrated hydroxide. The ges, however, 
is rapidly Absorbed if moisture be present— c.g. carbon dioxide is rapidly absorbed 
from, the air. According to 0. Schciblei, if carbon dioxide is passed over the 
hydroxides of calcium, strontium, and barium, any excess of water will be removed, 
and the gas thus moistened will act on the hydroxides with the formation of car¬ 
bonate, hut the reaction is not complete oven with the octohydrates ■ he added that 
the use of carbon dioxide to remove water from the hydroxides or oxides of the 
alkaline earths does not work as an analytical method. C. Heycr took the contrary 
view; he found that dry monohydrated strontium hydroxide is completely con¬ 
verted into carbonate by dry carbon dioxide, but only traces of carbon dioxide are 
abashed by the dry hydroxide. R. Finkener held that a basic carbonate is formed 
when dry carbon dioxide is passed over monohydrated strontium hydroxide, but 
C. Hoyer holds that R. ( Finkencr 7 s product is merely a mixture of partially carbonated 
hydroxide. 

According to H. A. von Vogel, 10 carbon dioxide precipitates amorphous calcium 
carbonate from lime-water, but on standing the precipitate becomes crystalline ; 
and M* Pettenkofer showed that the crystallization is retarded if an excess of 
calcium hydroxide be present* He also showed that when air containing carbon 
dioxide, or an aq. soln. of that gflts, is added to lime-water, an appreciable time 
elapses before the soln* becomes turbid, and ho believes that this is due to the forma¬ 
tion of a soluble carbonate* Q. Rose found that if a little carbon dioxide is passed 
into a cold soln. of calcium hydroxide, calcite ia formed, and aragonite if the sob* is 
hot. Similalt products were respectively obtained by exposing cold and hot soln. 
to the carbon dioxide of the atm* He reported that calcite is obtained by the action 
of carbon dioxide on lime-water bel#w 30° ; aragonite at temp, above 90° ; while a 
mixture of the two is obtained at intermediate temp. He further found that a cone, 
and warm soln* of calcium hydroxide furnishes calcite when treated with carbon 
dioxide; while a very dll. soln. at ordinary temp* furnishes aragonite* H* Watson 
found that if the liquid from which the calcium carbonate is precipitated is above 
30 s , aragonite is formed, if belo^ that temp., calcite, and this whether the soln* be. 
vol. nr, 3 a 
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seeded with these minerals or not. L, Boon made calcium carbonate by spraying 
milk of lime in an atm. containing carbon dioxide; X Faldner dissolved quicklime 
in a sola, of an ammonium salt, removed the impurities by precipitation and 
filtration, and saturated the liquid with carbon dioxide under press, so ag to pre* 
ripitate the carbonate, and regenerate the ammonium salt. 

The addition of an ammonium carbonate soln. to a cold coin, of calcium chloride 
furnishes a voluminous flocoulent precipitate of calcium carbonate which, according 
to G. Rose, 11 if immediately filtered and dried, appears under the microscope to 
consist of opaque granules like grains of chalk; but if this same precipitate be left 
for some time in contact with the liquid from which it has been precipitated, it 
collects into microscopic crystals of calcite, Again, if the boiling soln, of ammonium 
carbonate be added to one of calcium chloride, the precipitate consists of aragonite 
mixed with a little calcite, while if the admixture be made in the reverse order, small 
crystals of aragonite are alone obtained. If the crystals he not immediately 
collected on a filter, washed, and dried, but allowed to remain in the eold mother 
liquid for about a week, they are completely converted into calcite. The trans¬ 
formation goes more slowly under water. 0. Kndfier stated that if precipitated 
above 17°, the grains of calcium carbonate are crystalline and not amorphous, 
and J. L, Smith added that in order to get as dense a precipitate as possible 
the soln. should be warmed at least to 70°. R. Fresenius showed that ammonium 
carbonate is retained very tenaciously by the precipitated carbonate. According to 
E, Drechsel, if commercial ammonium carbonate bo used a* precipitant, some 
soluble calcium carbonate will be formed. 0. Knbfter also found that if strontium 
or barium carbonate be precipitated below 0 D it is crystalline. According to 
M. Adler, the precipitation of calcium carbonate as aragonite is determined by the 
temp, of the soln., the conc r , the nature of the atm, in which the precipitation is 
made, and by the press. In the preparation of calcium carbonate from soln. of 
calcium chloride and ammonium carbonate, the temp, at which the aragonite-form 
is converted into the calcite-f orm is increased to a much greater extent by an increase 
in the cone, of the calcium chloride. Using the ammonium carbonate of such a cone, 
that on adding the calcium chloride a thick, gelatinous mass is obtained, the limit of 
temp, for the ammonium carbonate soln. is 32* whilst the calcium chloride may be 
used boiling. With dil. soln. at the same temp., the aragonite crystals are at once 
converted into calcite ; the limit of temp, for weak soln, is 22*, and the lower the 
temp, the smaller and more stable are the crystals of aragonite. The presence of 
carbonic anhydride in the soln. determines the formation of calcite, and this explains 
the formation of calcite when the ammonium carbonate is at a high temp,, as jt is 
then decomposed, with the formation of carbonic anhydride. Precipitated aragonite- 
when subjected to a press, of fi-6 atm,, is converted into cglrite. The aragonite, 
form is more stable when the soln. is alkaline with an excess of ammonium carbonate, 
and also when the precipitate is washed with water containing calcium sulphate 
instead of with pure water. When the aragonite prepared from calcium chloride 
and ammonium carbonate is separated from the mother liquor and heated to 60°, it 
is converted into calcite ; on the other hand, the aragonite precipitated by sodium 
carbonate can be heated to 100° without change. 1 H. A, von Vogel obtained similar 
results with ammonium carbonate and soln. of barium chloride as he obtained with 
potassium hydrocarbonate. 

Calcium carbonate is likewise precipitated when an alkali carbonate is added to 
a soln. of a calcium salt. J. J. Berzelius emphasized the fact that when calcium 
carbonate is precipitated by an alkali carbonate, the latter is retained very 
tenaciously; and in order to remove the adsorbed alkali, C. Heyer recommended 
calcining the precipitate until it begins to sinter, and then extracting the adsorbed 
alkali with water—-ntde the double alkali and calcium carbqnates. According to 
H. Rose, if a soln, of potassium hydrocarbonate in 20 parte of water be added to 
an eq. soln, of barium chloride, one-fourth of the precipitate formed redissolves. 
The barium carbonate separates when the win,, is allowed to et&nd^and when 
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an excess of the precipitant is used. Similar results were obtained with a calcium 
salt and potassium hydrocarbonate, J. B. J. D. Boussmgault studied the re¬ 
action, and C* J. B. Karsten found that if barium hydroxide be added to a cone, 
soln. of potassium carbonate no precipitation occurs; but if the soln. he diluted, 
barium carbonate separates out. X Bevad 12 attempted to measure the rate oi 
formation of the carbonates of the alkaline earths under different conditions by the 
action of lithium, sodium, and potassium carbonates on soln. of the corresponding 
chlorides. He concluded that the speed of formation of the carbonates is greatest 
dliring the first Jive minutes, and it increases at the same rate as the quantity of 
insoluble salt formed and as the cone, of the salt used for the precipitation increases 
in $he direction from lithium to potassium, and from calcium to barium. The 
average speeds of the reactions after the first five minutes decrease rapidly with, 
increasing cone, of the alkali carbonate, and in the direction from lithium to 
potassium, and from calcium to barium. The equilibrium conditions between soln, 
of calcium chloride and sodium carbonate have been studied by M, M. F* Muir ; and 
between barium chloride and sodium carbonate by J. Morris. The reaction : 
Na a CQ 3 4 i Ca(OH) a ^CaCC^+2NaOH, has been discussed in connection with the 
caustification of sodium carbonate. 

According to G. Rose, if dil. soln. of calcium chloride and sodium carbonate 
are allowed to diffuse slowly into one another, crystals of aragonite are formed; 
while if cone, soln, be employed, crystals of calcite are produced* If boiling sob. 
of the two salts are mixed, aragonite is precipitated; P. Hatting obtained similar 
results. G, Rose further found that if the turbid liquid obtained by mixing calcium 
chloride and sodium hydrocarbonate be boiled, calcite is formed. F. Senft evapo¬ 
rated soln. of calcium carbonate in ammonium crenate, and obtained crystals of 
calcite ; while calcite was deposited from soln* of the carbonate in aq. carbonic 
acid* L, M. Michel obtained aragonite by the slow evaporation of a soln. of calcium 
hydrocarbJnate in water sat. with carbon dioxide. Crystals of strontianite and 
witherite can bo prepared in a similar way. In opposition to G, Rose, H. Crednor, 
etc*, H. Yatcr found that while aq. soln. below 30 a always gave trigonal calcite, 
hot soln., particularly when cooled rapidly, gave rhombic aragonite ; he observed 
that when the soln. contained calcium, sodium, and potassium sulphates, 
chlorides, nitrates, hydrocarbonates, etc., calcite, never aragonite, crystals 
were always obtained. F. Vetter studied the effect of seeding the crystal¬ 
lizing soln* with aragonite, and found that aragonite does not crystallize from 
the soln. if the temp, is below 30°; while the seeding of a soln, above 30° 
witK calcite, hinders the formation of aragonite and furnishes calcite crystals* 

L. Bourgeois heated precipitated calcium carbonate with ammonium chloride 
or nitrate, urea, and yrator in a sealed tube at 150 Q -180°, and obtained crystals 
of calcite and aragonite ; and when the urea was omitted, crystals of culcito 
alone appeared. He also made crystals of strontianito and witherite by a similar 
method. C. Friedel and E. Sarasin heated precipitated calcium carbonate with 
an aq. soln, of calcium chloride in a sealed steel tube for 10 hrs. at 500% and obtained 
large crystals of calcite ; the formation of aragonite was not observed. M, Klein- 
stuck obtained crystals of calcite heating precipitated and well-washed calcium 
carbonate with a neutral soln, of calcium chloride. A. C, Becquerel found that 
crystals of calcite were formed on a crystal of gypsum which has been for 20 years 
in contact with a soln, of potassium carbonate, and aragonite crystals with a soln, 
of potassium^hydrocarbonate ; A, C. Becquerel also obtained crystals of calcite by 
leaving gypsum in contact with a soln. of sodium hydrocarbonate of sp* gr* l'014 r 
and aragonite with a soln. of the same salt of sp, gr. 1*036-1 043, M. Miron and 

M. Bruneau observed that when a river-water was used to work an aspirator sucking 
air charged with ammonia gas, the ammonia neutralized the free carbonic acid in 
the water, and the calcium carbonate, previously held in soln., was deposited in the 
exit tube in the form of crystals of calcite* Crystals of witherite are obtained in 
a similar way by using a soln, o{ barium carbonate in water charged with carbon 
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dioxide, J, Zoega, H. Dravermaun, H, Vohl, and H. Vater prepared tfiystals of 
calcite or witherite by the slow admixture of the required solm J. Zoega suspended 
a bag containing crystalled baryta in a mixed soln, of baryta-water and potassium 
hydroxide, and allowed the air to act thereon, Calcite crystals wore obtained 
in an analogous manner. According to H. Credner, the presence of a little lead 
or strontium carbonate, or calcium sulphate, favours the formation of aragonite. 
M. Bauer used soln. containing a little barium carbonate, F* Cornu obtained 
aragonite by crystallization from aq. soln, of calcium carbonate in carbonic acid 
containing a little manganese sulphate; H. Leitmcier found other readily dissociated 
salts— (i,g, magnesium chloride—act similarly. Crystals of calcite, aragonite, 
and dolomite are formed when a soln. of calcium carbonate in water sat, with 
carbon dioxide is mixed with some magnesium chloride or sulphate and kept* at 
2 C , 20°, and 90°. A larger proportion of aragonite is formed at the higher temp. 
H. Leitmeier said that only the rhombic form crystallizes from a soln. of 
calcium hydrocarbonate containing magnesium sulphate; at 20°, the ratio 
is H 2 0: CaC0 5 : MgS 04 . 7 H 2 0 = 1000 : 1 : 10 . W. Meigen and E, Hafcschek have 
studied the crystallization of calcite and aragonite from sob. of calcium chloride 
and various carbonates. According to G. Rose, if a little chalk, calcito, aragonite, 
or calcium chloride be dissolved in a molten mixture of sodium and potassium 
carbonates, and the cold mass extracted with water, a granular mass is obtained 
which forms calcito crystals on standing 24 hrs. in the cold, whereas if the soln, 
be boiled, aragonite crystals appear* L. Bourgeois obtained crystals of calcite 
from a soln. of calcium carbonate in a fused mixture of sodium and potassium 
chlorides. Crystals of strontianite and witherite were prepared in a similar manner. 

G. Linck 13 represents the transformations of the different forms of calcium 
carbonate by the scheme : 


('ULECTDAL TALCrrM CARBONATE. 


Aragonite 
in solutions 

4 

which makes it appear as if calcite is tbe stable form at ordinary temp. The 
phases aragonite and calcite are monotropic for they present a case where the 
two alio tropic forms can remain in contact with one another without undergoing 
transformation, so that it is not clear which of the two forms is tho more 
stable. If the denser form aragonite be heated to about 400*, E, Mitsoherlich, and 
G. Rose found that it posses into the less dense calcite, but on cooling,, the reverse 
transformation does not occur. Both calcite and aragonite crystallize at ordinary 
press, from solvents. G. Rose, and O. Mugge have shown that the transformation 
of aragonite into calcite proceeds very slowly at 410°, and even as low as 400°; 
and at 470° H, E. Boeke converted aragonite from Bilin into calcite. The velocity 
of transformation of calcite to aragonite was found by H. L + J, Backstrdm to be zero 
for a considerable range of temp., and also decreases with time, so that the law for 
heterogeneous reactions docs not apply. P, N. I^ischtschenko found the heats of cool¬ 
ing of aragonite and calcite are the same up to 455*; between 445° and 465° the value 
for aragonite is greater than for calcite ; and the difference increases with the temp. 
Above 465° the difference becomes less, apd at 470° the two values are identical, 
thus showing that the transformation of aragonite into calcite begins at 445° and 
is completed at 470 c * The beginning of the transformation is characterized by the 


v 

Calcite 


I 

(spnntjuieoufl) 

V ^ 

V atkkite 

l 

Abac unite 

I 

nt 400 ° 

( Ialcite 



THE ALKALINE EARTHS 


821 


crystals becoming turbid, and the turbidity disappears at 470°. The sp. gr. deter¬ 
minations atidifferent temp, are in harmony with this conclusion. It is therefore 
inferred that at temp. exceiMling 470°, calcitc is alone stable at atm, press. 
H, E, Bqske showed that pseudomorphs of ealeite after aragonite are formed above 
470°. H, W. Foote showed that at a temp, of about 100°, caicite is probably more 
stable than aragonite, Gk Tammann suggested that the transformations with 
aragonite and caicite resemble those with phenol, and illustrated them diagram- 
luatically by curves resembling Fig. 53 , If the temp. 0 

exceeds the limits AC, aragonite is converted into i 

caicite; and caicite is converted into aragonite if the 1 ^ 

ten^p. exceeds BC, and CD r^pmumtH the efteet of p ^ 
press, on the tt'ansition temp.Aragonite^Calcite. ^ 

TI, W, Foote believes that caicite is the stable form; £ 
his argument is based on the general observation that 
of two modifications of the same substance the more J 
soluble variety is usually the leas stable ; aragonite is 
more soluble than caicite; and is therefore the less ^ 
stable form. Usually also that modification which is 
stable at the higher temp, has the lower density— 

sulphur, mercuric iodide, silica, etc,—here, ara- f 

gonite, the denser form, is that which is stable at the 
higher temp. Several other examples arc known— Pressure *—► 

e. 0 . arsenious oxide, antimonious oxide, potassium Vvs. f>;^ Zone* c >i Stability 
calcium chromate, phosphorus, arsenic, etc. W. Vaubcl of tWite mul Aragonite 
assumed that aragonite contains a little basic car¬ 
bonate, CO^O.Oa.Oll)^ in order to explain the difference in the behaviour oF 
aragonite and caicite; but H. Lcitmeier showed that this hypothesis is not valid. 
J. Johnstone and co-workcrs say that while aragonite dots net change at an 


'VS. &J.‘ -Zones c >i Stability 
of tWite and Aragonite 


appreciable rate into caicite below 4(KJ°, yet caicite ia tlie stable form at ordirimy 
press, below fl70 D , at which temp, it changes irreversibly into ct-CaCOy. There 
aie indications that aragonite has a stable Held of existence below 

According to M. Rivi£re, u if carbon dioxide be passed into an aq. soln, of 
barium sulphide, barium carbonate and hydrosulphide are first formed: ilBaS-r H a O 
+CO a =BaCQ J +Ba(SH) 11 ; and the hydrosulphide is then decomposed: Bn( 8 H)jj 
+H s 0 -bC 0 a =BaC 0 3 + 2 H 2 S. The second reaction was found by A. Rcheurer- 
Kestnor to be very slow ; and the product always contained sulphur. According 
to It W. V. Wackenroder, the precipitated barium cnrlmnate will be free from 
sulphur if the barium sulphide be mixed with an uq, amount of calcium chloride and 
the carbon dioxide be passed into the boiling sol n, C. F. Claus also converted barium 
or strontium sulphide into carbonate by boiling it with magnesium chloride to get rid 
of the hydrogen sulphide, and afterwards treating the liquor with carbon dioxide to 
precipitate strontium carbonate. H, W. F. Wackenroder digested the sulphide with 
a soln. of calcium chloride and then passed carbon dioxide into the boiling ftoln. 


The first stage in the conversion of fiativo barium sulphate to carbonate usually involves 
the reduction of the sulphate to sulphide by heating it with carbonaceous matters as indi¬ 
cated in connection with barium oxide, C. F. BuchoLz calcined a mixture of heavy spar, 
carbon, and sodium chloride ; A, Dufloa used a mixture of heavy spar, curbing and sodium 
sulphate; E. F. Anthon used a mixture of heavy spar, carbon, and potassium carbonate ; 
H. W. F. Wdfckonroder calcined the heavy spar with carbon, and extracted the soluble 
matter with a soln. of sugar. Barium saoolmrate was precipitated by boiling the soln., 
and by treatment with carbon dioxide was transformed into a soln. of sugar and a precipi¬ 
tate of barium carbonate. The mother*liquid from the barium saccharate was evaporated 
to dryness and calcined for banuzn carbonate- W. H. Brealer claimed a quantitative 
yield by treating strontium sulphate in the presence of water and alkali carbonate, at 17& p , 
with carbon dioxide untler press- F. Uiirtner treated strontium sulphate and a soln, of 
sodium phenolate with carbon dioxide undbr press. E. A. Me bus and .T, W. Decflatro 
digested the finely ground sulphate with a soln. of ammonium carbonate ; F. G. Bolton 
treated the moist finely ground sulyhate with a mixture of carbon dioxide and ammonia- 
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D, Urquhart and W, A, Rowell treated barium or strontium sulphate with socliam sulphate 
and sulphite, and heated the mixture with sodium carbonate. H. Grouvm ignited a mixture 
of the sulphate with Ooal^dust and potassium magnesium sulphate, and extracted the maw 
with water- The strontium in aoln. was precipitated with carbon dioxide. 

0. Brunner 15 made barium carbonate by calcining a mixture of bafinm and 
sodium chlorides with sodium carbonate ; and L. G. G. Daudenart and E. Verbert 
treated a soln. of barium chloride with magnesium carbonate, and passed in carbon 
dioxide- W. Spring obtained crystals oi barium carbonate by fusing barium 
sulphate with sodium carbonate; and also by compressing a mixture of the dry 
salts at bOQU atm, J, H. MacMahon obtained barium carbonate by adding barium 
sulphide to the ammonium hydrocarbonate obtained from the liquor in the 
ammonia-soda process, , * 

The following might appear to be a logical corollary from Bertholet’s law 
(1- 7* 5), Chemical r&tdions proceed whclly m one direction when one of th$ pro¬ 
ducts of the reaction is more mlahlc or Ices soluble than the others and separates 
from the sphere of the reaction. It is, however, necessary to apply caution, for while 
potash will completely precipitate mscdtt&te copper hydroxide from soln. of copper 
sulphate, potash docs not precipitate insoluble mercuric oxide from soln, of mercuric 
cyanide—probably because of the formation of a soluble double salt. Similarly, 
potassium oxalate will completely precipitate insoluble calcium oxalate from soln, 
of calcium chloride, but potassium oxalate will not precipitate insoluble mercuric 
oxalate from soln. of mercuric chloride. Again, insoluble barium sulphate is attached 
by sodium carbonate, BaS 04 *„ii 4 H-Na i C 0 3 M] | ]li rfIaC 0 3 ; ir( iw J-Na^SO^^, so that the 
reaction appears slightly reversible, even at comparatively low temp. When sodium 
carbonate is fused with barium sulphate, the latter is converted into the carbonate. 

In 1819* J, F. Daniel! ltf obtained from a sugar refinery, rhombobetlral crystals 
of a hydrated calcium carbonate. T. Scheercr found in a running stream some 
small rbombohedral crystals which* when dried between fitter-papr* bad a compo¬ 
sition corresponding with pcMahydraled calcium carbonate, CaCO^bH^O, E. Pfeiffer, 
W. F, Salm-Horstmur* and C. F* Rammelsberg found similar crystals, A. C. Bcc- 
querel obtained similar crystals on the platinum anode by the electrolysis of a soln. 
of lime in sugar; and T t J, Felouze obtained these crystals by boiling one part 
of lime with three parts of sugar—lactose, gum, or starch—and six of water* and 
then exposing the soln. in a cold place for some six muntbe. T, S. Hunt dissolved 
freshly precipitated calcium and magnesium carbonates in an aq. soln. of calcium 
chloride, or magnesium sulphate, and found crystals of the hydrated calcium 
carbonate gradually deposited while the magnesium carbonate remained in soln. 
J, Roth used a soln. of sodium hydrocarbonate aw solvent, 

0. Blitflchli obtained crystals corresponding with, htidah^rofed Cftlcium carbon* 
ate, CaOCkj.OH^O, from soln. containing the blood of the cray fish at 0°, and 
W. Bicdermann similarly obtained monoclinic crystals which rapidly passed into 
the monohydrate on exposure to air, H. Vetter obtained the hexahydrate from 
sea-water containing calcium hydrocarbonate and magnesium salts. J, Johnstone 
and co-workers made it by precipitation from an alkaline soln, at (f. t The mono- 
clinic crystals have the axial ratios a :b : c=1V2:1: ?, The refractive indices are 
a^l-460; 0=1‘&35; and 

K + Kosmann described u Silesian mineral as hydroculctic, for when dried over 
sulphuric acid, it corresponded with dihydrated calcium carbonate, CaCOg.2HjO, 
In 1905, L, Iwanoff described a monoclinic or trie Utile mineral from New Alexandria 
(Russia) with the composition CaCQj.raHaG, where n is not less than 3. According to 
N, Krischtofowit.scJi* this mineral was described in 1872 by K. Jurkiewicx as 
Katkschamn* P. Tsehirwinaky found that L. Iwanoff’a mineral is trihydrated 
calcium carbonate* CaCGs.3H s O, or trihydrocalcite. J. Morozewioz has also made 
observations on the same mineral. With indecisive evidence of this nature, it 
appears as if there is a di~ or tri-hydrocalcite, and a penta- or hexa-hydrocalcite, 
or possibly mixtures of colloidal calcium carbonate with the anhydrous salt. 
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§ 32. The Solubility of the Carbonates of the Alkaline Earths 

Calcium carbonate is but sparingly soluble in water and it* solubility in dificreut 
aolvente baa attracted much attention on account of the bedring of the results en 
geological proceesea, and on the nature of soil soln. Determinations were made 
by C. Wettzien, 1 A. Cosaa, T. Schlosing, L. F. Caro, A. W. von Hofmann, ft, Irvine 
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and G. Yorng, W. S.Andereoii, N. Ljuba™, E. Pollacci, ate, Th» reported 
numbers for the solubility of calcium carbonate in water in contact with air are 
somewhat discrepant. For example, R. Presenilis found a litre of water die- 
solves 00602 part of calcium carbonate at ordinary temp,, while A. Bincau 
fomid 0102 part; & Bischof, 0‘028 part; L, P. Caro, 0‘03 part; J. L. Lassaigne, 

A is! ^ F ' HolIemann > 001004 part at 87° and 0'0125 part 

at 26 *o ; K. Warmgton, 

0 009852 part at 21° ; and 
F. Gothe gavo t 0 037 grm. 
per litre of gas-free water. 

A. Bincau wrongly inferred 
that calcium carbonate is 
less soluble at 100* than at 
16°. R, Frcsemus found 
that a litre of water at 100° 
dissolves 0 0111 part, and 
K. Pallacci, 0'0143 part of 
calcium carbonate. 

J. Kendall obtained the 
results indicated in Fig. 54, 
for the solubility of calcite 
and aragonite in a litre of 
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Fm. J54,—Solubility of Cdlcitu and Aragonite in W&lur, 

water freed from carbon dioxide and in an atm. freed from the same gas; while 
the dotted curve represents the solubility of calcite in water exposed to atm. air. 
The results, in grams per litre, arc : 


Sir 50° mo* 

(Jaltyte . U0143 00050 O'OHS 

Aragonite, . , (Ml 54 0 0162 0 0100 


The ratio of the two solubilities at a given temp, is nearly constant as illustrated 
by the nearly parallel solubility curves. The data for precipitated calcium car¬ 
bonate and soft chalk are virtually the same as for calcite, so that amorphous calcium 
carbonate is assumed to ho so extremely unstable that solubility data cannot be 
obtained. J. Kendall also stated that vaterite has the same sp, gr, as aragonite, 
and that the higher solubility is due to the obstinate retention of a trace of carbon 
dioxide by the solm H. L. J. Backstrom found the solubilities in the presence of * 
corhpn dioxide at a press, of 742-777 mm. to be for calcite 130, 0&43, and 0765 
grms. per litre respectively at 9°, 25°, and 35°, and likewise for aragonite 1 - 4G, 
1'066, and 0‘876 grms, per litre. i\ Kohlrausch and F\ Rose showed that a litre of 
water dissolved : 
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In harmony with the generalization : Of two different fvnns of a compound, 
the less stable rmdifealion is usually the more soluble} the solubility of aragonite 
in water is d little greater than that of calcite. Corresponding with this, the equi¬ 
librium constant in the reaction between aragonite and potassium oxalate, CaCOg 
+K a C £ 0 4 ^CaC 2 Q 4 -fK ? CC^ T is nearly l m 3 times greater than that in the reaction 
between calcite and potassium carbonate; similar results were obtained in the 
precipitation of the heavy metala by calcite and by aragonite. The partial pressure 
of the carbon dioxiefc over aragonite i(j nearly 1‘4 times greater than it is with 
calcite at 8°, and M3, at 25*. 

The temp, coefl* at 18° for^the solubility of calcium carbonate is 0 0008 \ for 
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strontium carbonate, G'015; and lor barium carbonate, 0'G13. Solubilities calcu¬ 
lated irom the electrical conductivities arc erroneous when the salts t are appreci¬ 
ably hydrolyzed, D, Gardner and D, Gerassimoff found the conductivity of a sat, 
soln, of barium carbonate diminishes in the presence of on increasing proportion 
of sodium hydroxide until it reaches a limiting value GxlQ~ 9 in place of 2Sfe XlCT 8 
obtained with water as solvent. The conductivity of a aoln, of barium sulphate 
is uot affected by the presence of sodium hydroxide. 

The solubility of strontium carbonate in water was found by A. Bineau to be 
0 010 grm, per litre j by R. FreBenius, 0'0554 grm, per litre ; and 0 090 grm. per 
litre by P. Kramers. A, F. Hollemaun found a litre of water at 8'8 fl dissolves 
0 00082 grm, of strontium carbonate ; and at 24'3°, 0 0109 grm.; and for barium 
carbonate he found 0 016 grm, per litre at 8'8* and 0 024 grm. at 24’2°, A litre 
of water sat. with C0 a dissolves 1 + 19 grms, of strontium hydroearbonatc, and, 
according to A. M. Pleisehl, when the sob. is evaporated it redeposits the strontium 
carbonate in needle-like crystals, H, N, McCoy and H. J. Smith measured the 
solubility of strontium carbonate in water containing carbon dioxide at press, 
ranging from 0 05 to 11 atm. A, Bineau also found the solubility of barium car¬ 
bonate to be 0 0025 grm. per litre of water ; R. Fraaenius gave 0 0707 grm. per litre 
at 16°“20 & ; and 0 068 grm. per litre in boiling water ; and P. Kramers gave 0 083 
grm, per litre. G. Wagner gives a solubility of 7'25 grins, of barium carbonate 
per litre with water sat. with carbon dioxide at 4-b atm, prase. According to 
H. W. Foote and G. A. Menge, the relative solubilities of calcium and barium 
carbonates at room temp, are ^(Ca/Ba) —1'20 ; F. Kohlrausch and F. Rose's data 
give for this ratio 108. 

The aq. soln, of calcium carbonate was found by M. Pettenkofer to be neutral 
towards turmeric, but if the soln. has lost some carbon dioxide the indicator is 
browned. As shown by A. Laugiur, A. M, Pleiachl, aud G. Rose, if water is boiled 
with powdered marble or chalk, it colours red-litmus blue. Powdered marble, 
chalk, Iceland spar, calcite, or aragonite were found by C. A, Kenngott, A. Laugier, 
A. M. Plcischl, G, Rose, C, R. (1 Tichborne, and W. Skey to be alkaline towards 
litmus or extract of violets ; andF, Cornu, that a soln, of phynolphthaleinie reddened 
when the powdered mineral is shaken with water, F, Mohr found that cochineal 
tincture is coloured violet; but R. Frescnius reported an aq. soln. has a scarcely 
appreciable alkaline reaction. H. Rose believed that boiling water exerted no 
chemical action on calcium and barium carbonates. The solubility of calcium 
T carbonate in water at 100° is given by A, W. von Hofmann as 0 034 ; C. WelUicn, 
0 036 ] R. Fiesemufl, 0 Ill j and R PoIIacci, 0 143 grin, per litre. The increased 
solubility at 100° is not likely to be due to the formation of a hydrate stable at 100*. 
H. la Chabelier showed that calcium carbonate dissociates in boiling water and loses 
carbon dioxide, and A, Cavoxzi found that in consequence it is not possible to get 
a soln, of calcium carbonate alone in boiling water, for calcium hydroxide also 
passes into soln. This quantity depends on the duration of boiling, and on the 
cone, and vol, of the soln. The limit of the dissociation is attained when 15 c.c. of 
a soln. of calcium hydroxide, sat. at ordinary temp., is present per. litre. The 
dissociation of calcium carbonate in boiling soln.ds prevented if G'Gijgrm. of sodium 
carbonate per litre is present. 

F, W, Kiister showed that in aq. soln, calcium carbonate is not only ionized, 
but is also hydrolyzed; and G. Bodlander calculated that between 80 and 83'4 
per cent, of calcium carbonate is hydrolysed in aq. soln.; and between 78 and 82 
per cent, of barium carbonate is similarly hydrolyzed. Consequently, assuming 
that the reaction is typified by C^CM^+aHaCMsCafOHla-hH^CC^, the dissociation 
of the carbonic acid is determined by the partial prase, of the carbon dioxide of the 
atm. in contact with the soln. It follows from the balanced reaction that the greater 
the cone, of the carbon dioxide in the solp., the loss the solubility of the calcium 
carbonate. The direct converse actually obtains, for calcium carbonate readily 
dissolves in aq. soln. of carbonic acid. Sat, lime-wpter is rendered turbid by carbon 
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dioxide, but as the passage of the gas is continued, the opacity nearly disappears, 
and if a little more water is added, a J clear soln* is obtained. When the aq. soln. is 
ejposed to air, or boiled, normal calcium carbonate is precipitated. It is therefore 
inferred, by analogy with other cases, that soluble calcium hydrocarbonate, 
Ca{HC0 3 ) E , is formed: CaCOa-fHgCC^^CatHOOalj;. R* Irvine found heat was 
evolved during the precipitation of the carbonate when carbon dioxide is passed 
into a soln. of lime-water, and a second rise of temp, occurs when the precipitate 
begins to dissolve* The seoond. rise of temp* was attributed to the formation of 
the hydrocarbonate. E. F, Treadwell and M. Reuter found that under press, of 
one atm., the solubility of calcium carbonate varied continuously with the press, 
in the gas phase ; and at 1G C , with, a aero partial preBB. in the gas phase, the molar 
proportions Cap : CO^ in the soln. exactly correspond with calcium hydrocarbonate, 
P* N. Raikow found lime-water absorbed enough carbon dioxide to form a hydro¬ 
carbonate, and, making a correction for the solubility of carbon dioxide in water, 
it is claimed that the remaining gas must be bound chemically, since it cannot be 
removed by mechanical means, and was always present in the requisite amount, 
A* Oavaazi analyzed soln. of the alleged calcium hydrocarbonate prepared in various 
ways, and found the results in agreement with the formula GaO.SCOjj.flHgO. 

The partial press, of the carbon dioxide in the atm. determines the cone, of 
the unstable carbonic acid: HjjCO^HgO+COji, in the soln,, and the cone, of the 
carbonic acid, in turn, determines the cone, of the carbonate in soln. While 
air normally contains about 3 parts of carbon dioxide per 10,000, comparatively 
small changes in the cone, of this gas in the atm. may bring about the soln. 
or deposition of large quantities of calcium carbonate. The amount of calcium 
carbonate which will dissolve in water in contact with air, and the variability of 
this solubility with the carbon dioxide content of the atm,, are of great importance 
in connection with a number of geological processes. R. C. Wells obtained rather 
higher solubilities than J. Kendall for calcite and aragonite, possibly because of 
the greater cone, of the atm. carbon dioxide ; and, when the atm, contained between 
3 + G2 and 3'27 parts of carbon dioxide in 10,000, K. C. Wells found the solubility 
of calcium carbonate in grams per litre to be : 

o 4 ie u 20 j 'iv w* $o u 

CftCO, . . 0 081 01)70 0-OH5 0 050 0U52 0U44 0 038 

T. Schlbsing measured the solubility of calcium and barium carbonates in water 
with carbon dioxide in soln. J, Johnstone calculated the solubility of calcium, • 
carbonate in .water, at 16 y , from measurements by T. Schlbsing, and R. Engel, and 
expressing the results in gram-atoms of Ca and in mols of CafHCQs)^ per litre, 
when the partial presp. of the carbon dioxide is p atm., found : 

p , ! o-ooofitH G-oouaua 0-00333 uo2«2 omn v-un 0 553a oi» 84 j 

Cft . , 0000740 O-OOOSOO OOUL372 0003005 0003000 0005330 0 008B5& O’QJQBG 

Ca(HCO s ) a 0000731 U 000837 0 001364 OlWUMl 0 003507 0-005338 0008854 U 01080 

H. N. McCoy and H. J, Smith obtained the following solubilities for calcium 
carbonate at 25°, in contact with ’Kir containing carbon dioxide at partial press, p 
atm., when the results are expressed in grams per litre of sat. soln.: 

V . , * \ Q-I W IP9 13'B 

H,C(V . . 0'3£ 2 3 20*8 27 5 

CatHCO,^ .. * 067 1 58 3«fl2 404 

^ -✓ 

Solid phktfr: * CaCOj 

These results show that the soln. is sat, with calcium hydrocarbonate when the 
carbon dioxide exerfe about 15 atm* {press., and that it should be theoretically 
possible to convert all the normal carbonate into hydrocarbonate by introducing 
sufficient carbon dioxide at 15 atm* The reaction is so slow that it would require 


10-3 
34'1 
4-21 


35'4 
53'2 
4'22 


Cfi(HCOp, 
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three months lor the complete conversion- A. Cavazzi iound the solubility of calcium 
carbonate in water eat, at one atm. press* to be 150 grma, per litre at 0°, and. 11752 
grins. at 15°. A superset, sob, prepared by passing a very rapid stream of carbon 
dioxide through a sat. soln. of lime-water at 15 D contained 2 29 grms. of r calcium 
carbonate, J, W, Leather and J. Sen measured the solubility of calcium carbonate 
in contact with air containing 0 8 to 316 partial press, of carbon dioxide at 15°* 
20* t 25 5 , 30 a , 35 & , and 40°, but their results for carbon dioxide are probably too low. 
They found the solid phase to be always the normal carbonate, and concluded that 


i i i Li. i jh > 



.Kiu* 55.—Relation between, th« Partial Pres¬ 
sure of Carbon Dioxide and the Concentra¬ 
tions of thu several Jona in tho System, 
CaO-JfjO-CO,, fit 16* 


the solid hydrocarbon^ is not stable 
above 15°. H, Ehlcrt, andC. A.Seyler 
and F, V. Lloyd also measured fhe 
solubility of calcium carbonate in the 
presence of an excess of carbon 
dioxide, 

J, Johnstone and E. D. Williamson 
have shown that the cone, of the 
calcium carbonate in soln, at equi¬ 
librium in the system GaO-JI^O—CO^ 
can be represented by three curves 
along which the stable solid phase is 
hydroxide, carbonate, and hydro- 
carbonate respectively. In Fig, 55, 
the stable solid phase along AP 1 is 
hydroxide; between P^ and P & it is 
carbonate; and along P%B it is hydro- 


carbonate. The curves. Fig. 55, were plotted from Table X11L J- Johnstone 
and E, D. Williamnon have shown that the equilibrium between the hydroxide 


Table XIII.— Iokil Con cent turnons uu Solutions lj* Caliite in Contact with Air 


HtiLuiNti Carbon Diumde at a 


J* 

IHCtyixm 1 | 

[UH'JxlO* 

245XKT 1 

100 

0 0174 

7-03 x 10“ 6 

70 j 

0-034 

762x10"* 

3 J 0 < 

0447 

fl 07X10’* 

10 

, 0614 

3-65X10-* 

OBO 

0 774 

3-73 x I0 _T 

0-767 

0-787 

240x10"* 

0-60 

1D2 

0-14x10-* 

0-30 

m 

(P78XJO-* 

040 

3-82 

2 80XIO- 1 * 

0-01 

13-3 

34fixl0 l * : 

0-0000235 

2770 


Partial Pressure P , at 16°, 


[Cfy'JxLQ 1 

ICn-jxKP 

Fiuta CiCa 
jvr tuLlllon. 

M*8 

5497 

5fi 

0'2fl0 

3-777 

40 

0-478 

! 2 J 061 

22 

0(506 

| 1-473 

J0 0 

0-673 

1 1459 

i 16H 

0-672 

| 1-459 

; 15-0 

0-665 

1 1476 

16 0 

0-593 

! 11564 

!S 

0-414 

2-377 

- 20 

0'144 

! 681 

! 74 

0 0071 

1 138-6 

j 2000 


Ca(OH) 2 and the sat, aq, soln, is aflccted by a progressive increase from aero to a 
partial press. P of carbon dioxide in the atm. in contact with the sola,, in 
the following manner: The addition of carbon dioxide is followed by a distri¬ 
bution between the vapour and liquid phases until there ie equilibrium between 
the residual partial press. of the carbon dioxide and the carbonic atdd* H S (X^, 
in soln., and, in turn, between the latter and the several ions. The net effect 
is a definite decrease in the cone, of the hy^oxide ions [OH'], which requires 
that more hydroxide be dissolved in order to maintain the constancy of the solu¬ 
bility product [Ca"][0H'}2, Consequently* the total cone., [Ca 1 ] p increases, part 
of it being now present as carbonate and hydrocarbonate. Otherwise expressed, 
the apparent solubility of the base increases if the method of analysis is a determi¬ 
nation of Ca* and it would decrease if the cone. [OH'] 1 * were determined. This 
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process continues until the product [Ca l, ][C0 3 J, 'j reaches the value needed for the 
precipitation of calcium carbonate—assuming that no supersaturatiou occurs, 
and no bash! carbonate is formed. This precipitation occurs at a definite value 
of i\ which depends only on the temp, and is about atm. at lti*. At a 

given tefcnp., this transition press, is the highest under which solid hydroxide is 
stable. At Pi the solubility &a measured by the total [Ca"] begins to diminish, 
because an increase of the partial press, of carbon dioxide increases the cone, 
[CO s "J, while the product [Ca +, ][C0 3 "] remains constant so long as CaCOg is the 
stable solid phase. This increase of [C0 3 "J continues until a definite press. F 0 is 
reached, and tfie formation of hydrocarbonate in soln, then becomes the pre¬ 
dominant reaction, and the cone. [CGg"] begins to decrease again, Pq thus corre¬ 
sponds with a gnnimum in the solubility cum. At l(i a , P 0 is nearly 373x10“* 
atm, or about O'OIG grm, of calcium carbonate per litre. As the partial press, of 
carbon dioxide increases beyond p 0 , the cone, of both Ca ' 1 and HC(V increase 
steadily until the precipitation value of the product is readied, when 

the partial press, is approximately P a —15 atm.* and both carbonate and hydro- 
carbonate are present as solid phases. Beyond P E , the hydrocarbonate is alone 
stable, and its total solubility falls off very slowly with a further increase in the 
partial press, of carbon dioxide. 

Again, there can be no real equilibrium in aq, soln. of calcium carbonate except 
in the presence of a definite press, of carbon dioxide in the atm. in contact with 
the soln. If a stream of an indifferent gas—free from carbon dioxide—be passed 
through ft soln, of calcium carbonate, the soln. would gradually lose its carbonate 
and ultimately contain only the hydroxide. For equilibrium in the system : 0aCO 3 
+HaC 03 ^Ca{HC 0 3 ) aj [lI 2 COg] — £[Ca(HC 09 ) 2 | \ and assuming that the carbonic 
acid is nou-ionized, i=l, and that for the hydrocarbonate, Ca(HC0^) 2f t---2'56, 
in agreement with f,p, measurements, J. H. van't Hoff writes log [B 2 C0^]^-2'56 
log [CafHGG,^]—A, or, if y denotes the cone, of the dissolved lime, corresponding 
with the cone, of the hydrocarbonatc, and if P denotes the partial press,corresponding 
to the cone, of the carbonic acid, and e be a constant, so that the quantity 

of lime dissolved is proportional to the press, of the carbon dioxide raised to the 
0 39 poweT. The limiting case for complete ionization of the hydrocarbonatc 
gives y— cP 0-333 . T. Schlosing found empirically O'S^^Sy—FQ' 378 *®, when P is 
between zero and unity. If a curve of this type correctly interprets the observed 
results it is not probable that calcium hydrocarbonate is formed, because the initial 
solid phase is calcium carbonate, and the curve would be continuous without a break 
for a change of the solid phase to hydrocarbonatc. L. F. Caro showed that the 
relation is not applicable at higher press, H. Vater investigated the relation 
between the cone, of the hydrocarbonatc and that of the carbon dioxide in soln, 

G. Bodlauder has* studied the equilibrium conditions between the dissolved 
carbon dioxide and calcium or barium carbonate. So long as calcium carbonate 
is the solute, the equilibrium condition is [Ca"XCCY']=I when carbon dioxide 
is introduced, the cone, of the Co-ions increases, and that of the CO^-ions decreases. 
The carbonic acid, H £ C 0 3 , in soln, ionizes: H 2 COg^H-fHCfV *nd HC(V 
^H h +C(V, The equilibrium coition for the former is [HjHCO^/tHgCCy—Aa, 
and for the latter/ [H JCO^/tHCOg']-^; or 

and j^JfcgfHaCOk^J^HCOa^Ca"]; but eocK Co-ion corresponds with two HCCV 
ions, or [Cft"]=|[HC(y], and therefore 2fc 1 A J j[H E CQ 3 ]=£ 3 [HC(Y] a . By Henryk 
law, [HaCOjl—^[CO^. Consequently. 2ft l i E ^[C0 2 ]=^[HCQ^ y ] 3 . All four con* 
stants have been determined. J, Walker and W. Cormack found Sfc E to be 3‘04 X 10 “ * ; 
J* Shields found 1^=1'295x10^ 11 ^and £ 4 , calculated from T t Sohlosing’s data, is 
0 04354, Hence, [HCQa']=12'69^Ai[CO E l; and again from T. Schlosing's data, 
Jiq^mSxlO' 11 . Similar results were obtained with barium carbonate* G* Bod- 
lander's value for thj solubility producf of calcium carbonate is considered to be 
erroneous owing to the use of an incorrect value for the secondary ionization 
constant of carbonic acid. J* Stieglitz calculated B'SSOxlO" 11 . This secondary 
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constant increases with increasing cone, of the alkali carbonate sob, dsed in its 
determination. The solubility product of calcium carbonate, calculated by J, Sfcieg- 
litz, ifl Jfej—12 6xl0" B ; H. N. McCoy and H. J. Smith found Ax— fl'SxlO^, The 
latter also give for the solubility product of strontium carbonate, [5r“ |[C0 3 "]=A 1j 
or A 1 “1567xl0 r ® ; and for barium carbonate, [Ba'-JCO/'^Ai, or x 10"^ 

J. Johnstone give 8 for barium carbonate 7 0 X10’“* at 16°, and be found the solubility 
product of calcium carbonate (calcite) to be 0 93 X10^®, at 16°, and C. A. Seyler and 
P. V. Lloyd found O l 86 X KT 8 at the laboratory temp. The data have been re-calcu¬ 
lated by Y. Osaka, 

F. K, Cameron and A. Seidell measured tho solubility of calcium carbonate in 
aq. rain, of mdium chloride. Expressing the solubilities in grams per 100 c.c. of eojn., 
at 25°, they found with sola, in equilibrium with ordinary air : * 

HaCl 1 4 8 10 IB 20 25 

CflCO s . * 00112 0 0140 0 0137 09134 (HU IB 00100 00085 

F. K, Cameron, J. M, Bell, and W. 0. Robinson found for soln, in contact with air 
freed from carbon dioxide, at 25°: 


N*G1, 

, 1-60 5-1S 0-25 

U49 

nm 

22-04 

30-50 

CoCO, 

. 00070 000S6 00094 

00194 

00106 

o oj le 

00119 

and for carbon dioxide at atm, press.: 





NaCI 

, 1 '49 5-69 JHW 

J 5-83 

19-62 

29 69 

35-86 

CaCO, 

. 0150 QJUO 0174 

0172 

o-m 

0123 

0 + 103 


The solubility curve shows a well-defined maximum corresponding with a soln. 
containing O'1402 grin, of normal carbonate per litre. This is about 80 times the 
amount dissolved by water freed from carbon dioxide. The maximum point with 
the soln. in equilibrium with air represent a solubility about 2 36 times the result 
withwater containing no sodium chloride. The sp, gr. of the soln. were also measured. 
F. K, Cameron* .T. JH, Bell* and W, O, Robinson also obtained data for the solubility 
of calcium carbonate in aq, aoln. containing both sodium chloride and calcium 
aulpliate, and in aq, soln. containing both sodium chloride and calcium sulphate. 
E. P. Treadwell and M. Reuter, JJ. A, Rowe, F, Gothe, H, Cantoni and G. GoguSlia, 
f and C. A, Seyler and P, V. Lloyd measured the effect of sodium chloride on the 
solubility of calcium carbonate, H. Ehlcrt and IrV. Hempel likewise measured the 
solubility in sodium chloride soln. at 5 P in contact with an atm. freed from carbon 
dioxide, and in contact with that gas at 2 atm, press. T, Warynaky and S. Kouro- 
patwinska found a litre of an aq, soln, containing 1755 grms, of sodium chloride 
dissolved 0002 grn. of calcite, or 0 071 gnu. of aragonite at 60°. 

F. E. Cameron and W. O. Robinson measured the solubility of calcium carbonate 
in aq, soln. of potassium chhridf, at 25°, [a) in contact with air, and (b) in contact 
with carbon dioxide at one atm, press. Expressing the results in grama of salt per 
100 grins. of sat. soln., they found: * 


KCl , 

. 0 

3-90 

7-23 

1110 

1382 

18-21 

20-00 

CaC0 4 (o) 

. 00013 

0 0078 

00078 

0W70 

0-0072 

0-0070 

0-0060 

CaCO, f b) 

. 0 062 

0145 

0-150 

0-160 

0165 

0-J54* 

0126 


The sp. gr, of the soln, were also measured. f E. A, Rowe, and H. Cantoni and 
G.Gogu£liaaLso measured the effect of potassium chloride on the solubility of calcium 
carbonate, H. Cantoni and G, Gogu£Iia investigated the action of the alkali 
chlorides on barium carbonate; E, Taponier, the action of ttM bromdet on barium 
oarbonate. T. Warynsky and 8, Kouropafcwinska found a litre of on aq. soln. of 
potassium chloride at GG fl dissolves O l Q75 grm. of calcite, or 0 093 grm, of aragonite. 
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The latter 1 also found for the* solubility of calcite and of aragonite in aq. solm of 
ammonium chloride , when the results are expressed in grams per litre, at 60°: 


NH|d , 

, 0 

107 

£035 

10-70 

26* 7a 

53-52 

J 60-56 

Calcite*. 

, 0-028 

0-164 

0*533 

0-453 

0-064 

0-034 

1*21 

Aragonite 

* 0*041 

0-184 

0-371 

0505 

0-728 

1-015 

1*36 


H* Cantoni and G, Goguelia measured the solubility at 12VL8** and A. Rindell at 
25 s . M. Bertrand, and E, A. Rowe also studied the solubility of calcium carbonate 
id soln, of the H ammonium salts. A. Vogel found freshly precipitated calcium 
carbonate dissolves readily in a cold cone, soln, of an ammonium chloride, but with 
difficulty after the precipitate has stood for 24 hra, and calcite or marble dissolves 
with still greater difficulty. E. A. Rowe, and C. A. Scylrr and l 1 . V, Lloyd measured 
the solubility of calcium carbonate in aq. soln. of cuddum chloride. The solubilities 
of barium and strontium carbonates in aq. soln. of ammonium nitrate, ammonium 
chloride, and ammonium succinate have been studied by A. Vogel* R. H. Brett, 
G. C. Wittatem* H, W. F, Waekcnxoder, D, Smith, H, Demar^ay, and H. Cantoni 
and G, Goguelia, The latter found that strontium carbonate is less soluble in a soln* 
of ammonium chloride than is calcium or barium carbonate ; and they also measured 
the solubility of barium carbonate in soln. of sodium and potassium chlorides. 
G. Kernot* E. d’Agostino, and M, Pellegrino found the solubility of barium carbonate 
steadily increases with increasing proportions of ammonium chloride, and, at £5*, 
when the soln. contains 5 mols of the chloride per litre, the solubility curve assumes 
an upward inflexion, probably due to the formation of a double salt. C. J, B. Kar- 
sten observed the solubility of barium carbonate in an aq, soln, of calcium chloride ; 
and H. Ehlert and W t Hempcl, in aq. soln. of magnesium cfiioride , at 5°, in contact 
with an atm. freed from carbon dioxide, and also in contact with that gas at a press, 
of 2 atm.; E. A. Rowe also measured the solubility of calcium carbonate in the same 
menstruuni C. J. B. Karsten measured the solubility of barium carbonate in a 
soln. of zinc chloride. 

R, Irvine and C + Young, W. Howchin, and E t Cohen and H. Raken studied the 
solubility of calcium carbonate insm-waJcr. R. C. Wells found that sea-water at 
1° tends to retain more calcium carbonate in soln. than it does at 2J) C . Ordinary 
sea-water at 1° seems to contain so much carbonate that, in contact with the atm. at 
1°, it has no appreciable solvent action on ealcite- ; at a higher temp., sea-water 
undergoes a alow diminution in its carbonate content when agitated in contact with 
air. The equilibrium in the exchange of carbon dioxide between sea-water and the 
atm„ifl so slow, and the bulk of the ocean is so great* that the expected variations 
in the equilibria with temp, do not owur in the water of the open sea. 

F. K, Cameron and A. Seidell measured the solubility of calcium carbonate in 
soln, of sodium sulphate in contact with air at 24°. Expressing the results in grams 
per litre: 

Na,S0 4 5 10 20 40 80 150 250 

CaOO, . * 0 175 0*232 0277 0332 0400 0510 0725 

Similarly* F. K. Cameron, J. M. Ifcll, aud W. 0. Robinson found at 2S rt , for soln, 
in contact with air freed from carbon dioxide: 

Na,S<V - 0-97 166 4 ‘&0 m 0 14*55 19 38 23*90 

C&COg . , 0151 J 0 180 0-262 0*3J3 0-322 0-516 0*360 

H. Yater, E. A, Rowe, H. Ehlert and W. Hempel, and C. A. Soylcr and P + V. Lloyd 
also measured the solubility of cakvum carbonate in aq. soln, of sodium sulphate, 
the former at 14° in the absence of carbon dioxide* and with that gas at 2 atm. 
press, C. J, B. Karsten measured the solubility of barium carbonate in a soln. of 
sodium sulphate. F, X* Cameron and 0. Robinson* E, A* Rowe* and H + Vater 
measured the solubility of calcium carbonate in aq. soln* of potassium sulphate at 
26*; C. A. Seyler and P, V* Uoyfl, in an aq. soln. of calcium sulphate; and'they, as 
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well os H. Ei/ert and W. HempeJ. and E, A. Rowe, in an aq. sob* oi 'magnesium 
sulphate* a J. B, Karaten observed that calcium carbonate doe# not dissolve in 
a cone, aq* soln* of magnesium chloride; and IT* Hbppe-Scyler observed the forma¬ 
tion of no dolomite when the soln* of magnesium diloridc is allowed to stand in 
contact with calcium carbonate for a month; some magnesium carbonate/however, 
is precipitated, and calcium carbonate dissolved. A. Gosamaun said that when 
boiled, a little calcium chloride and basic magnesium chloride is formed. C. J, B. 
Karaton observed the solubility of barium carbonate in a &oln. of zinc sulphate. 
L. Vecchiotti investigated the action of nitrates on barium cajbonafo: BaCQ* 
where M stands for K, Na, or NH^ G. Boiju and 
W. Kosinenko, and A. Rinded measured the solubility of calcium carbonate in aq. 
soln, of ammonium nitrate respectively at 1'8° and at 25*, Expressing result in 
grams per litre, the former found : 

NKiWQ* - 0 5 JO 20 40 80 

CaCOji . . 0-J3I 0-211 0258 0 340 0 402 0’W 

C, J. B. Karsteu studied the solubility of barium carbonate in a soln. of calcium 
nitrate, J. Spiller noted that the presence of sodium cUraie raises the solubility 
of calcium carbonate in water; and A* Rindell found the solubility of calcium 
carbonate in aq. soln. containing 0 0625 and O’SQO mol of triammonium citrate per 
litre, Kt £5°, to be respectively 1'492 and 6'687 grins. per litre. M. le Blanc and 
K. Novotny measured the solubility of calcium carbonate in aq. sola. of sodium 
hydroxide in contact with air freed from carbon dioxide, and found at 18° and 
between 95 w and KJ0 D : 

NaOH h 0 O’OOQltf- 00010JV- OOJOOiV. 

CaCOjat 18° . 0 0128 0 0087 0 0042 0 0042 grm, per Jitm 

UaCO, at M g to 100° . 0 0207 0 0090 0-0060 0 0067 „ „ 

C* A. Seyler and P, V. Lloyd, and K. A. Rowe measured the solubility of calcium 
carbonate in aq. soln. of sodium and potassium hydrocarbonate, H. W- F, Wackcn- 
rodcr measured the solubility of barium carbonate in an aq. soln. of potassium 
carbonate. R. Wcgscheidcr and H. Walter measured the conditions of equilibrium 
in aq. soln. containing calcium and sodium carbonates, and sodium hydroxide* 
H. Noll found that the solubility of calcium carbonate in water, free from carbon 
dioxide, is lessenedjin the presence of magnesium carbonate. 

F* Gothe thus summarizes his result*: The solubility of calcium carbonate is 
increased by the presence of alkali chlorides, nitrates, and sulphates in the water, 
but decreased by alkali carbonates, and by the alkaline earth chlorides, nitrates, and sui- 
phates ; ammonium salts decompose the carbonate and the effect on the solubility 
cannot be determined* The solubility is increased whrn the water contains organic 
(hwmtts) substances, c&jtteially when alkali salts are also present, but ift decreased 
in the presence of alkaline-earth salts. E, A, Rowe studied the solubility of calcium 
carbonate in soln. of sodium hydrophosphate. 
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GenAre* 1904; R. C. Wells, Carnegie hut. Pm 5.* 213, 1918; TV Howchiu* Tran#. Ray. 8x. 
South Australia, 44.381* 1920; J. Spillcr, News, 3. 280. 1803; 19J60, 1869; Journ.Ohem. 
8oc„ 10. 110, 1868; L VeccbiQtti, Etude de Faction des nitrates akdins mr le carbonate de 
baryum, GenAve, 1907. 


s 28 * The Properties of the Carbonates of the Alkaline Earths 

The d?stals of the calcito modificatiou of calcium carbonate belong to the 
rhombohedral clasH of the hexagonal system or the trigonal system. P. Gxoth 1 gives 
for the axial ratio a ; c=l : 0 8543* and a — 101° 55'. There are more varieties of 
the crystalline form of calcite than with any other mineral Count dfe Boumon, 
in hie Traiti compiet de la chaux carbonatee et de t*aragonite (Londres* 1808), 
described over fifty,, and eince then hundreds have been reported* The crystals 
show four distinct habits—rhombohedral, prismatio* acalenohedral, and tabular* 
Twinning is alep common* R. C. Wells reported the formation of aragonite crystals 
as a deposit in sea-watdt kept some yeajs healed up in glass jars. Calcite is iaomor- 
phous withchiagnesits, MgCQa j mesltite* Mg B Fe(CQ 3 ) s ; ankerite, Ca(Mg* JeJCO^; 
dolomite, MgCQa.CaCQs; ohalybite, FeCO^; rhodochroisite or diallogite, MnCO*; 
spheerocobaltite, CoCOj ; calamine, iZnCO ^—vide Fig. 88,1* 11, 10. Calcite is isor 
morphous with trigonal sodium nitrate; the two compounds have the rhombohedral 
angles respectively 7C 65' and 73° 27'* T. V* Barker found that sodium nitrate forms 
parallel growths on clean fresh cleavage |urfaces of galoite, independent of the habit 
or variety of the latter; hut it does not form parallel growths on the other minerals 
Vol. m. , 3 H 
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at the c&lcite family—the necessary condition for parallel and regul^ growths 
being closeness of mol, vol. rather than similarity of angle or axial ratios. Accord¬ 
ing to H. le Chatelier, when rhombic strontianite is heated to 820°, it undergoes a 
reversible transformation into a trigonal modification corresponding with calcite, 
and W. Vernadsky places the transition temp, at 700°, 0. Miigge, L, Bourgeois, 
and H h Vator showed that trigonal forms of strontium and barium carbonates occur 
in isomorphous mixtures with calcite. The nevtype of A, Breithaupt, and the 
bawto-cutetie, from Langban (Sweden), and elsewhere, were shown by A, des Cloiseaux 
to belong to the trigonal system, G. Aminoff described crystals of calcite fro$i 
Clausthal, with curved faces. 

The crystals of aragonite form bipyramids belonging to the rhombic system; 
and these crystals are isomorphous with strontianite, SrGOg; witherite, BaOQg; 
and cerua&ite, PbCG a . These carbonates form a eutropic series. "The axial ratios 
ol calcite, according to J. Beckcnkamp, arc a: b ; c=0 (J228 : i : G72U4 ; for stren- 
tianite, according to J. Beykirch, the axial ratios are a : b : c—U 6G904 :1 :0726G1 ; 
and for witherite, according to W. H, Miller, o: h: c=0'5&49: 1; 07413, Aragonite 
and potassium nitrate are homoruorphous, the axial ratios of the latter arc a : b : c 
=0 591:1: 0701. T. V t Barker obtained no signs cf the formation of parallel 
growths of potassium nitrate on fresh clean cleavage surfaces of aragonite. The 
rhombic mixed crystals of calcium and strontium carbonates form the minerals 
emnowke of T. Thomson and cafoiO'atrviUianite of A. (Jathrein; and the rhombic 
mixed crystals of calcium and barium carbonates form the minerals bromti&e of 

J. F. W. Johnston and T. Thomson, or the aktomte of A. Breithaupt, found at 
Fallowfield (Northumberland), and at Alstone (Cumberland). According to 
T. J, Pelouze, pentahydrated calcium carbonate forms very acute rhombohedral 
crystals; A. C. Becquerel said the crystals were rhombic prisms with dihedral 
summits like aragonite; and W, F, Salm-Homtmar, irregular six-sided prisms, 
W. Biedcrmann found the crystals of hexahydrufced calcium carbonate to be mono¬ 
clinic ; and P. Tschirwinsky, the crystals of trihydrated calcium carbonate to be 
also monoclinic. The corrosion or etching figures of calcite have been studied by 
O, Meyer,* L. Lavizzari, V, von Ebner, A. Elterlm, V. Goldschmidt, A. Hambcrg, 

K. Sommerfeldfc, etc. 

The X-radiogram of calcite has been studied by W, H. and W. L, Bragg, 3 
M, L. Huggins, F, M. Jager and H, Haga, B h Davis and IV, M, Stempel, F t Binne, 
and E. Schiebold— vide Fig, 80, 1. 11, 8—and that of aragonite by W, H. and 
W. L. Bragg, F. M, Jager and H, Haga, and F. Hinnc, in the calcite rbombohedron 
( lattice, R. w. G. Wyckofi calculated the distance between the carbon atom and 
three of its nearest oxygen atoms as 1 21 Xl0“ e cm.; the distance of the calcium 
atom from the nearest oxygen atom as 2'30xlU r " 5 cm.; and the shortest distance 
between the calcium and carbon atoms as3'04xl0’ s cm. Hi Haga and F t M, Jager 
also studied the X-radiugr&ms of strontianite and wither]tc. M. L. Huggins gave 
for the volume of unit cell 112 7 cub. A, for aragonite, 131 7 cub. A, for stron¬ 
tianite, and 150'b cub. A, for witherite; for the shortest distance between the carbon 
and the alkaline earth metal 3 004 A. for aragonite, 3162 A. for strontianite, and 
3 d 322 A. for witherite; the shortest distance between atoms of calcium and oxygen 
in aragonite is i’28 A, 

Various members oi this carbonate group have been shown to have both the 
same general arrangement of atoms within the unit of structure and units of about 
the same size and shape. They are commonly said to be isomorphqus with one 
another. According to W. L. Bragg, and R, W. G. Wyckofi, calcite and sodium 
nitrate have not only the same sort of grouping of atoms in the unit, but the size 
and shape of the unit and the absolute distant apart of corresponding atoms are 
practically identical in the two cases; yet they are not truly isomorphous, even 
though the crystal structures of calcite and sodium nitrate ire more nearly alike 
than are those of calcite and rhodoohroaite; for instance. It is in strict accordance 
with their crystal structures that, as shown by T. V. Barker, sodium nitrate will 
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grow in p valid orientation upon a crystal of ealcite, but not upon a crystal ol any 
of the other members of the group. The difference in the crystal structure of caloite 
on the one hand and rhodrocholsite and siderite on the other, may account for the 
fact that, according to W. E, Ford, while a complete series of mixed crystals of the 
last tw<j is known, colcitc and either of the other two are not known to show 
complete miscibility. 

G. Rose * gave 2 949 for the specific gravity of chalk, and C. J. B, Karsten gave 
2*6940. The sp. gr. o£ aragonite is greater than that of ealcite, L. Bourgeois gave 
fpr artificial ealcite 2*71. The reported values for ealcite range from C, J, B. Kar- 
sten’s 17064 to F. E, Neumann’s 275G, V, Goldschmidt obtained values for ealcite 
ranging between 2*713 and 2*735, E, Madelung and It. Fuchs gave 27067-2 7121 
(0°^ for the sp, gr. of ealcite. J. Johnstone and co-workers gave 2*71, The 
reported values lof aragonite range from E, RiegeFs 2 920 to A. BreithaupPs 2 995, 
V. Goldschmidt obtained for aragonite values ranging between 2 919 and 2'937 : 
E. M&deluug and R. Fuchs gave 2 9325 at 0°; and J. Johnstone and co-workers 
gave 3’88, P. N, Laschtschenko found an abrupt change in thesp, gr., at 16 5°, 
of aragonite which had been heated to 465 D -470° : 

JC5* iW* lie* 450* JEJF 475* 5S5* S5U* 

8p. gr. . 292L'J 29278 2*9200 29218 29231 29231 27001 27711 27S0U 

Accordingly, the turbidity and brittleness which H. E, Boeke observed in aragonite 
erystain at 445° is not connected with its transformation into ealcite. B, O. Peirce 
and R, W. Wilson found the sp. gr, of various samples of marble ranged between 
269 and 275; and M. Websky gave for Oanara marble 2 699-2732. Y. Tadokoro 
gave 2 699. The reported values for strontium carbonate range from F, Mohs’ 3 605 
to C. J. B. Karsten’s 3 6245. E. Maddung and R, Fuchs gave 37222 ((>*); and 
J, Beykirch gave 3706 for a variety of strontianitc free from calcium. The reported 
values fortjarium carbonate or wither!te range from A, Breithaupfc’s 4'24 to E, Filhol's 
4*565. E. Madelung and R. Fuchs gave 4'2891, The differences in the values for 
the sp, gr. are mainly due to the presence of foreign matter in the native car¬ 
bonates, In illustration it is very rare to find a atrontianite free from calcium car¬ 
bonate, and the formula for by far the larger number of samples of this mineral is 
better (Sr, Ca)CO a than SrC0 3 , H, G. F. Schroder gave 3*584 for precipitated 
strontium carbonate, and 4’274 for preciptated barium carbonate. J, Schweitzer 
obtained 4'2210 for barium carbonate precipitated in the cold, and 4 1848 for 
barium carbonate precipitated from hot sc In. The best representative values are : 

* * C&COj (trigonal) GaCQ, (rhombic) SiCO a DuCO) 

3p.gr, (18°) . 272 294 370 4'3U 

* 

H. Vater’s estimate for the unknown barium carbonate is 4'05 ; and his value for 
vaterite is about 2'6. For the sp. gr, of pentahydrated calcium carbonate, T. J, 
Pelouze gave 1783, and W. F. Salm-Horstmar, 175, The sp. gr, of hexahydrated 
calcium carbonate is given by W. Bicdermann as 1752 at 18°; and that of trihy- 
drated calcium carbonate is given by P. Tsohirwinsky as 2*626 at 16°. According 
to F. K. Cameron, the sp. gr, of an%q, soln,, sat, at 26°, is TOQ26, and of a sola., sat. 
at 31°, is 10031; and for a soln., sat. at lb 1 ', F, Stolba gave 10022, 

The hftrinuM of aragonite, atrontianite, and withcrite is given respectively as 
65,14'6, and 9, when t8at of steatite is unity, Gr. de Gotaen* said that ealcite free 
from impurities is as hard as fluorspar. The hardness of ealcite on Mohs' scale is 
usually given as 3 ; aragonite, 31-4; strontianite, 3^ ; witherite, 3|. A. Rosiwal 
studied this subject. F. D. Adams Jnd J. T. Nicoben investigated the dtfonnitum 
by pressure of marble. According to A. Johnson, cooling by liquid air diminished 
the plasticity of oa]pite. F, Rinne, O, Mohr, and F. Loewinson-Lessing have 
studied the effect of press, on the crystals of ealcite, P. Drude and W. Yoigt gave 
2600 kgrme. per sq, mm. for the elastic modulus of marble, 0. Bach gave 1900 
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kgrm*. per sq. mm. for that of limestone. W. Voigt, and. O. Baumgarteq measured 

the elastic Constanta of trigonal ealospar and found maximum and minimum values 
14298-G128 kgrma, pet sq. mm, H, Nagaoka also measured the elastic and torsion 
moduli of limestone and marble, for the torsion modulus he found respectively 
1900-^3000 and 3200-3000 kgrms, per sq, mm. L. H. Adams, E, G. Williamson, 
and J, Johnston represented the effect of a change of press, from ^ to p on the 
yol. Stf per c,c, by Sc=l , 75xl0 4 -|-l , 39xl0 , (p—j?a). The ttunpoftttibiUty of caicite 
is 1*30 XlO -4 per megabar—W. Voigt gave 1*54 xl(T*, E, Madelung and R, Fuchs 
gave 1 *33^1'35 X10"* megahare per sq, cm. for caicite; 1&3X10“* for aragonite; 
174 X lfT® for strontianite ; and 2 02 X KT* for wifcherite. 

The action of heat on the carbonates of the alkaline earths has already been 
discussed both with respect to their decomposition, and with respect to aUotropic 
changes of caicite to aragonite, and vice versa, J. L. Gay Lussae and L. J. Th£nard a 
stated that strontium carbonate volatilises with a red light when heated on a piece 
of charcoal by a stream of oxygen. According to C. H, Ffaff, barium carbonate 
melts in the oxy-hydrogen blowpipe Same, and H, Abich said that it volatilises 
when heated on a piece of charcoal in a stream of oxygen, and glows with a yellow 
light, H. le Chatelicr placed the m,p. of barium carbonate at 795°, while H. E. Boeks 
said that it partially fuses at 1380° in a current of carbon dioxide, and at a lower 
temp, when exposed in an open vessel; the lower fusion temp, is attributed to the 
basic carbonate formed under those conditions. H, E. Boeke found the melting 
point of calcium carbonate to be 1289° under a press, of 110 atm.; that of strontium 
carbonate, 1407* under a press, of 60 atm,; and that of barium carbonate, 1740° 
under a press, of 90 atm. According to K, Friedrich, strontium carbonate has an 
mTHBton point between 920° and 930° ; and barium carbonate undergoes two 
reversible transformations, passing from the y-form or rhombic and pseudohexagona] 
form at 811* to the /J-form which is hexagonal, and at 982* to the o-foim which is 
cubic. K. Friedrich said that strontium and barium carbonates undergo a mol, 
transformation below 300°, For the transition of caicite and aragonite vide supra. 
H, Fizeau 7 found a^OO^bSl to 0 0 4 2621 for the coefficient linear expansion 
of a rhombohedral crystal of Iceland spar along the principal crystallographic 
axis : 00^540 to —00&562 along the normal to the crystallographic axis; for 

the mean of a and a\ 0 0^514 ; and 00 fi 5Q7 for a plane in the direction of the angle 
54* 41', Hence, when heated, caicite contracts in a direction perpendicular to the 
principal crystallographic axis. This phenomenon was employed by G, Tschermak 
as an argument against the isomorphism of caicite with the other rhombohedral 
« carbonates. For aragonite, H. Fizeau found for a temp, of about 40°, a^O'OjlOlfi 
when parallel to the a-axis, 0*0*17X9 when parallel to the &-axU, and 0 0*3460 when 
parallel to the c-axis. 

The specific heat of caicite was found by H. V. Regnault & to be 0 20857 between 
20° and 100°; F. E, Neumann, 0 2046 between 20° and 100°; by H, Kopp, 0 203 
between 16° and 45 s ; F. A, Lindemann and W, Nernst, 0 2027; and P. E, V. Oeberg, 
0*2042, The latter also found the sp, ht. of caicite to be in good agreement with the 
additive rule for mixtures, J. Joly found the sp, ht. of water-clear caicite to be 
0*2036; for transparent rhombohedra, 0*2044; for hexagonal prisms, 0 2034; and 
for transparent aragonite, 0,2036, The rhombohedral ana rhombic forms of calcium 
carbonate thus have the same sp, ht, G. Linder measured the effect of temp, on 
the sp. ht. of caicite, and found 

o M00* 0*-l60* G & -200* CM&0 1 DMOO* 

Sp, hl r . , 01877 0-2005 0-2054 07093 07136 07204 

t 

and for the following intervals of temp.: 

6OM00* 1W-16C’ IWM00 B SD0 ? -W £50 MOO* 

Mean «p, ht. , 0-1233 07163 * 07200 07313 07546 

Increase per GO* 5 * — 0 94 2*5 4*6 D'l per cant, 
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showing tjiftt the muteasu in the sp. ht, increases with rise of temp. For the true 
sp. ht. at 6°, he found 0*1803 +0'00030IM-0-0 # 2320d*. For marble, J. Thoalet 
and H, Legarde found 0*3164 ; B. 0. Peirce and R. W. Wilson, 0*312 (26 o -100°); 

R. Weber, 0*2028 (O'); and H. Heeht, 0*206 (0M00“). H. V. Rognault gave for 
white nvirble 0*2158' (16'-98°) and for grey marble 0*2099 (23°-98°). Y. Tadokoro 
gave 0*202 for marble. In addition to J, Joly'e value for aragonite, vide supra, 

F, E. Neumann gave 0*2018; H. Kopp, 0*203 (lO'-tS*); H. V. Rognault, 0-20BD0 
(18°-99“); and G. Linder, 

* 60° ICQ* 150 s a00 J 250* 

Sp, ht. , V * Q'Stittf Q-2L21 0-2177 OB232 Q-22S0 

Percentage increase 2'fi 2*6 £ C 2 4 

* 

P. N. Laachtschenko found the curve showing the relation between the temp* and the 
amount of heat evolved on cooling aragonite cannot be distinguished from that of 
cfttcite up to 400* ; but at 445°, the heat of cooling aragonite increases rapidly to 
4G5' s -470° ; after that the curve again coincides with that for calcitc although there 
are indications of a divergence above 600°. H. V, Rognault gave 01475 (8 s -4)8 a ) 
for the sp, ht. of strontianite, and 01104 (ll e, -99°) for witherite. For the latter, 

J. Joly gave 01086, and P. N. Laschtschenko found 

250* 620° W soft* 810° AGO* MS* OTS* 1030“ 

Sp. ht, , ♦ Q lll> 0J26 0 J3O 0-J3U 0 H0 i) l5 1 OlJfS 0-461 *0-102 

It is inferred that a mol. change, occurs at about 800*, in order to explain the abrupt 
change. W, Nernst and F. Schwers found that the mol. ht. C p , of calcium carbonate, 
at 88*2° K. to bn 8 683, and at 22'3 D K., 0 996. 

The heat conductivity of marble was found by J. D. Forbes 3 to be 0 001 oal, 
per cm, per sec. per degree difference of temp.; E. Peclct found 0 007 ; and 
numbers yarying from 0 0054 to 0 00817 have been variously reported by C, Chris¬ 
tiansen, C. H. Lees, C. Grass!, K. Yamagawa, G. Stadler, IL Hecht, R, Weber, 

B. Lespretz, G. von Helmcrsen, 0. J. Lodge, etc. B. 0. Peirce and R. W. Wilson 
found that the thermal conductivity of a gram of marble between 0 C and 25 a is 
[>■01848(9—25) 1-0 001895(0—25) 2 . Y, Tadokoro gave 0 00555 for marble. Fox 
chalk, A. S, Herschel found O'O022, and R. Weber, 0 0017, For limestone, 

G. Stadler gave 0 00877. Fox calcite, A. Tuschmid found the conductivities 
parallel and perpendicular to the axis are respectively 0 006 and 0 008 ; C. H. Lees 
found 0 010 and 00084 respectively. E. Jannetaz found for the ratio of the two 
conductivities 0-913, and F. Stenger, 0 915. R. A. Nelson gave 0 00614 for the * 
conductivity'of white marble between 50° and 100°; 0(X)F>24 between 100° and 
150° ; and 0*00415 between 150° and 200°. 

According to J. Thomsen,the heat of formation of the carbonates of the 
alkaline t&rths: (Ca, 0 E , CG)=240 66 Cals,; (Sr, 0 £ , C0)=25l 02 Cals,; and 
(Ba, 0 E , CO)—25277 Cals. He also found (CaO, CO E )=55'58 Cals, in a dry way, 
and 18 51 in the wet way \ the respective values for strontium carbonate are 53 23 
Cals, and 20'55 Cals.; and for barium carbonate, 42 49 Cals, and 2182 Cals. M. Bex- 
thelotgavd(BaO, CO^nm) =50 0 Cals.; and (BaO, CO aB „)=&6QCak According 
to A. Finkelstein, the heat of forfhation of (CaO, CO a ) is 63'2 Cals, between 915° 
and 1300°, and J. Thomsen found 62 2 Cals, at ordinary temp., hence the former 
inferred that the sp. ht. of calcium carbonate must change in the same way as that 
of the carbon dioxide, - According to J. Johnston, the free entire? of the reaction 
calcium cafroonate-^oxide is 41'45 Cals, at 25°; for strontium carbonate, 44'9 Cals, j 
and for barium carbonate, 51 b 4 Cals. M. Beriftelot gave Ca(OH) 2 M+H 2 00$»q T 
=CaCC^ J(Kelplutfl "b*H a 0+19'6Cals,T for the corresponding reaction with strontium 
carbonate (crystalline) he gave 21‘0 Cals, and for barium carbonate 22 1 2 Cals, R, de 
Forerand gives GaO (M .+CO J} =CaCQ > 'f Aq, +4-3 Cals, J* Thomsen gives for the heat 
of decomposition of CaC^+'^aGO* (in *400 mole of water)——2 08 Cals,; for the 
corresponding reaction with tfrontium chloride, he found 0 23 Cal, R. de Foroxand 
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gives —1'3 Cak for the heat of transformation of amorphous precipitated calcium 
carbonate to caloite. P, A. Favre and J. T. SUbeim&mi found the beat ol tniU- 
lonnation of aragonite to calcite to be 4-2'36 Oak, while H. le Chatelier gave 
—0 l 3 Cal., H. Backstrom gave — Q'335 Col, ± O’100 Cal., and P* N, Laschtschenko, 
272 Cals. H. W. Foote believes that the heat of formation of calcite i& greater 
than that of aragonite, and therefore the transformation of aragonite to calcite is 
an exothermal process* H, L> J* Backstrom found the transition temperature to 
he —43 5 ±5 & , and to be raised 1° per 40 atm, increase of press. Hence, aragonite 
can never constitute a stable phase under ordinary circumstances. 

The iiutittUi of EOfraCdon of calcite, 11 /a* for the ordinary ray, and p* for the 
extraordinary rays have been measured from A—198^ in the ultra-violet to A^759p/t 
in the visible spectrum, and to A—2324 3/i/i in the ultra-red. * 

A * m 237 3(H 394 StfU 7% 900 7 14972 232*%i 

, — 1-70938 1-09317 1-68374 109933 104389 104389 1U34G7 — 

Ft * 167796 1 53Q0& 1-5082 8 1-4981(1 148640 1'4821 0 W82HS 14 7 744 14739 2 

Ultta'VlQlQt, Vldbl* Hpectnim, Ultra-rod, 


LI 071^4 Frt MW H0 488W* 

. 1-66388 1-65830 1 06785 

, 1 -48430 149043 J09089 


The mean values for the indices of refraction are 1 G3 for aragonite, 100 for 
calcite, and for the mean double refractions, 0136 and 0 172 respectively* Accord¬ 
ing to F* F. Martens, calcite is opaque for smaller wave-lengths than A— 

E, Ashkinass and T. Liebisch, and II. Rubens have measured the mfttfllliG reflec¬ 
tion of calcite. According to H. Rubens, and E. Merritt, calcite is dichroic in the 
ultra-red. The ordinary ray has sharp absorption bands at 2‘44 /a, 2'74/i, and for 
greater wave-lengths than 31^, it is nc longer transparent. The extraordinary ray 
has absorption bands at 3 28 /a, 3 75/ji, 4'6G/i, and for longer wave-lengthiLtban 5‘5 /a 
it is no longer transparent* E. P. Lewis and A, C. Hardy have measured the 
reflecting power of calcite for the ultra-violet rays; T, Liebisch and H. Rubens, the 
long-wave infra-red spectrum of strontianite; and B, Davis and W. M, Stempel, 
the reflection of X-rays, S, Procopiu studied the effect of suspended calcite on 
birefringence of carbon disulphide, etc* 

J. E. Burbank 13 found that minerals which contain calcium are in general 
strongly influenced by X-raya, and calcite gave a pale reddish-yellow phos¬ 
phorescence which becomes paler when the mineral is heated, and finally vanishes. 

1 C, Dodter found calcite is opaque to weak X-rays, W. C. Rontgcn found the elec¬ 
trical conductivity of calcite is raised 100 to 200-fold by exposure to X-rfcys* P. Bary 
found neither strontianito nor withcrifce fluoresces when exposed to X-rays, or to 
BeCqnereFs rays* According to C, Doelter, a specimen of colourless calcite was 
not affected by exposure to indium radiations, but a violet specimen wait darkened 
to a purple-red eolour after 10 hrs.* exposure* E. Newbery and H. Lupton found 
that samples of colourless calcite with minute cleavage planes showed a consider¬ 
able multiplication and enlargement of the Utter, but colourless crystals were 
otherwise unchanged * A sample of Iceland spar which luminesced^ under the 
action of radium, was thermo-luminescent alter the removal of the radium. 
A. Fochettino found calcite to be luminescent when exposed to the action of the 
cathode rays—catbodo-luiuinescence^and the colour is % same as the phosphor¬ 
escence produced by exposure to ordinary light; but with aragonite the colour is 
different. The afterglow persists a long time with calcite. fi* Schincaglia found that 
the fluorescent light of calcite is blood-red in all directions. W. Crookes found that 
calcite has a straw-yellow luminescence when Exposed to the cathode rays, and the 
glow persists after the current has ceased. The spectrum shotted no bands* H* Jack- 
son found that calcite, strontianite, and witherite exhibit a marked cathodo-lumi- 
ncscence; E* Newbery and H. Lupton, that a clear flawless crystal gave a fine red 
ccithododumineecenoe, while a sample of Iceland spar gave a winter light; the 
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variation in the colour of the glow appears to indicate that it is due to the presence 
of an impurity and is not an essential property of the pure substance, A piece of 
native strontianite also gave a fine orange-red glow on one part of the mass under 
the action of the cathode rays, while the other part remained unaltered. On warming 
the specimen so treated, a bluish-white glow was observed on the previously inactive 
part of the mass, while the remainder was quite dark, W, P, Headden and L, Cl6m- 
andot described the phosphorescence of calcite after exposure to sunlight, Some 
samples phosphoresced 13 hrs. G. F. Kunz and C. Baskerville found a sample 
phosphoresced after exposure to ultra-violet light, L, de Boisbaudran has studied 
the effect of impurities—copper and iron -on the phosphorescence of calcite. 

W. G Rontgen ia studied the electrical conductivity of calcite. C. Maragoni 
examined the directions traversed hy electric sparks passing through calcite. 
F. Kohirausch ‘measured the specific electrical conductivity of sat. aq. so In, of 
calcium carbonate at different temp, and found, 

precipitated. Cfo Idle, Aragonite. 
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The conductivity of the so In, of calcite is the least and that of aragonite the greatest. 
This is in agreement with the general observation that the electrical conductivity 
of the stable modification of a substance is less than that of the labile form. The 
dielectnp constant of calcite has been determined by M, Ftomich and J, Nowak, 

J* Curie, H. Starke, etc. For directions parallel to the c-axis, the reported numbers 
range from 7'5 to 8’5, and for directions normal to the c-axis, 7'7 to 9 9. W. Schmidt 
gave for calcite with A=75, 8 50 and 8 00 respectively for directions perpendicular 
and parallel to the c-axis; and for A^, the mean vatues of R. Fcllinger’s and 
M. von Pirani's determinations are respectively 8 59 and 7 87. W, Schmidt gave 
for the dielectric constant of aragonite for A^76, 9 8 in the direction of the a-axis, 

7 1 69 in the direction of the 5-axis, and 6 84 in the direction of the c-axis ; for A=®. 
R. Fclliiiger found 9 + 14 (a-axis), and 7 00 (c-axis), W. Schmidt found for witherite 
for A=7G, the dielectric constants 7 + 80, 7 50, and 6 35 respectively in the directions 
of the a -, b- t and c-axes. C. Thwing found 7 37 for the powdered mineral; and 
G + 13 for marble. 

According to Thomson's law, if F ho the intensity of the magnetic field, v the 
vol. of a crystal sphere, then M=DvF*t where D is a constant calculated from the 
chief axes Kj, J? 2 , Jf 3 of the crystal sphere, and the direction cosines A, /*, v such t 
that 2)= JST s — JST,Jfi—JST a )*} i. F, Stenger's and 
J, Bftckenkamp’s measurements with calcite did not agree with Thomson's formula ; 
W* Konig's measurements did. A. P. Wills found the magnetic susceptibility of 
calcite and of marble to range from —0 GXKT* to — l}-9xl(T 6 . P* Pascal gave for 
the mol. coeff. of magnetization of BaCO s , 569 XlO" 7 ; SrCQa, 467xlO’ r ; and 
CaCOg, 382x10-7. 

Chemical properties ol the carbonates ol the alkaline earths— Spezia 14 

observed no change in calcite and aragonite when kept 6 months under a press, of 
7000 atm. When calcium carbonate was heated to redness in a stream of hydrogen, 
A* P. Dnhrunfaut stated that it dccomjM^cd, forming carbon dioxide, water, and 
carbon. H, Rose also found some carbon dioxide is given off when dry air or 
hydrogen ia passed dver heated strontium carbonate* J, L. Gay Lussac and 
L. J. Thenard found that when water vapour is passed over strontium carbonate 
below its dissociation temp*, carbon dioxide is evolved and strontium hydroxide 
is formed. E, Donath and A. Laug state that the hardening of a mixture of lime, 
calcium carbonate, and water is probably duo to the formation of cafctum hydroxy- 
earbonale. t 

When calcium carbonate is treated vith cold chlorine water, A. W. Williamson, 16 
and A. Richardson observed that hypochlorous acid is formed; and this 
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bonate nod Hydrochloric Acid. 


decomposes when heated or when the sofa * m$onM } termingcalmm cfe Jh , 
a M*4gnon and F. Bounon found that when heated in a strewn of sufphnr ehhiide 
and chlorine, c&lciwn chloride is formed* P. A, Boiiey obtained rijniiar result 
with barium carbonate. The carbonates are readily soluble in hydrochloric acid. 

I. G. Bogusky found that the quantity of marble decomposed at any instant, of time 
is directly proportional to the cone, of the add at that instant, J. G. BogUflky and 
N. Kajander compared the effect of hydrochloric odd with that of nitric acid and 
hydrobromic add, and found the speed of the reaction ia inversely as the mol* 
wt. of the acid. Sola, which have an eq. cone, of acid react with the same velocity^ 
or the mol. reaction velocity of the acid is Independent of the chemical nature of 
the add. W. Spring found that at a constant temp., nitric, hydrochloric, and 
hydrobromic acids, as well as hydriodic add and hypochlorous add of ,«q, 
cone., react with the same velocity. The action of ocotio add is not uniform, 

but the velocity of attack is less , 
than tii at of the other acids. 
W. Spring observed that there is 
a marked period of induction, OB, 
Fig, 56, and this is followed by a 
period, BC, during which the speed 
of the reaction is proportional to 
the cone, of the add* There is 
then a period, CD, during which 
the speed of the reaction is greater 
than what would occur if the rate of the reaction* were proportional to the 
oonc, of the add. W. Spring represents the effect of temp, 0 on the velocity V 
by the exponential equation : w ij ere jfc j a a constant. He also found all 

cleavage surfaces of calcspar are dissolved at the same rate ; at 15° a surface cut 
parallel to the chief axis is dissolved by 10 per cent, hydrochloric add at^the same 
rate as cleavage surfaces, but at 35°, the former surface is attacked 123 times as 
fast, and at 55°, 128 times as fast as the cleavage surface. The speed of dissolution 
of a surface cut normal to the chief axis is 114 times as great as one cut parallel to 
that axis. W. Spring compared the speeds of dissolution of surfaces perpendicular 
and parallel to the chief axis with the indices of refraction of the ordinary and 
extraordinary rays ; and G. Cesaro, with the elasticity of the crystals. W. Spring 
also found that acids attack aragonite rather more slowly than caldte, for, at 15°, 
the speed of dissolution of aragonite in 10 per cent, hydrochloric acid is 0'476. 
L. Lavimri found that the rates of attack of aragonite on the basal and prismatic 
surfaces are as 3; 1. C, Vallee, and M, Geiger studied the action on marble of 
soln. of acids in ethyl or methyl alcohol. W. Spring showed that if a crystal of 
calcite be partially immersed in hydrochloric acid, the action is most rapid, at 
the surface, so that the crystal is cut in two pieces. Similar results were 
observed with sugar and water. If dry calcium, strontium, or barium carbonate 
be suspended in absolute alcohol, it is attacked by sulphuric, nitric, or acetic acid 
with extreme slowness—between three and four months being required for complete 
neutralization. The velocity of the action is slowest with barium carbonate, and 
fastest with the calcium salt. By introducing Water, the speed of neutralisation 
is increased proportionally with the amount of water added, L, Kahleuberg and 
H. Schlundt found that calcium carbonate is not attacked by a soln. of hydrogen 
chloride in water-free hydrogen cyanide. The speeds of^diesolutbn of barium 
carbonate in hydrochloric and nitric acids has been measured by B, fawlew&ky. 
H + Cantoni andG, Gogu&ia 19 found that boiling soln. of anunoniuin chloride react 
with calcium or barium carbonate as typified ty BaCQj+SNHiCi—BaClj+SNHa 
+H £ G-hCG E , They also studied the action of potassium chloride or sodium 
chloride, and E. Taponicr. potassium and sodium bromides aq,well as atnmaulpm 
bromide on barium carbonate; H. Schreib found the speed of decomposition with 
tflcmm carbonate depends on the grain size of the carbonate, and that the 



the Alkaline earths m 

decomposition U oomplete. The solubilities of the alkaline earth carbonates in 
aoln, of the alkali and ammonium chlorides has been previously considered* 

F. Setftini 1T found that carbon dioxide is evolved when calchup carbonate is 
heated with boiling sulphur, and calcium sulphide is formed* According to 
E. Pollpcoi, when a mixture of calcium carbonate and sulphur is moistened, with 
water and allowed to dry, and the moistening and drying repeated several times, 
gypsum is formed* A, Cos&a denied that the reaction occurs, even if the mixture 
be boiled 8-10 hre. It is supposed that the apparent discrepancy is due to the oxida* 
jjion of the sulphur to sulphuric acid during the drying of the mixture. G. Belluoci 
found that moist mixtures of calcium carbonate and sulphur form calcium sulphate 
in 75-80 days ; and in the presence of organic matter in 3<>—35 days. The amount of 
sulphate formed is small, T, Brugnatelli ami P. Fellogio found that in E. Pollsters 
experiment sonic calcium thiosulphate as well os sulphate is formed, and they believe 
that the sulphur is oxidized at the expense of the water, and not by atm* oxygen. 
They found tetrathionio and pentathionic acids appear before the sulphuric acid. 
C* Geitner found that if calcium carbonate be heated with water and sulphur at 
12G D -130 fl , calcium sulphite and traces of sulphate are formed ; at 150° the liquid 
is coloured blue, green, and brown, and on cooling it becomes yellow owing to the 
formation of calcium polysulphidc ; similar results were obtained with strontium 
and barium carbonates* According to L. Naudin and F. de Montholon, when 
calcium, strontium, or barium carbonate, suspended in water at 10°, is treated with 
a slow current of hydrogen sulphide, it is gradually converted into sulphide, 
the conv#Tskm being partial or complete according to the proportion of water present. 
The soln* is colourless at first, but turns yellow in the air. E. Divers and T, Shimidzu 
observed that while calcium hydrosulphidc is decomposed by carbon dioxide, 
precipitated calcium carbonate, suspended in water, is decomposed by a stream of 
hydrogen sulphide. Similar remarks apply to barium carbonate. II, Feigel found 
that sulphur chloride converted calcium sulphide into a yellow products possibly 
calcium aulphochloride, CaS 3 Cl 2 . L. Kahlcnberg and II. Schlundt found that a soln, 
of sulphur trioxide in water-free hydrogen cyanide does not attack calcium carbonate. 
A, Gosemann studied the action of alkali sulphates on barium carbonate. 

A, Soheurei-Kestncr 18 observed that when calcium carbonate is calcined with 
24 per cent, of carbon, a mixture of 87'8 per cent, of carbon monoxide and 12 2 per 
cent, of carbon dioxide is evolved. At a red heat, however, A. P. Dubrunfaut 
found that calcium carbonate is not decomposed by carbon, but if steam be passed 
over the mixture, carbon monoxide is evolved. A. Finkelfitem studied the equi¬ 
librium press, of the system containing carbon, baiium carbonate, carbon monoxide 
and dioxide. * When heated in tho electric arc-furnace, a mixture of calcium carbonate 
and carbon furnishes calcium carbide (^.w,). L. F. Caillebet found that calcium 
carbonate is not affected by liquid carbon dioxide ; for the action of gaseous carbon 
dioxide, tfide injta hydrocarbonates. H, Debus studied the distribution of carbon 
dioxide between barium and calcium salts. H. Cantoni and G. Goguelia studied 
the action of alkali chlorides ; E. Taponier, the action of the alkali bromides; 
andL, Yecchiotti, the action of the alkali nitrates. The observations of R. Bunsen 
and L, Playfair on the action of nitrogen on heated barium carbonate may he 
regarded aa the starting-point of ^he attempts to bring about the direct synthesis 
of cyanogen from carbon and atm. nitrogen. According to G. Diagendorff, at a 
red heat, calcium carbonate is imperfectly decomposed by phosphorus, forming 
carbon and oalcium phosphate, and, according to S. Tennant, calcium phosphide. 
Barium carbonate was*found by G. Drsgendorff to bo decomposed in a limited 
meaaure when heated with red phosphorus. A. Fr£bault and A. Destrem found 
that when calcium carbonate is trdhted with sodium bydiophosphato, Na 2 HP0 4i 
a basic oalcium phosphate and sodium hydrocarbonate are formed. When calcium 
carbonate is treated with a soln. of ammonium phosphate, R. Irvine and 
W. S. Anderson found an exchange of the acid radicles. 

J. L. Gay Luseac and L. J. Thcnatd found that when a mixture of calcium 
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carbonate and sodium is warmed, vivid inflammation occurs, and a black mass i* 
formed which leaves a residue of carbon when treated with hydrochloric acid. 
J. W, Ddboreincr also studied tho reaction, The clear melt obtained by fusing 
barium carbonate with four times its weight of barium chloride, was found, by 
F. Haber and S, Tollocxko, to deposit dendritic carbon on the cathode when, electro¬ 
lyzed at G50M500 D , J.ParkinsonandC. Winkler found that magnesium completely 
reduces the carbonates to the corresponding metal. J, A* Hedvali and J. Heuberger 
found the temp, at which the reaction begins and the heat of the reaction to be 
respectively 280° and 614 Cals, for BaO-|-SrCO^=SrO-i-BaCO a ; 240° and 20 14 
Cals, for BaO-HCaCOj^CaO-l-BaCOij; and 400° and 8 Cals, for SrO-|-CaCO a 
^CaO+SrCfV 

J, von Liebig found a cone. soln. of potassium hydroxide decomposes caJcuim 
carbonate. C. J. B. Karsten observed no change when an aq. iobi. of barium 
hydroxide .at 15° to 19° is allowed to act ten months on precipitated calcium 
carbonate—the precipitate remains free from barium, the soln. free from calcium. 
A. Rosensfchiehl found no change occurred when the soln, were boiled. F t Knapp 
added a little baryta-water to spring-water containing a little calcium hydrocarbonate, 
and obtained either no precipitate or a slight turbidity. The addition of an excess 
of baryta-water, or boiling the soln., results in the precipitation of barium and 
calcium carbonates. According to j C, + J, B + Karsten, calcium hydroxide is not 
ohangtd by a cone, soln. of potassium carbonate ; and a clear soln. of lime-water 
remains clear when mixed with a cone, soln. of potassium carbonate, and if the soln. 
be diluted with water, calcium carbonate is precipitated. According to Lcbeau, 
mixtures of calcium carbonate with the alkali carbonates decompose completely at 
about 1000° in vacuo. The dissolution of the mixed carbonated proceeds much less 
readily than that of calcium carbonate alone, and the dissolution press, of the mix¬ 
ture is always lower than that with calcium carbonate, and higher than that with 
alkali carbonate for the same temp.; thus, tho decomposition of the mixture with 
ctosium carbonate began at 540°, and tho dissolution press, at 1020° was 490° mm. 
—that of calcium carbonate alone is greater than one atm. It is said that these 
facts point to the existence of double carbonates of calcium and tho alkali metals, 
possessing different dissociation^ press. Mixtures with lithium carbonates lose 
lithium oxide by volatilization. 

According to C. J. B, Karsten, a mixture of sodium chloride with twice its weight 
of calcium carbonate melts at a bright red heat—a higher proportion of sodium 
chloride gives a more fusible mixture, and a smaller proportion of that salt gives a 
Jess fusible mixture. The dear melt solidified to a mass with a scaly fracture. 
P. Berthier made observations on this subject. Similar observations were made 
by P. Bcrthier, C. J. B. Karsten, and J. W. Bdbereiner with respect to strontium 
and barium carbonates, W. O.deConmckandL. Arzalier found that when strontium 
carbonate is shaken for 4 months with a cone. soln. of potassium chloride, some 
strontium chloride is formed by double decomposition, P, Bcrthier also observed 
that equi molar parts of calcium chloride and calcium carbonate form a clear melt; 
and J. FriUschc prepared microscopic plates of what lie regarded as hexahydrated 
caldma chloro-carbouate, CaCLSCaCO^.flfLO, by leaving a highly cone, ammoni- 
acalsoln. of calcium chloride exposed to air contsfteing carbon dioxide. The crystals 
are said to belong to the rhombic or monoclinic system; and they arc decomposed 
by water. According to F, B. Guthrie, fused sodium nitrate dissolves 0*294 per 
cent, of calcium carbonate; 0'69 per cent, of strontium carbonate; and O'916 per 
cent, of barium carbonate, E. Ramann and H. Sallingen.studied the equilibrium 
conditions in the reaction; KjSOi+BaCO^KaGO^+BaSOi. 

R, Irvine and W, S, Anderson treated co;aJs with soln, of manganese, zinc, 
chromium* mercury, and tin chlorides, iron sulphate, nickel, cobalt, copper, lead, 
and silver nitrates, and ammonium phosphate. The action pt salts of nickel and 
cobalt was very slow, whilst that with salt&of copper and manganese was rapid. In 
most cases there is a direct interchange, the oxide of the metal taking tho place of the 
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lime* Silver and mercury salts are deposited as oxides. Freshly prepared and 
moist barium carbonate precipitates hydroxides or carbonates from hot or cold soln. 
of many metal salts. Thus, H, Rose 10 decomposed cold aoln. of the oxy-salts of 
copper, cadmium, mercury, tin, and palladium, G. Bauck likewise decomposed 
cupric shloride, but not mercuric or palladous chloride. H. Rose further noted 
that salts ol aluminium and zirconium - are incompletely decomposed, while the 
salts of the aesquioxides of manganese, cobalt {acetate), iron, bismuth* uranium, 
and rhodium (chloride), and iridic chloride arc completely decomposed* Anti- 
monious and arsenious salts are precipitated by barium salts. Cold soln. of calcium, 
strontium, magnesium, yttrium, and silver are not precipitated. Ferrous and 
manganous salts, according to H, Rose, are not precipitated, while, according to 
G*41auck, they are in great part precipitated^an excess of carbon dioxide hinders 
the precipitation* C. J. B* Karsten found barium carbonate decomposes soln. 
of magnesium and calcium chlorides very slowly, W* Mcigen compared the action 
of aragonite and calcite on soln* of salts of the heavy metals. 

' The hydrooarbonates of the alkaline earths*— J. H. Gladstone 20 obtained 


a white earthy mineral which he called hovite, and which contained alumina and 
silica besides lime and carbon dioxide in the ratio 1 : 167 to 1 99, thus corresponding 
closely with the proportion required for calcium hydroCfttbonate, Ca(HC0 3 ) 2 . 
The solvent action of aq. soln. of carbon dioxide on the carbonates of the alkaline 
earths noted by H* Cavendish in 1766, has been previously discussed, and the various 
phenomena are explained on the assumption that an unstable hydrocarbonste is 
formed » 

_n 

HO* ^ ^ n ,* 

HO >f3 "° G»< 0 >C-0 Ca <(i „ 


Carbonic acid. Calcium carbonate. Caltfnm hydtocaibonatft, CajHCOaV 


F* K. Cameron and W. 0. Robinson measured the yap. press*, p cm. of mercury, 
produced when successive amounts of carbon dioxide, vt grins., are added to wet 
calcium carbonate at 0°, and found: 


ti? .0 00 0 014 0 05ft OOPS 0 140 fP182 0224 02C2 

p 70 84 127 174 220 268 614 340 

The curve is approximately a straight line making a largo angle with the p-axis. 
There is therefore no sign of the formation of a new solid carbonate by adding carbon 
dioxide to wet calcium carbonate below 4Ti atm. press, at 0*. 

•When thft hydro carbonates of ammonium, potassium, or sodium are added to 
a soln. of a calcium salts, calcium carbonate is precipitated—less completely, added 
V. Rose, the greater the proportion of water present. According to C. L. Berth diet, 
and G. Lbngchamp, by mixing a aoln. of an alkali hydrocarbonate with a soluble 
barium salt, a soln. of barium hydrocarbonatc is obtained if a largo proportion of 
water be used. Soln* of barium hydrocarbonatc were also made by J. Setechenoff, 
P, Carles, etc., and when evaporated furnished a mixture of amorphous and crystalline 
barium cafbonate ; and a crystalline precipitate when the soln. was boiled* Accord¬ 
ing to G* Rose, when the sat. solfi. of calcium hydrocarbonato is warmed with the 
exclusion of air, calcium carbonate is precipitated because the salt is less soluble 
hot than cold? A. Binr&u found that when the soln. is allowed to stand in vacuo, 
or over solid potassium hydroxide, some calcium hydrocarbonatc remains in soln. 
The passage of an inert gas through a soln. of the hydrocarbonates of the alkaline 
earths was found by D. G ernes to precipitate the normal carbonate. R. Ludwig 
and 0. Theobald found that soln. 1 of calcium hydrocarbonatc deposit calcareous 
tufa or sinter when in contact with mosses, roniferec, or algor* When ns scent 
hydrogen is passed* through a soln. of a hydrocarbonate of the alkaline earths, 
A. Lieben found that formates are produerd. F. Ullik found a soln. of calcium 
hydrocarbonate converts strontium sulphate into carbonate. 
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Attempts were made by E, H, Keiser and S. Leavitt to isolate the hydrocarbon- 
ates of the alkaline earths by adding an excess of alcohol and ether to the aq, eoln. 
of the acid carbonate, made by conducting an excess of carbon dioxide through a 
soln, of tho hydroxide; a white flocculent precipitate was formed which rapidly 
gave off carbon dioxide and left behind the normal carbonate. By treating a soln. 
of the chloride of the alkaline earth with a soln. of potassium or ammonium hydro- 
carbonate both cooled by a freezing mixture, a heavy flocculent precipitate of the 
hydrocarbonate is formed which con he dried by press, between filter paper in a 
trough surrounded by a freezing mixture. Analyses fcy E + H, Keiser and L. McMastef 
agree with the formula CaCQj.l'fSHjCOg, and with BaCO^r5H E C(V The products 
may be CafHOGsfo or Ba(HCO^) Ei with some admixed or absorbed carbonic acid. 

Complex or doable salts of the carbonates of the alkalies and aflmHne 
earths.— P. Lebeau 21 obtained small acicular crystals of lithium C&ltfum carbonate 
by fusing a mixture of one mol of calcium carbonate with two mole of lithium 
, carbonate in an atm. of carbon dioxide, and treating the product with a small quantity 
of water; the salt is decomposed by excess of water, and when heated in a vacuum 
is dissociated, the dissociation press, for any particular temp, being intermediate 
between those of the constituent salts. The product of complete dissociation is an 
isomorphous mixture of lime and lithia in the form of regular octahedral crystals. 
The formation of these mixed crystals ftf lime and lithia indicates that the crystals 
of the tetter belong to the cubic system, P. Bcrthier, and H. le Chatelier melted 
calcium carbonate with sodium carbonate; the latter employed equi-molar propor¬ 
tions, and obtained a mass with a crystalline fracture which is possibly sodium 
calcium carbonate, Na^CajOCy^ A. Lamy obtained turbid suln. by the action 
of potassium or sodium carbonate on lime-water, J. H. Pratt found pyramidal 
rhombic cnwtals of the dihydrated form of this salt, Na 2 Ca{C{^) 2 .2B 2 0, in the borax 
deposits of California, The mineral was called pimorcite. Artificial crystals were 
made by 0, Biitschli, by digesting a mixed soln, of sodium hydroxide and.carbonate 
with calcium carbonate for a few days at 40^-50°. The salt is also made by mixing 
an excess of a oonc. soln, of sodium carbonate with one of calcium chloride, and 
digesting the amorphous precipitate with the mother liquid for 12 hrs. in a closed 
vessel on a water-bath. The crystals are rapidly washed with water' then with 

alcohol and ether ; and dried over sul¬ 
phuric acid. The rhombic pyramidal 
crystals were found by J. H, Pratt 
tu have the axial ratios a\b:c 
= 0 5662 ; 1 :0 9019. According to 
A. de Schulten, the s^, gr. of'the 
natural crystals is 3 352 (15 D ),and of 
the artificial 2'349 (15°), The crystals 
scratch oakspar but not 'fluorspar. 
The salt is stable in the air, and when 
heated to 100°, but at 130 c it loses 
14'2S per cent of water; the residue 
melte at a red heat; 790^ according 
to le Chatelier; or $13°, according 
to P. Niggli, The f.p. curve of 
P. Niggli for binary mixtures of sodium 
and calcium carbonates js shown in 
&C0J ™ CzC0 5 Fig, 57, The salt is slowly decom- 

Fra. 07*—Fusion Curve of Binary Mixtures pOS^d into its components by water, 
of Sodium and Calcium Carbonates. R. v Wegscheider has studied the equi¬ 
librium condition* of pirasonite, and 
he found it to be stable at 60° in soln. containing l'Sito and 

2*6 to l*33T-NaQH; and at 80" in solnrwith 19 to 3*SiV-Na i! CQ&, and 2‘ 9 to 
3’Off-NnOH. 
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The pentahydiated salt, Na 2 Ca(CX) B ) 2 ,5H £ O f owura naturally as gaylussanite. 
G. H. Bauer obtained it as a white powder by adding sodium carbonate to a sob, 
of a calcium salt above 0°. The gelatinous precipitate was found by J. Fritzsebe to 
form on standing finely divided calcium carbonate and crystals of gaylussafite, 
J, Fritgsohe obtained this salt by the prolonged action of a cone, soln, of sodium 
carbonate on amorphous precipitated calcium carbonate; 0. Butschli obtained it 
by treating the corresponding potassium salt with a cone. soln. of sodium carbonate. 
M. Barrs stated that when precipitated calcium carbonate is boiled with a cone, 
soln. of sodium carbonate, the dihydrate, not the pentahydrate, is formed. The 
compound is net formed at 98° unless at least 21'06 per cent, of sodium carbonate 
is present. According to R. Wegscheider, at temp, exceeding 40°, gaylussaoite is 
not stable, since, in systems containing water and sodium and calcium carbonates, 
it passes into piissonite. The minute prismatic crystals of gaylussacite belong 
to the monoclinio system with axial ratios a: b :c=14897 :1 : 1*442 and 
0=101° 38'. In 1829, G. Barrucl analyzed a sample of what was probably impure. 
gaylussacite; itssp. gr was 2-291. G. H. Bauer found artificial gaylussacite weathers 
in dry air. According to J. B. J. D. Boussingault, the powdered uncalcined mineral 
dissolves in water, and is only slightly decomposed thereby. H, Rose also found 
that the mineral previously heated to 100°, is decomposed by water into its com- 
ponent salts. A. de Schulten has drawn attention to the peculiar fact that gay¬ 
lussacite loses all its water of crystallization at 100°, while pirasonite loses its water 
at 130°. According to 0. Butschli, the mineral dehydrated at 105°, re-forms gay- 
lussacitq when treated with a cone. soln. of sodium carbonate; but with a cone, 
sob. of potassium carbonate, hexahydrated potassium dicalcium pentacarbonate, 
3K2C0^.2CaC0g.fiH 2 0, is formed in double refracting hexagonal plates. It is also 
formed by the action of a very cone. soln. of potassium carbonate on calcium 
hydroxide, or on precipitated calcium carbonate. H. Molisch also prepared this 
salt. H.Je Chatelicr prepared a crystalline mass of potassium calcium cafbOUate B 
K^CalCC^Ja, melting at 790°, hy fusing a mixture of potassium and calcium car¬ 
bonates. M. Barre obtained prismatic crystals of potassium calcium carbonate, 
K a CO*CaCQ 3 , which ate readily hydrolyzed by water, 
and at 18°, are stable only with over 59 25 per cent. 

K 2 C0g. P. Niggli gave 813° for the m.p., and his 
f.p. diagram for binary mixtures of potassium and 
calcium carbonates, is shown in Fig. 58. 0. Biltschli 

obtained double refracting rhombohedrai crystals of 
the same salt by rubbing up a little calcium hydroxide 
with a very i conc. soln. of potassium carbonate ; or 
by digesting the same soln. with calcium carbonate at 
40°-60°, When either of these salts is treated with 
aodiuin carbonate it forms gaylussacite. H.leChateller 
obtained a crystalline mass, m.p. 760°, thought to 
be the triple salt: sodium potassium calcium car- 
bouatetKiCOg.NftsCOa.ECaCO^, by melting and cooling 
an eq. mixture of the component salts. P. Nigglt 
studied the systems, Na a O—CaO -C0 a , and 
NaCl—NaaCO^—CaCOfl—CaCla, between 600° and 
1000°, and with the carbon dioxide at one atm. 
press. Similarly, witll systems Na a O—TiO a —C0 2 ; 

KjO—TiGj—C0 2 , K$G—GaO—TiO a —COg. The so- 
called cupro-calcile found at Jca, in Peru, and examined by A. Damour and 
A. Raimondi, has 50'45 per cent. 1 Cu^O, 10'26 per cent. CaO, 24 00 per cent. 
CO*, and 3 l 20 per cent. HjO, and it is probably a mixture of cslcite and 
cuprous oxide, H.*le Chatelier prepared a crystalline mass, sodium barium 
Carbonate, NagBafCO^ m.p. 740°, by fusing and cooling an eq. .mixture of 
the component salts. Similar results were obtained with potassium barium 
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carbonate, K 2 CO^.BaCOg t m.p, 800°. The crystals are uniaxial and negative; 
they are stable in air; and decompose above their m.p. with the lose of carbon 
dioxide. Sodium strontium carbonate, N^Sr{COj) 25 ra.p, 7150°, , was made 
in the same way, M. Barre said that barium aud strontium carbonates 
do not form double salts with the alkali carbonates in aq. sola. The mojioclinic 
mineral harytocolcite, described by r T. Thomson, has axial ratios cubic 
—07717 :1:0 6255, aud J3-=10 G o S', This and other analogous mixed crystals, 
bromide and neotype, represent a series of so-called barium calcium carbonates. 
Similarly, also, file minerals emmonite and tfrontiocaktie represent strontium 
calcium carbonate. There is no sign of the formation of alkali* compounds of 
strontium or barium carbonate when the latter are digested with soln, of the alkali 
carbonates. H. le Chatelier prepared the triple salts, potassium barium calcium 
carbonate, K s CO| 3 .O i 5BaC0 3 .0'5CaCO^, m.p. 753 d ; and sodium barium 
calcium carbonate, Na a C0 3 .U 5Ba00 3 .o < 5Ca(X) 3 , m.p. 660°; and sodium stron¬ 
tium calcium carbonate, Na^CO.O SSrCQg.O 5Ca(J0 3l m.p. 720°, by melting 
together eq. proportions of the constituent salts. Similarly, with the quadruple 
salt, potassium sodium barium calcium carbonate, KaOO^Na^CO^.CaCO^BaCOg, 
melting at 690°. There ie little evidence that these salts are chemical individuals. 
According to H, E. Boekc, mixtures of barium and calcium carbonates, under a 
high press, of carbon dioxide to prevent dissociation, show a eutectic at 1139°, 
corresponding with O iTBaCt^.O-SaCaCO^. There is no sign of the formation of 
barytocidctle, BaCOg.CaCOg* 
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g 24. Nitrates of the Alkaline Earths 

CalcitAn nitrate occurs as wall saltpetre, or nitrocakite, as a n effloreaeoence on 
walls; in spring waters; and, according to T* Schlosing,* in soils* P* Groth has 
described a specimen of barium nitrate, barytasaUpeire, which he found in Chilian 
saltpetre* The nitrates of the alkaline earths are produced by crystallization from 
a soln. of the oxides, hydroxides, carbonates, or sulphides in dil. nitric acid. 
A, Dallas, 8 and F* Kuhlmann precipitated barium nitrate as a crystalline powder 
by adding a hot sat. soln. of sodium nitrate to a soln. of barium chloride, about 
one-third of the barium remains in the mother liquid, and it can be recovered by 
evaporation; J 1 . Muck used a somewhat similar process for barium and strontium 
nitrates* F. Mohr also obtained barium nitrate from a mixture of barium sulphide 
and sodium nitrate, but G. C. Wittstein does not recommend the process because 
of the incompleteness of the exchange. 

Anhydrous barium nitrate, Ba(N0 a ) 2 , crystallizes during the evaporation of 
aq. soln* of the nitrate. It is prepared commercially by the action of sodium 
nitrate on a qpln. of barium chloride or barium sulphide. 0. H, Hfrael claims to 
have obtained cubic crystals of dihydrated barium nitrate, Ba(NO a ) 2 .2H^O, by the 
evaporation of aq, soln. between 0* and 12°, but this is thought to be a mistake; 
R. A. Ber^y obtained tetrahydrated barium nitrate, BafNObJ.iH^O, isomorphously 
mixed with 83 per cent* of tetrahydrated strontium nitrate, by saturating the 
same water with both nitrates, introducing a crystal of the tetrahydrated strontium 
salt, and evaporating in vacuo over sulphuric acid; if the temp, is much higher 
than 0°, admixture of crystals of anhydrous barium nitrate and tetrahydrated 
strontium nitrate is obtained. Anhydrous strontium nitrate, Br(NCy 2 , crystal¬ 
lises from hot soln,, according to A. Sasochi, at temp, exceeding 25*, although, 
according to A L* Baker, by the slow evaporation of a sat* soln* at 32*, he obtained 
a mixture of anhydrous* salt and tetrahydrated strontium nitrate, Sr(NO e ) 2 *4H a O, 
J. T. Coop^j, and R* Kirwen assumed that the hydrated salt was a pentahydrate, 
but A* Souohay and E* tenssen, and A. Laurent showed that the fcetrahydrate is 
prodnoed* A. L. Baker failed to prepare a higher hydrate than this by the alow 
evaporation of soln. at temp, ranging from 2* to 32°* H, Lesc©ur could make only 
the anhydrous salt. According to G* J, Mulder, the transition temp, for the 
tetrahydrate and the Whydrous salt is $1'3*; Earl of Berkeley and M. P. Appleby 
gave 20-3*. * 

At ordinary temp. G. H. Heqj, N. A. E. Millon, and J. C* G* de Marignac found 
vol. m. 3 i 
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that tetrahydrated cfilchun nitrate, CafNO^AffaO, separate* from aq, sob, in 
moQoclimc prisma. H. Lescoeur’s vap. press- measurements also agree with the 
formation of this hydrate. J. G. Gilbert prepared calcium nitrate by mixing cone, 
win. of calcium chloride and sodium nitrate so that the solo, is sat, with calcium 
nitrate and sodium chloride at 80*. The precipitated sodium chloride Is amoved, 
and the tebrahydrated calcium nitrate precipitates below 30°. The conditions of 
stability of the different hydrates of calcium nitrate in aq. soln. by H. Bassett and 
H. 8. Taylor'are illustrated in Fig, 59; in acid soln., in Fig. 60; and in alkaline 
eoln., in Fig. 61. M. Hasselblatfc showed that melted tetrahydrated cadmium 
nitrate cannot be inoculated with tetrahydrated calcium nitrate^ but the former 
readily inoculated the molten calcium salt. It was therefore inferred that there 
are two forms of tetrahydrated calcium nitrate, an unstable or £-form jsomorphous 
with tetrahydrated cadmium nitrate* and melting at 397°, and the ordinary 
stable or a-form, melting at 42 l 6°. H. S. Taylor and W. N, Henderson prepared the 
unstable ^3-form by the inoculation of a superaatured soln. of calcium nitrate, over 
30 c , with a small crystal of tetrahydrated cadmium nitrate. The solubility relations 
and the equilibrium conditions are illustrated in Fig. 59. Anhydrous caloium 
nitrate* Ca(NO^) a , is obtained by dehydrating the tetrahydrate at about 170°, 
N. A. E. Millon reported the hydrate* CajNQgJg.SjH^O* but D. Gemcz showed that 
the latter is impure tetrahydratc, and that it crystallizes from soln. containing less 
wateiHhan corresponds with the tetrahydrate, H. Lescneur prepared trihydrated 
calcium nitrate, CafNO^dHgOj by adding on equal volume of fuming nitric 
acid to a sat. aq, soln. of the nitrate, and seeding the soln, with a crystal of the 
anhydrous salt. H. Bassett and H, S. Taylor prepared the trihydrate by allowing 
a supersaturated soln. to crystallize at about 45°—irafe Figs. 59 and 60. H. Lescceur 
deduced the existence of a tri- or di-hydrate of calcium nitrate, but his method of 
preparing the latter furnishes a mixture of hydrates and the anhydrous salt. 
H, Bassett and H. 8. Taylor prepared crystals of (fihyftr&fed calcium nitrate, 
Ca(NQa) a .2H 2 0* by crystallization from soln. between 48 4° and 51 3* ; the dihydrate 
is stable over a considerable range of nitric acid cone., as illustrated in Fig. 60. 
No hydrate between Ca(NG 3 ) 2 .H^O and the anhydrous salt was observed. 
W. A. Tilden reported hexahydrated calcium nitrate, CafNOala.GHgO, melting at 
2G'4 Q ; but no one has confirmed this observation. There am thus three hydrates 
of calcium nitrate whose individuality has been established. 

Isolated measurements of the gullibility of calcium nitrate in wder have been 
made by A. B. Poggiale, 3 and G. J. Mulder ; the former gave for 100 parts of water 
at 0°, 84'2; and the latter* 93'1 parts of CalNQgJa. Determinations were also 
made by J, Legrand* F, Guthrie, F, Mylius, and B, Funk, and F, K, Cameron and 
W, O. Eobinson. Table XIV contains a selection from the results of H. Bassett 


Table XIV.—The Solubility or Calciuw Nitrate in Water. 
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Ice 
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Tetrahydrate 

40° 

1 08-21 

PP 

65° 

7816 

-ID* 

4731 
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421° 

83'76 
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100° 

73-43 

0° 

BO'50 

“ 

42-46° 

71'60 

P* 

161° j 

7900 


\ 

SoIEd fituLse. 
Trihydrate 


if 

Dibydrate 

Anhydride 


i* 


and H. 8. Taylor above —167°; and of F, Biidorfi below that temp.; the result* 
are expressed in grams of Ca(N0^) 2 per 100 grins, of sat. aoln,, when 287° is the 
eutectic temp.; 427°, the m.p. of the tetrahydrate; and 511*, the m,p. of the 
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trihydrato. The results of H, B. Taylor and W. N. Henderson for the a- and 
j9-forma of tetrahydrated calcium nitrate arc shown in Table XV, where 39 7° with 


Table XV.— Solubility or Tutka hydrated Camuuk Nitrate in Wateb. 


9 ; OKNOiV 

Solid phase. 

8 

CKNO^, 

Solid ptLB3& 

9 

Ca(NOtf,. 

0° 5017 

a 

34° 

63-00 

P 

33-0° 

69’60 

iffi'S* 50-88 

a 

35 D 

62-88 

a 

40 fl 

(10 22 

001(1 1 

h 

38" 

04 24 

a 

42-7° 

03-50 

W fll-57 

-* 

P 

3« fl 

06-05 

P 

\2.r 

7 7’30 


G9G0 per cent* jS-Ca(NQu) 2 ,4H 2 G t and 42 7^ with 71-70 per cent, a-C&(m^AR 2 0 
are reflex points. The corresponding curves for binary systems, Ca(NQaJ 2 —H 2 0, 
are shown in Fig. 59. The curve OA is the ice-line, and A is the eutectic point— 
at —287° with 42'9 per cent, of CajNOg)^ The curve ABC represents the solu¬ 
bility of the a-tetrahydrafce, and ODE, that of the trihydrate. The maxima of 
these curves at B t 42 7°, and D 
&ll u , represent true nj.p. The curvo 
represents the solubility curve 
of the |9-tetrahyd rate, and illustrates 
the solubility curve of a metaatable 
hydra to with a metastable rn H p H 
The solubility curve EF of the 
dihydrate docs not have a true m.p,, 
but exhibits a transition temp., 513°, 
where partial fusion occurs, with the 
formation of the anhydrous salt and 
a sat, soln. The curvo FC above 
51-3* represents the solubility of the 
anhydrous salt. The extensions of 
the different curves beyond the 
regions indicated represent super¬ 
saturated soln. or metastahlo states. 

Isolated measurements of the 
■ solubility of strontium nitrate in 
water were made by A, B. Poggialc, 

G. J, Mulder, and P. Kremers, who 
gave at 0° respectively 4016, 39'5, 
and 43*1 grms. of Br(NO^} 2 in 100 
gims. of water; and at 100°, they 

gave respectively 119-25,101 Land 1065 grins, Earl of BerkeleyandM.P. Appleby's 
data for the solubility of strontium nitrate, expressed in grams of Sr(N0 3 ) 2 per 100 
grms. of water, are : 

(r&s f Hfi* Inca* 30 21*“ ssr?4- era** 7 bds* ssw 

Sr{NG,) t . . 40’124 00-007 87-048 08'5 77 90^)80 93 850 97’8 65 10(V136 

* "-—-■" --- 

Solid phua # fltfNO^SiO 

The transition temp, fiom the tetrahydrate to the anhydrous salt is 29 + 3°* 
G. J. Mulder gave 101T for the solubility at 100°, lOS'S at 105°, and 102*9 at 107*9°, 
According to JL Guthrie, the euteotlb or cryohydrio temp, is —6° with 25'99 per 
cent, of Sr(N0a) a . L, C, de Goppet gave —575° with 32'4 parts of SrfN(^) a in 
100 parts of water, * 

Isolated measurements with soln, ofr barium nitrate have also been made by 
G. J. Mulder, J, L, Gay Lussao, C, J. B, Karsten, and H. Kopp, The following 
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Ea a selection of the heat representative values, expressed in grams of Ba(NOa). 
per 100 gnns. of soln.: 

(c io* so* 40 a etr eo B ioo* mr iae & sis* 

. . 4-8 6 6 8 4 12'4 L0 ft 2I'3 W5 33'3 4^1 4fi 8 

The solid phase is Ba(N0^) e . According to F. Guthrie, the cryohydiate contains 
5 30 per cent. Ba(NOj) 3 , and freezes at —0 t 9 d , and it is not changed by admixture 
with a little strontium nitrate; and, according to It, & de Coppet, the cryohydrafce 
has 4 5 parts of BafNOgb in 100 parts of water, and it freezes at - “0*7*. A. Btard 
found the solubility curve has but a slight curvature, and between 0* and 310° 
can he represented by the linear equation 8—- 4'5+O'2OOO0; and between 0'4* and 
about 400*, by 4-5+O2Q250. 

According to E. Mitscheriich, 4 cone, nitric add precipitates calcium, strontium, 
and barium nitrates as crystalline powders from their aq. soln., and the barium 
nitrate is less soluble in dil. nitric arid than it is in water. He said barium nitrate 
is precipitated by adding cone, nitric arid to a soln, of barium chloride, and, con¬ 
versely, barium chloride is precipitated by hydrochloric acid from an aq. soln. of 
barium nitrate. C. Schultz said that strontium nitrate is insoluble in cone, nitric 
acid, while H. Wurtz stated that it is sparingly soluble. S. G. Rawson, however, 
stated that, unlike strontium and barium nitrates, the calcium salt is soluble in 
cone, nitric arid, and ho based a method for the separation of barium and strontium 
from calcium, upon the insolubility of the nitrates of the two former elements and 
the solubility of the latter, in cone, nitric arid. H. Bassett and H. S. Taylor have 
studied the ternary system, CajNQjJjj—HN(V~H s O, at 25°, The following is a 
selection from their results, with the cone. expressed in grams per 100 grins, of 
sat. soln.: 


Ca(NO,)j . 57'D6 5482 40 70 32 50 33*44 27 7ft 310ft 8 52 tf-Qfl 0 

HNO* . 0 3 33 JO-65 3352 3563 45 70 405ft 67'20 7M2 MS 


Ca(N(^l t ^K a O 


CtfNtVj.aHjO CtfNO^.SHjO 04 X 0 , 1 , 


The results are plotted in Fig. 60, where A represents the aq, soln. in equilibrium 
with the tetrahydrato; the curve AB represents soln, of nitric acid in equilibrium 
^ i with this same hydrate; B, a 

r soln.—37 per cent, nitric acid— 

J fey --in equilibrium with the fcetra- and, 

I # _—Sfe_ 25 * _tri-hydrates; BO, a soln.—37^43 

|.| per C6nti equi* 

—.. -L -—-librium with the trihydrate; C, 

ffS /'jmMit.vhJt a sol 11 '—4b per cent, nitric acid 

2 o —in equilibrium with the tri- and 

^ $ _ — L — __di-hydrates; 0D t a soln. in equi* 

£ ^ librium with the dihydrate; D t 

^ a to &' 30 'w'k'"hi 7 QM% m a , win, equilibrium with the 
Crms.perm$rm<ofMtvtkx ( dihydrafce and anhydrous salt; 

Fio. 60,—Equilibrium Conditions of the Ternary ai *d a soln, in equilibrium 

System, Ca(J70,,) J —HNO*—H,0, at 2G & . with the anhydrous salt. The 

dotted hues represent unstable 
supersaturated soln. According to A, H. Pearson, 4 dil. acetic acid dissolves barium 
nitrate less readily than dil. Hydrochloric add; and aqua &Mti&nut dissolves barium 
nitrate less readily than water. 

According to F, M. Raoult, the aq. soln/ oJ calcium nitrate absorbs a larger 
proportion of ammonia than water alone, and this the more, the greater the cone, 
of the calcium nitrate in aoln.—presumably complex ions, Ca^NH&) n *‘, ate formed. 
Changes of press, influence the solubility tff ammonia in calcium nitrate soln., the 
same as in aq. soln. The spontaneous evap. of the aq. aramonUoal soln* leaves 
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unchanged calcium nitrate. According to E. C, Franklin and C. A. Kraus, liquid 
anttnoMU dissolves calcium, strontium, and barium nitrates^ and they have measured 
the elcctrical*conductivitieB of the so In,; the liquid ammonia soln. of calcium nitrate 
gives a precipitate when treated with ammonium chloride or bromide, hut not with 
ammonium iodide—with strontium or barium nitrate so In. ammonium iodide giveH 
a crystalline precipitate; ammonium sulphide slowly gives a white precipitate; 
ammonium chromate or borate also gives a precipitate. C, A. L. de Bruyn found 
that 100 parts of dried hydroxylavnine dissolve 11'4 parts of harium nitrate, and if 
a so In. of potassium sulphate in hydroxylamine be added, no barium sulphate is 
precipitated. According to T, YT. B. Welsh and H. J, Brodersen, 100 grins, of 
anhydrous hydrimne dissolve 5 grms. of strontium nitrate, or 3 grms, of barium 
nitfhte at room temp. 

According to 0, J, B. Karsten, jfotassivm hydroxide, or sodium hydroxide^ dis¬ 
solves in a sat, soln. of calcium or barium nitrate without the precipitation of 
calcium hydroxide; and conversely calcium hydroxide dissolves in cone. soln. of 
potassium or sodium nitrate. 

G. G. Rousseau and Q. Tite prepared the dihydrate, GaO.CafNO&^SHgO, by 
heating a soln. of the nitrate in presence of the oxide at 180 D -200°. He said that 
the needle-like crystals have a longitudinal extinction, and that they are insoluble 
in alcohol, and decomposed by water. N, A. E. Millon previously prepared a basic 
nitrate by boiling a soln, of the nitrate with the hydroxide, and extracted the 
residue with water. A. Werner added milk of lime to a cold sat. soln. of calcium 
nitrate until it ceased to be dissolved ; the soln. was then shaken, and after some 
minutes set to a semi-solid mass of long needles. This was protected from carbon 
dioxide, and left for two or three days, after which it was collected on an asbestos 
filter by means of a filter pump. The basic nitrate thus obtained was dried on 
glased porcelain in an atm. free from carbon dioxide. It had the composition 
Ca(NOb)spCa(OH) 2 .2—^H^O, and lust its water of crystallization at 1(50°. It was 
decomposed by water into calcium nitrate and hydroxide. The heat of formation 
of the anhydrous salt was +2’G Cals,, and a further amount of fi'4 dale, was developed 
in the formation of the hydrated salt. 

F, K. Cameron and W. 0. Robinson studied the ternary system, CaO—CalNOj)^ 
—H s O, at 25*, and inferred that the solid phases, Ca(OH) 2 ; a solid soln., 
Ca0,asN 2 0 6 .yH 2 0; a basic nitrate, 2Ca0.N 2 0^.3iH 2 0, t.e, 6a 2 N 2 0 7 ,3^H 2 0; 
and Ca(NOa) 2 .4lI 2 O s can be in stable equilibrium with alkaline soln. of calcium 
nitrate. H. Bassett and H. 8. Taylor have shown that, owing mainly to com¬ 
plications introduced by the use of impure calcium nitrate, the solid soln. assumed 
to Sxist is in reality a part of the curve with calcium hydroxide as equilibrium solid, 
and that, at 25*, the only basic nitrate is mliydrated calcium oiynitrate, 
Ca0,Ga(N0 3 ) 2 ,3H 2 0,* not CaG.CafNQsk^HaO. At 100* the trihydrate is 
no longer stable, and there can exist dihydrated efllcanm uiynitmte, 
Ca0.Ca(N0 3 ) E .2H 2 0; and hemihjdratfid calcium oxynitr&te, CaO.CatNQ^.iHsO, 
can exist in equilibrium with the soln. There is no indication of any other basic 
salt intermediate between Ca(OH) 2 and Cs^N^Oj. By plotting the number of 
grams of 11 free ” calcium oxide with the number of grams of calcium nitrate per 
100 grms, of soln,,'the curves sliown in Fig, 61 are obtained—the dotted curve 
applies foT £5", the other at 100*. The dotted curve AB shows that calcium 
hydroxide cab exist 25* in stable equilibrium with soln. containing less than 
44 5 gram*,of calcium nitrate per 100 grms. of soln,; small quantities of calcium 
nitrate IriVer the solubility of calcium hydroxide, while in the more cone, soln, 
of calcium nitrate the solubility of the hydroxide is three times its value in aq. 
soln. The dotted curve BO sho'sfls that basic salt, CagN 2 G 7T 3H s O, can exist in 
stable equilibrium with soln, containing from 44 5 to 57'5 grms. of calcium nitrate 
per 100 grms. of sotn. The salt forms large acicular crystals. The dotted curve 
CD corresponds with tetrahydrated fc&lcium nitrate as solid phase. The curve 
F£7, at 100°, corresponds with Ca(0H) x as solid phase, and the maximum amotant 
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l'to. ai.-Equi^brium Curves in U10 Ternary System, wtosiutti chloride and barium 
CaO—Ca(NO,)j—H,0, at »• and at 100’. £ trat( . each diBaolves wMout 


producing a separation, in a 
soln. of the other; similar results were obtained ’with soditfm chloride and with 
sodium nitrate. Gh J. Mulder and H, Kopp aUo made observations on the effect 
of sodium nitrate on the solubility of barium, and strontium nitrates. According 
to A. Miintz, a soln. of calcium nitrate and sodium chloride may form eodium 
nitrate by double exchange. According to R> Kmnu-nn and H, Rodemund, at 
25°, the solubilities, expressing cone. in grams per 101) grins, of sat, soln,, are: 

Ca(NO,) a , , 54-5W $3-22 5273 G2'40 37 31 ' SlPfll 14-01 

♦ NaNQ, . , . ^25 10 7U 1208 J04S 24 0S 3tt 12 

Solldpliiui; CiglTOj^.^O UfgNO,,), t-NaXO* tfaNO, 

Analogous results were obtained at 9°, A, Coppaduro studied the ternary system, 
Ba(N0i)i—NaNtV”H a O, at 30°; the ternary system, BafNt^—NaCI ~H a O; and 
the corresponding quaternary system. O. J. Mulder, C, J. B. Karsten, and H, Kopp 
studied the solubility of barium, nitrate in soln. of potaxxium nitrate and obtained 
indications of the formation of a double salt. A. Findlay, I. Mprgan, and 
I. P. Morris, and H, W. Foote studied the ternary system, Ba(K(^) a —KNOg—H^O, 
at 9'1°, 21'1 0 , 25 & , and 35°, No double salt was observed with sodium nitrate; 
potassium barium tetramfrate, KaBafNO^)*, or BKNQa.BafNO^ was formed 
with potassium nitrate. Thus, expressing cone, in grams of salt per 100 grins, 

of soln .: <* 


BafNCW, * 

11-39 

9 -18 a-os 

H-42 


602 

302 

1-77 

0 

KNO, , 

0 

1299 17 4H 

J9 7D 

r* 

20-m 

34 87 

M t)8 

3001 

Build phaae 


JJiifNO,), 

+ 

JiK 

+ 

KAO, 


■r 


W. K, Wall bridge prepared the double salt^by evaporating cone* soln, of the com¬ 
ponent salts. The tetrahedral crystals resembled those of barium nitrate. It is 
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remarkabfe that crystals of double salts of rubidium or cEssium nitrate, or of 
potassium nitrate with strontium nitrate, could not be prepared- Nor have double 
salts with cticium nitrate and the alkali nitrates been obtained. A. Fock, and 
H. Euler measured the solubility of mixtures of lead nitrate and barium nitrate at 
15*, 25^ 30°, and 47 a . F. Margueritte found that when potassium chlorate is dis¬ 
solved in a eoln, of barium nitrate, the latter is not so readily precipitated by many 
reagents. R, Kremann and H. Rodemund have studied the effect of sodttwn thio- 
sttlphale on aq. eoln- of calcium nitrate, and the reciprocal salt pairs; No^O^ 
+Ca(NOb) a ^^a 8 aQ 3 + 2 NaN(V No double salt is observed, but there is a 
small region of stability for the triple salt, sodium calcium nitrato-ihiosulphate , 
NaNCVCaSaOj-NaaSaQg.llHjQ; this region diminishes with rises of temp, and the 
invariant transformation temp, is 29°-292 a , beyond which single salts are formed. 
According to K. von Hauer, 100 parts of water at 19 a -20 a , dissolves singly S'73 
parts of barium nitrate or 45 94 parts of strontium nitrate ; and if strontium 
nitrate be added to a sat. soln. of barium nitrate, almost the whole of the 
barium nitrate is precipitated, and the soln. contains 45 96 parts of salt per 100 
parts of water. 

Calcium nitrate is readily soluble in ethyl alcohol, and in methyl alcohol, and the 
electrical conductivities and the raising of the b.p. of these soln. have been deter¬ 
mined, wide infra , from which J> Wcilfer,® and B. Vollmer infer that there is a partial 
association of the solvent with, the salt, or complex ions are formed. According to 
C. A. Gerardin, barium nitrate is insoluble in absolute alcohol; and inaq. alcohol, the 
solubility increases linearly with rise of tamp. According to H. Rose, 100 parts 
of absolute alcohol dissolve 0 01176 part and, according to J. R. Hill, 0 02387 part 
of strontium nitrate; according to the latter, 100 parts of commercial rectified 
spirit dissolve 0 5 part of strontium nitrate ; and, according to H. Rose, 100 parts of a 
mixture of equal vol. of alcohol and ether dissolve 000157 part of strontium 
nitrate. * 


J. d’Ans and R. Siogler obtained three types of solubility isothermal curves with 
mixtures of ethyl alcohol and water and the three nitrates of the alkaline earths; 
( 1 ) The curve with barium nitrate, which does not form compounds with either 
water or alcohol, is a straight line, showing a decreasing solubility with increasing 
alcohol cone. ( 2 ) The curve with strontium nitrate, which forms the compound 
Sr(N0k) 2 + 4H£0* with water, but does not form a compound with alcohol, is divided 
into two branches corresponding with the fact that the hydrated salt is stable in the 
dll. alcoholic &dn., whilst the anhydrous salt is stable in the cone, alcoholic soln. 
(3) The curve with calcium nitrate, 
which forms'CafNQjJadH^O with A 

water and Ca(Nty a . 2 C 2 H s OH / \ 

with alcohol, consists of three /—-A 

branches" It is found that be- / \ / \ 

tween the areas in which the / \/ \ 

hydrate and the alcoholata aie A, /\ f\ 

stable there is a small metastable / \ \ / \ 

region, in which anhydrous cab A" “X /V ~h 

eium nitrate constitutes the solid / \ \ 

phase. The observed data are frrm i—\ 

plotted in Fig. 62. *It will be /”\ 

observed Vhat barium nitrate / \f \ / \ , / “ f^f 

forms no hydrate anfl no alco- C&titf 


plotted in Fig. 62. *It will be 

observed Vhat barium nitrate / \/ \/ \/ 

forms no hydrate anfl no alco- C&titf 

holate ; and it is almost insoluble^ Tiq. 62.—Equilibrium Diagram for the Ternary 


strontium 


Systems, M(NO,)j“-CiH 5 OH—H a (L 


forms a tetrahydrate but no 

alcoholate; caleiuib nitrate forms three hydrates and one alcoholate > 
Ga(NC^) 2 .2C a H 6 OH, wbicb was discovered by T, Graham and regarded by 
him as having tbs composition GaiNQalj.SlC^HOH. The solubilities of the 
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nitrates were also determined in some other solvents, at 25* expressing 
the results in grams of nitrate in 100 gnns. of soln. 


Water * 


wony* 

C^KOflj 

. fl'56 

40-01 

42-5 

Methyl alcohol . 

* 0-50 

i-20 


Ethyl alcohol 

. 0-003 

0-02 

32 

Propyl alcohol . 

Isobutyl alcohol 

— 

002 

0-01 

30-0 

20 

Amyl alcohol 

— 

0-003 

13-3 

Acetous . 

. 00M 

0-02 

68*6 


P. 33. Browning gave 0 004 per cent, for the solubility of strontium nitrate in amyl 
alcohol. Barium nitrate thus dissolves to a slight extent only in all the solvents except 
water. Strontium nitrate is very slightly more soluble, whilst calcium nitrate is very 
soluble, except in the cases of ether, and parao^aiMtyde t in which it is not more soluble 
than the other nitrates. W, Eidmann found calcium nitrate to be insoluble in rndhyldt, 
and barium and strontium nitrates to be soluble in acetone, and J. F. Snell observed 
no layer formation by the coin, of barium nitrate in mixtures of acetone and water. 
According to A, Neumann, methyl acetate dissolves 41 gram, of calcium nitrate per 
100 grms, of coin, at 13° and the coin, has a sp. gr, 1313. V. Rothmund and 
N. T. M. Wilcmore measured the solubility of barium nitrate in aq. coin, of pkewl at 
20°; and J* Timmermans has also studied the system. 

J. W* Retgerc 7 found the crystals of anhydrous calcium nitrate to form micro¬ 
scopic oct&hedja which are singly-refracting and belong to the cubic system ; they 
are isomorphouc with strontium and barium nitrates. These crystals have been 
studied by A. Seaoohi, and by L, Wulfi, W, J, Lewis, and R, Henriqucs. According 
to J. 0. Gr. de Marignae, the crystals of tetrahydrated calcium nitrate form monodinic 
prieme with axial ratios a :b: c=15839: 1: 0-6876, and 0=98 c 6', and, according to 
H* de 8£narmont, the monoelimc prisms of the tetrahydrated salt, have* the axial 
ratios a: b ;c=Q6547: 1 : Q'8976, and /3=91° 10\ The artificial coloration of 
crystals of tetrahydrated ctrontium nitrate has been studied by H. de Senarznont, 
H, Becquerel, and 0. Camichel. S. Nishikawa and K. Hudinuki, and L. Vegard 
studied the X-ndiognnu of calcium, barium, and strontium nitrates. The 
OOttOdon figures of crystals of barium and strontium nitrates have been studied 
by L. Wulff, and by H. Banmhauer. G. Briigelmann studied the isomorphism 
of mixed crystals of barium nitrate with sodium or potassium nitrate. 

The specific gravity of crystals of anhydrous calcium nitrate is, according to 
A* Filhol,® 2'240 ; F. Krcmeis, 2 472 ; P. A. Favre and C. A. Valson, 2;5G4 at 17'9°. 
The reported values for anhydrous strontium nitrate range from 2 704 at 39* of 
L. Playfair and J. P. Joule, to 3 0061 of J. H. Haesonfrats—M. le Blanc and 
P, Rohland gave 2 l 497—and for anhydrous barium nitrate'from the 3jl6002 at 
3*9° of the last named to the 3 404 of H. J. Buignei^-M. le Blanc and: P. Rohland 
gave 3 b 246. The best representative values are 2 444 for calcium nitrate, 2"-9&6 for 
strontium nitrate, and 3243 for barium nitrate. For tetrahydrated calcium nitrate 
E* Filhol gave 178; P. A. FavreandC. A. Valson, l'878at 13°; and J. M. Qrdway, 
190 at 10'5° for the solid and 179 at 15'5 C for /he liquid; and for tetrahydrated 
strontium nitrate, E. Filholgavc 2113; and P. A. Favre and C. A. Valson, 2 249 at 
15 + 5°. 

The sp, gr, of aq. soln. of calcium nitrate have been determined by F, Myilus 
and R, Funk , 8 A. C, MacGregory, G, T. Gerlaoh, etc, B, Front gave for soln, of the 
following percentage composition at 17 5 °: 1 

Percent, 1 6 10 lfi & 2fl 30 40 W 00 

Bp. gr., CafNG,) t 1-000 1*046 tW H3B 1'174 1222 1-272 1-386 I'filS I'Oflfl 

8p. gr., SrtNO,}, — 1-041 H)Sfi J-131 MSI 1230 \ m P*22 — - 

Sp, gr., 1-009 1-042 l-CkflT — + — — — — — ' — 

G/T. Gerlachj A. C, MacGregory, etc., have given values for the sp, gr, of sob, of 
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strontium nitrate; and C* J. B. E&mten, A, Michel and L. Kr&fit, etc., foi barium 
nitrate. P. Kremers’ values for strontium and barium nitrates arc indicated above. 
Earl of Berkeley and M, P, Appleby give for so In. of strontium nitrate sat. at the 


O'M 6 u-7l* 20 h 0fl n 30 - 3 S 0 8974“ Ci.34 41 VB W* WM" 

ep. gr. * 1-2S561 139380 1-61008 1-61441 151282 1-61048 1'610til 151174 


J. Wagner gave for the viscosity of aq, sob. Q'laSiV- Q &5N-, and N- o 
palcium nitrate at 25° the respective value® l'O076, D0218,10633, and M172 when 
the value for water u unity; for 0’1252V-* 0'25tf- T 062V-, and tf-soln. of strontium 
nitrate* under similar conditions, he gave the respective values 10114j 10240, 
1'0491 J and 1'160; and for 0*125#-, D'SK#-, and 0'5#-8ob. of barium nitrate the 
respective valdbs l’OOBi, r0214, and 1 0437. He also measured the effect of temp, 
on the viscosity of these soln. S. de Lannoy represented the voL v of soln. of 
strontium nitrate at 0° by the formula tJ=tto(l+o0+^ 8 )j where % is the volume at 
the initial temp., and a and 6 are constants for the ranges of cone, and temp. : 

Per cent. SnfHOj), 4 4 8 8 15 16 25 

Temperature. . Q°-40° 4G t ’-82° 0°-40° 40°-75° 0MO b *0 fl -76 Q 0°-75 9 

0 0O ( 9N 00*55 00,1626 00,120 0^750 00,2038 0 0,371 

b 0 0,337 0 0,4776 0 0,344 00,41 0 0,2413 0 0,2086 0 0,170 


N. A. Techernay represented the thermal expansion between 0° and 60° of a eftln. of a 
mol of calcium nitrate in 50 mola of water by 7^l+O^M)O17190+O'OOOt)O3Jj310 2 ; 
and of*a mol of strontium nitrate in 100 mola of water by c=l +000017870 
+0 000003557d s . G. Jager found the thermal conductivity of 20, 3fi, and 40 per 
cent. soln. of strontium nitrate to be respectively 96 4, 92 3, and 92 8 when that of 
water is 100. H. V. Rggnault 10 found that specific heat of solid barium nitrate to be 
O’1623 between 13* and 98°; and H. Kopp found for crystalline strontium nitrate, 
0'181 between 17° and 47°. J. C. G. tic Marignae measured the up. ht. of soln. of 
nitrates of the alkaline earths and found for soln. with % mols of water per mol of 
CafNO^ at 21'Sr, 


n . 

ap. ht.p Ca(NO,) a 
Bp. ht., Sr[NO,) l 
Sp, ht*, HaJtfG,), 


10 

0 0266 


15 

U U850 


25 

07607 


50 

0-8483 

0-8109 


1U0 
0 91 
0-8906 


m 

0 9610 
0-0348 
0-9209 


T. Carnally 11 gave 561° ±6° for the molting point of anhydrous calcium nitrate; 
645*±3 C for strontium nitrate ; and 693°±1° for barium nitrate, W. Ramsay and * 
N* EumorfOJ kiuIob gave 499° for calcium nitrate ; 670“ for strontium nitrate; and 
676* for barium nitrate ; H. le Chatelier gave 592* for barium nitrate ; and 
W. D* Harkins amj G* L, Clark found G95 + 53°* For the imp, of tetrahydrated 
calcium*nitrate, J T L. R. Morgan and P. T. Owen gave 42"3l D ; J* d’Ans and 
K Siegler, 42*89°±0 03*; S. U. Pickering, 42 4°; and T. W, Richards, and H, Bassett 
and H. S, Taylor, 42 7° for stable aCa(N0g) s .4H 2 0 ; the latter gave 39 "7° for unstable 
/3-Ca(NQj) a AH a O ; H. Bassett and H. S. Taylor also gave 511* for the m,p. of 
trihydrated calcium nitrate, and they found that the dihydrate does not possess a 
true m.p. aa indicated in Fig, 6lf S. U. Pickering gave 33*49 Cals, for the htttt Of 
fatten of tetrahydrated calcium nitrate. 

The fusion curves c$ barium, strontium, or calcium nitrate with lithium, sodium, or 
potassium titrate, have been partially studied hut no evidence of the formation of double 
salts has been obtained.* According to A. W* C. Menziea and K. N. Dutt, lB the V-euteotio 
with calciutn and sodium nitrates is near 240° with 60 per cent, of each component; with 
calcium and potassium nitrates, it its nearer 210 fl with 42 per cent, of calcium nitrate— 

F. Guthrie found the eutectic at 261° with 25*80 per cent, of calcium nitrate, 
A, W. O* Mcrniea and N, N. Dutt also studied the ternary system, CftfNO*),—KNO,—NaNO* 
and found the ternary eutectic approximated to 175 fi with 30 : 60 : 20 eq. per cent, of the 
ftispeotivc salts. E, J, Maumend gave tba m.p. of the mixture NaNO fl +Ca(XO,} t as 335°, 
A, w. G. Henries and N* If. Dutt found 201°* W. D. Harkins and G, L. Clark foun^ for 
barium and sodium nittatea the ^utectio near SOO D with about B or 9 eq. per cent, of the 
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*6di'tnzt BATt; for the barium and potassium nitrates a eutectic near 3*0’ with nearly 80 c (J . 
If «***• o* the potassium salt; and for the ternary system, KNOj-^NaNUj, 

the ternary eutootie is 314*1° with 3:fiU:4tt eq, per cent, of the w^wtivc salt* 
E. J , Mautonnd measured the m.p, of the mixtures Ba(NOj} a -J- KlCfOj and BafK G a J j -fKalTQ, ; 
and of eWttO,L+KHTO_ and SrfyO^+NaNO,. F. Guthrie found the eutectic point 
with barium and potassium nitrate corresponded with 2ft-63 per cent, of the barium salt 
and a temp, of 278 fi°; he also found that a eutectic at 2&5 e with potassium and strontium 
nitrates corresponding with 2B»J percent, of the latter salt. W. D. Harkins and G, L, dart 
determined the m.p. of a few points in the ternary system, Sr{NG,),—KJJO|—flaNO* and 
the ternary eutectic is not far from 208-4° with the respective eq. percentages 0 : 50 1 4ft. 
Attempts to deal with the ternary system, BafNQ()|—KUO*—UNO* were abandoned 
because when over 10 eq. per cent, of the first-named salt was present oxygen was rapidly 
evolved—even so low as 266°. 

The ciyohydrio temp, of the three salts are indicated in connection withlhc 
solubilities of the salts in water. H. CL Jones and F. H, Getman’s values for the 
lowering ol the freezing point d9 of soln. of calcium nitrate with the cone. G expressed 
in rnols per litre: 

C . . 04)42 0104 0-208 0415 1 038 IW 2 07fi 2G05 3 320 

d$ . , 0-200° 0-470° 0-010° 1820 s 5 070° 8 080° H-flOQ'’ I9320 g 24-320“ 

d&IC , 4-7(1 452 4 37 4-30 4 89 5-23 55ft H OP 7 33 

The increase in the value of d$jO with cone. soln. owing to the formation of hydrates 
is not m marked as with soln. of the halides. S. Arrhenius, and S, U, Pickering also 
studied the f.p. of soln. of this salt, H, C. Jones and F, H, Getman also found soln. 
of strontium nitrate gave a minimum value of rffl/C—4'00 in G15A-soln. £or soln. 
of barium nitrate, niols per litre, H. Hauarath found lor C’Ml 000383,0 002681, and 
0008552; -0002140°, 001401", and 04)4311° ; amU0/t T =^58, 5 32, and 505 

respectively. F, M. Raouit also measured the lowering of the f.p. of soln. of barium 
nitrate. 

The boiling point of a sat. hoId. containing 3512 grins, of calcium nitrate in 100 
gnus, of water was found by J. Legrand 13 to be 150° ; P. Kremtirs gave lb2° ; and 
G. T* Gerlach gave for soln. with w grow, of Ca(NQs) 2 . 2 H a Q in 100 grins. of water’ 

w . . 12 2&G 685 1525 1507 1376 2K14 10380 

B.p, , . 10i° 102 s 103° 110° 130° 140° (45 s 130 s 

T. Griffiths found the b.p. of a sat. soln. of strontium nitrate in 106 8° with 113 grms. 
of the salt in 100 grins, of water; P. Krcmcrs gave 107'5* tn 108“ ; 0. J. Mulder, 
107'9°, and for a soln r with w grms. of Sr(N0 3 ) 2 in 100 grins, of water, G. T t Gerlach 
gave 

W . , 12 24 63^5 8ft L E5 07K 11)5 112 2 116 5 L 

Hp. - . 100-5° 101° 103° 104-ft" 106° 105° 106 s 106-3° 

T. Griffiths found the b.p. of a sat, soln. of barium nitrate is 1GM° with 361&grms. 
of the salt in 100 gnus. of water ; P. Kremers, 102 5* ; G. J, Mulder, 101'9° ; and 
J. L. Gay Lussac, 101 (iu a ; G. T, Gerlach found the b.p. of a aoln. of barium nitrate, 
when w is 12 5, 26, and 27 5, is respectively 1(X)'5 Q ,101*, and 1011°, J. M. Grdway 
gave 133° for the b.p. of melted tetrahydrated calcium nitrate. S Arrhenius calcu¬ 
lated for the mol. raising ol the boiling point of 00643AT-, 01073AT*, and Q17W- 
soln. of calcium nitrate, the respective values 4-72, V-62,4 58; A* Smite, for 00429#-, 
0'0648iV-, 0 4142#', and 0'90Q5#~soln. of strontium nitrate, the respective values 
M66, 1 156, 1T90, and 1'215; or the values of» are respectively 2'£4, 2 22, 2'19, 
and 2'34. A. Smits also found, for 00461#-, 0-0868#-, o'i233#-, and 0'8890AT- 
soln. of barium nitrate, the respective values of dQfC> 1140, 1'210, 1101, and 
I02B, or the values of t are respectively 2 71, 2'33, 212, and 192. 

G. Tammann 14 has measured the lowering di the Vapour pitiBSOES of water at 
100 ° by soln. of the nitrates of the alkaline earths: 

Grma, of Halt * (fflft 44*40 16813 7‘30 4G'S2 TfrSs G'83 I8 2& 32'32 

Lowering v,p, . 131 J04 2 403 4 11*0 60 1^1231 6'0 18-8 32*4 mm. 
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H- Lcse®ur gives for the vap, press, of a sat. soln, of tetiahydrated calcium 

nitrate at 20 , and he has measured the changes of vap, press, during the dehydration 
of a soln, of the salt, and the hydration of the anhydrous salt. According to 
W. Miitter-Erabach, the vap. press, of the tetrahydrate is 0 6 to 07 of that of water, 
and th» s^\t loses its water of crystallization under the same press, the accidental 
formation of the trihydrate showed 0-11 for the relative press, for the first mol and 
0'04 for the two last mols, F + M. Raoult measured the lowering of the vap, press, of 
so In. of barium nitrate. J. Waddell compared what T. Graham called the in- 
■vaporation or the absorption of water by lithium nitrate and the nitrates of the 
alkaline oarthA Ho found lithium nitrate to be the least absorbent, the calcium 
salt'was more absorbent the strontium salt still more, and the barium salt was the 
mflPfj absorbent, R. 0, E. Davis and co-workers measured the vap. press, of 
ammonical solo, of calcium nitrate; and considered that soln, of calcium nitrate 
are most promising for practical use as an absorbent for ammonia. 

According to J, Thomsen, 16 the heat d formation is {Ca, N 2j 30 a ), 203'23 Cals.; 
(Ca, 0 2 , N a 0 4 ), 207 21 Gals.; (Sr, 0 2 , N £ 0 4 ), 223 83 Cals.; (Sr, N 2 , 30 2 ), 219 85 
Cals, ; (Ba, 0 2 , N E 0 4 ), 229 72 Cals.; and (Ba, N^, 30 2 ), 22574 Gals. M. Beithelot 
gave with solid components (CaO, N 2 0 6 ), 592 Cals.; (SrO, N 2 0 6 ), 76 2 Cals.; 
(BaO, N 2 0 5 ), 814 Cals.; Ca(0H} 2 +2HNdj, all in dil, soln., £7 8 Cals.; similarly 
for Sr(OH) 2 +2HNO^, 21 & Cals. ; and Ba{0H) 2 +£HN0 a , 27'8 Cals. J, Thomsen 
gave for the heat of solution of a mol of Ca(N(^) £ in 400 mols of water 39S Gals, ; 
forSr(NO^) 2 , 4 62 Cals,; Iia(NOu) 2 , 9 40 Cals.; and forCa(N0 3 ) 3 ,4H a O s —7 25 Cals. 
S, U t Bickering found 3 943 Cals, for the heat of soln, of Ca(N0 3 ) 2 in water, and 
8 710 Gals, in alcohol; and for Ca(b[0jj) 2 .4H 2 0, —8 354 Cals, in water, and —1/835 
Cals, in alcohol E, von Stackelberg measured the he at of soln. Q of n mob of barium 
nitrate in 100 mols of water and found 0=10638-8 108 m+ ti()8n a cals. F + R, Pratt 
measured the heats of dilution of soln. of barium and strontium nitrates. 

The Judex oi refraction of crystals of strontium nitrate for Na-light is l'&7, 
according to A.Fock ; 10 and 1/5665, according to M, lc Blanc and P. Rohland—while 
J. Behr’s value 15878 is considered to be incorrect. H. Topsoe and C. Christiansen 
found for crystals of barium nitrate 1'5665 for the C-line ; 15711 for the /Mine ; 
and 15825 for the F-linc ; A. Fock found 15716 and M. ]c Blanc and P. Rohland, 
15711 for the /Mine ; J, Bohr, 1'565G for the Li-line ; 1"56G9 for the Na-line ; and 
T5735 for the Tl-line, 

According to H, de S^narmont, the crystals of tetruhydrated strontium nitrate 
gave a strong negative double refraction* The anomalous double refraction of the 
crystals of anhydrous strontium and barium nitrates lias been studied by H. Marbach, ■ 
L.'Wulffj W! J, Lewis, F, Kloeke, and J. Morel, Tin; indices of refraction of aq. soln, 
of calcium nitrate have been studied by H. G. Jones and F. H t Getman, and 
B. U. Damien; the'latter found for a sohi. up, gr. 1 ‘7(521, at 12"3 0 ; 1*46436 and 
1‘48341 respectively for Ii a and II y ; 140)8 and 1 48142 respectively for a soln. of 
sp, gr. 17580 at 170°; 145782 and M7534 respectively for a soln, of sp, gr. 
17425 at 34 F ; and 1 -4521)1 and 1 46813 respectively for a soln. of sp. gr, 17252 at 
532^ M. le Blanc and P. Rohland found for 10 5 and £5 51 per cent, soln. of 
strontium nitrate, of sp, gr, T095 and 1 L 2440 respectively, the refractive indices for 
the /Mine 13387 &nd 13459 respectively ; and for 6 08 and 697 per cent, soln, of 
barium nitrate of sp. gr, 10517 and 1-0597 respectively, the refractive indices 
1-3398 and 1*3408 rc^ectively. S, Koskinen and V, J, Saarialho also studied the 
optical properties of soln, of barium nitrate. The respective refraction equivalents 
of solid and soln* of strontium nitrate by the (p,—l)ilf/D formula are 20 33 and 
20*40; and of barium nitrate, 22 98 and 22 27; similarly, by the l)MHfi*+l)D 

formula, 1172 and 11*83 for strontium nitrate, and 13'32 and 12 94 for barium 
nitrate, W. N t Hartley 17 has studied tho absorption spectra of aoln. of calcium 
and barium nitrated) C. Schaefer and M, Schubert measured the infra-red spectrum 
of strontium and barium nitrates* *W, Crookes observed that calcium nitrate 
gives an orange-yellow phosphorescence with a continuous spectrum when exposed 
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to cathode rays. P. Bury found strontium and boritim nitrate fluoresces when 
exposed to X-rajraor to BeMpwrers rays. P. Heinrich noted the luminescence which 
occurs when barium oxide is treated with nitric acid in the dark. 

P. Wenger and A. Lnbomirsky 18 studied the electro-reduction of barium nitrate 
in aq.'soln, The equivalent electrical conductivity, A, of sola, of the citrates of 
the alkaline earths was measured by F, Kohlrausoh and E. Griineisen* at 18°. 
H, C, Jones and cb-workers measured the mol. conductivity, and the percentage 
degree ot ionization, a, of soln. of the nitrates of the alkaline earths containing 
a mol of salt in v litres of water. * 




2 

6 

32 

128 

612 

2048 

€a(NO,) t 

V ■ 

a 0 B . 

. A5-B4 

! 607 

8550 

287-8 

668 

102-3 

350-6 

78-7 

U45 

327-7 

881 

1226 

432-5 

94-3 

m 

1000 



— 

828 

76-5 

86-8 

94-4 

100-0 
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! 48'2 

2880 
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364-4 
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*007 
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_ 

76-37 

07-62 
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— 
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467 0 
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i* 
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— 
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72-4 
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L, Wohler found 10'8 rec. ohms for the difference in the conductivities ot soln. of 
strontium nitrate at dilutions between u=r32 and «=U024; the corresponding 
difference with aoln. of barium nitrate was 12 7 rec. ohms. H. C. Jones and co- 
workers also measured the temp, coefi. of the conductivities. 

Ct. Kiimmcll, and K. Drucker also discussed the degree of ionization of soln. of 
these salts. Measurements have also been made of the conductivity of atr. sola, of 
calcium nitrate soln. by A. C. MacGrcgory, S. Arrhenius, H. C. Jones, etc. 
A. C. SJacGrogojy gives 0 0219 for the temp, coeff. of the conductivity of soln. of 
calcium nitrate between 16° and 26°; and 0 0224 for soln. of strontium nitrate 
between 10° and 26 c ; H. C. Jones also gave values for this constant. H. C. Jones 
and 0, G. Carroll have measured the electrical conductivities of soln. of nitrates of 
the alkaline earths in methyl and ethyl alcohols; R. J. Holland, in methyl alcohol 
soln. containing benzene, toluene, xylene, and turpentine; H> C. Jones and 
E.C. Bingham, in water containing ethyl or methyl alcohol, or acetone; C, A. Kraus 
1 and J, E, Bishop, in propyl alcohol; and E. C. Franklin and C. A. Kraus, in sola, 
in liquid ammonia. The transport nombeis of the ions have been determined by 
W. Hittorf, and many others. 1 * G. N. Lewis and M, Randall calculated the 
activity coeff* of the ions of barium nitrate. The pyroelectricity and piezoelec¬ 
tricity of crystals of barium nitrate have been studied by W, HankeL A. Hoyd- 
weilier found the dielectric constant of barium nitrate to be 3 42 for A—478 cm. 
P. Pascal gave for the mol. coefficient of magnetization of barium nitrate, 
665 XI0” 1 units. 

Calcium nitrate decomposes when heated above its m.p., and gives off oxygen, 
nitrogen, and nitrogen peroxide. The residue obtained with partially decomposed 
calcium nitrate is phosphorescent in the dark, and it is the so-called Baldwin^ 
phosphorus. Barium oxide, mixed maybe with some barium^peroxidc^ remains aa a 
solid when the nitrate has all decomposed; barium nitrite is an intermediate stage 
in the decomposition. The nitrates of the alkaline earth# detonate feebly when 
strewn over red hot coke, and when mixed with organic matter they detonate 
slightly when heated. Strontium and barium 'nitrates decompose if heated near 
their m.p. According to M, Riviere, w only a trace of nitrogen peroxide is produced. 
According to B. N. Gottlieb, and E. E. Beech, in heating biram nitrate, for the 
purpose of recovering the nitric acid, it is belt to heat the salt aa rapidly as possible 
without fusion. The former analyzed the gases evolved by heating barium nitrate 
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to different temp. E. J. Maumen£ found that when calcium, strontium, or barium 
nitrate is mixed with an equi-molar proportion of sodium or potassium nitrate, it 
can be fused without decomposition, but W. D. Harkins and G. L. dark found that 
while mixtures of barium and potassium nitrates could be readily fused without 
decomposition, mixtures of barium and lithium nitrates, with over 40 eq. per cent, 
of the latter decomposed, and ternary mixtures of these three nitrates decomposed 
when over 10 eq. per oent, of the barium salt was present. Molten tetrahydrated 
calcium nitrate decomposes, and when a third of the water has been lost, the 
anhydrous salt begins to separate ; similar remarks apply to tetrahydrated strontium 
nitrate. The fatterTsalt, according to H, J. Brooke, and A. Souchay and E. Lenssen, 
ertfUfresces rapidly in air, and loses all its water at 100°; on the contrary, according 
tolff. A. E. Millon, tetrahydrated calcium nitrate deliquesces rapidly in air and loses 
the water in vacuo over cone, sulphuric acid. F t W. Smither found tetrahydrated 
calcium nitrate retains one-fourth of its water very tenaciously at 97 & -98 D , although 
it is given ofi very slowly at this temp. 

According to F. Kuhlmann, 21 when hydrogen is passed over red-hot barium 
nitrate, the hydroxide is formed; according to J. W. Thomas, gaseous hydrogen 
chloride does not change anhydrous or hydrated barium, strontium or calcium 
nitrates; according to K. Stammer, carbon monoxide reduces red-hot barium 
nitrate forming the carbonate and oxide; according to J. Lang, lead vigorously 
reduces hot barium nitrate, forming a trace of nitrite; according to J. W. Slater, 
arsenic forms arsenic trioxide when boiled with an aq. solm of barium nitrate, but 
phosphorus is not attacked; and, according to C. J. B. Kaisten, trituration of a 
dry mixture of potassium sulphate and barium nitrate is attended by the same 
double decomposition, E. M. Walton found a powdered mixture of barium nitrate 
and sodium carbonate liquefies with the absorption of heat, so that the temp, 
initially at 21 3° fell to —13*7°. 

According to E, Lucius, barium nitrate unites with barium acetate to form a 
double salt. W. C, de Baat,^ in Hie study of the ternary system, Ba(N0fe) a 

—H a O, at 30°, found no evidence of the formation of a double salt of barium nitrate, 
and ammonium nitrate; nor in his study of the quaternary system, BafNOg)^ 
—NH*N0 3 —AgNOj—H £ 0, at 3^, did he find any evidence of the formation of a 
double salt with barium nitrate and silver nitrate. N. Busvold claims to have made 
white needle-like crystals of calcium hydropnitrate, 2Ca(OH) 2 ,Ca(NC^) 2 .2H i G > by 
crystallization from a soln. of calcium oxide in one of calcium nitrate. C, L, Parsons 
and H. P, Cdtson found the mutual solubility of barium hydroxide and nitrate in 
aq. eoln. at 25°. A soln. containing 5'02 parts of barium oxide, and 11'48 parts 
barium nitrate in 100 parts of water, is sat. with respect to Ba(0H) 2 .8H a 0 and 
Ba(N0k) s . The solubility of each is thus increased by the presence of the other. 
Similarly, also, C. L! Parsons and C. L. Perkins found a soln, of strontium oxide and 
nitrate is eat. with the hydrated hydroxide and nitrate when it contains 179 parts 
of strontia, and 81‘06 parts of strontium nitrate in 100 parts of water at 26°. In 
neither case was any evidence of basic niteatefl—siroflittwn hydroxyntirate or barium 
bydroxynitrate —obtained. 
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S 2S, The Normal Phosphates of the Alkaline Earths 

If the notation were consistent, orthophoaphoric acid should be P( 0 H) s , and 
the orthophosphates derivatives of this acid; but through some aberration, the acid 
0: P(QH)j is called orthophoaphoric acid, and the derivative salts, orthophosphates. 
The calcium salts of thiB acid, H3PO4, whose individuality has been established, 
are Indicated in Table XVI. Their relationship with orthophosphoric acid is 


Table XVI.—The Calctom OnvnopuosPHATES. 


Bropirfe&l forimCa. j AflUw CaO : P t 0 4 ; HjO. | OrUmphnphflta. 


Ca(H t P0 4 ) t * 

CatH^OJj.HjO 

CaHPOj 

CaHF0 r 2H,O 

Os(P0 4 ), . 

Ca*(P(> 4 ) r H 1 0 

0&|F (Oj . 
08^0,-41^0 

Ca^P.0,1 • 


Ca0.P|0..2H,0 

CaO.P,O a .3H,0 

2Cu0,P|0 H .Ii,0 

2CaO.P 1 O a .&H 1 0 

30bO.P,O, 

3CaO.P,O s ,H 1 0 

4C*ftP t O, 

4CaO.P 1 0 1 - J *H i O 

IOCbO.BP.O^O 


Monocalemm 

Dicalcium 


Tiioalcium 

it 

Tetraoaloium 


Deaacalcium 


Dihydrophosphste 

Hydrophosphate 

Phosphate 

Oxyphogphato 

Oacyhejcaphoaphate 


illustrated by the graphic formula 
HCK 

H0\ 

HO)T=0 0»<jr 

Ho/ H0>=O 

HO' 

HjPO, CHH,P0P, 


no\ 


OaH*0, 


^<o)p=o 

Q ‘ < c/ P ’"° 


The oxyphosphate or hydroxyphosphate has been variously lspresented r 


G *^0'SP=0 

<*<p*= Q 

Ci^PO^.CaO 


c»<o\ p=0 

ho + c^-(Af=o 

HO.C*—Ck 

C^PO^^OH^+BHiO 


C»< 


<*<v 


0^_0_pi<0 


\> 


outfit 
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c *[ 0 ,< S ] 0 


c^p.0, 

Normal calcium phosphate, and calcium hydro- and dihydro-phosphates are 
all unstable in the presence of water* for they break down into solids containing 
more lime than the original solid, and in the eoln., the ratio of acid to lime is greater 
than in the original solid. This was clearly shown by H. E. Cansse’s investigation 2 
on the solubility of the calcium phosphates in sola, of phosphoric acid. The 
composition of aq. soln. containing calcium hydroxide and phosphoric acid has 
beefflnvestigated by F. K, Cameron, A, Seidell, andJ. M, Bell, and byH. Bassett 
A selection from tife results of the last-named is indicated in Table XVII, and 
the results for the three-component system, CaO—P jjO^—H 2 0, in the region of 
the orthophosphates, are illustrated by Fig. 83. 


TiBLE XVII.—CONDITIONS OF EQUILIBRIUM OB’ THE CiLOJUW ORTHOPHOSPHATES IX 
Aqueous Solutions of Phohfhoxtc Acid. 
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0*06 

000 
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003 
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eoi 


sen 

26~54* 


2290 

1705 

0100 

6049 

2-387 

0-417 

vm 

0-140 

0118 

OWS 

0070 

0*047 
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CaHFO- 
CaHPOj * 
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1 Morn IjosLc Uirh 
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JOO KriDri. 
aat. ftttln. 
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SnJld phases. 


1768 l 

8-684 

5-766 

4818 

3-S1D 

£630 

1*847 

1267 

0-676 

01 S6 
00602 
00608 
00008 
0*0709 
0-0814 
00840 


l 42 42 

3679 

27 '26 

£1*07 

1C-36 

9-906 

0-970 

4'897 

1-819 

0-420 
0*168 
0128 
0 0202 
trace 


(MjPOgVlIjG 


C&( H ; 

j CtHPOj 

|ChUPO # 


Ci>0 1 > £ .H 11 0 


607* 


Grine. per 
100 firm*. 

(Hit, (Will, 


cut). . iyy 

i * 


Solid pllMM. 


— ' — 

1 I C^H.FOjJ^HjO 

ocas ,68-08 OatHiFG^.HjO 


1-42S 

2074 

4880 

5-725 


60-25 
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33-18 

20-ei 


8-607 1648 
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1 -L 
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2' 281 


0 0596; 01627 
0 0514! 01S31 
0 0361 j 00942 
0 - 01 OU OOOOfl 
0 0007 0 0007 


CaiH t F0,)*.H 1 0; 

CftllPUg 

CfcHFO* 


OuftPOj.aHjO 
t3ft s CPO| i|Hjo 


The regions for the phosphoric acids and for calcium hydroxides as solid phases aro 
probably very small, and they are shown diagrammaticaliy in Fig* 63. At each of 
the three quintriple points—21°, 36°, and 152°—in addition to soln. and vapour 
phases, there are three solid ph^es in equilibrium as indicated in Table XVIII, 

Table XVJ IX—Qulntbifle Points with Solutions of Calcium Phosphates. 
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Tbws are other quintuple points which have Dot been eo well* etplomd. 
F. JL Cameron, A. Seidell, and J. M. Bell, from their examination of thesystcm at 
concluded that no definite compound exists between GaHPO^I^O and 
Ca(0H) £ , hut only a series of solid aoln. Against this, H. Bassett showed that two 
phosphates more basic than calcium hydiophosphate can exist in Btable*eq*ilibriuru 
with an aq. aoln, at 25°, and probably at higher temp. These are normal calcium 
phosphate, GftgfPOjg, and calcium hydroxyhexaphosphatc, 3Caa(P0 4 ) £ .Ca(QH) 2 . 
Ha found that Gfl 4 P J! O 0 -H 2 O or CaiP^Oo-SHjOdid not appear under these conditions. 



Trkakium phosphate, tertiary calcium phosphate, tribasic calcium phosphate, normal 
calcium phosphate, or calcium orthophosphate, Cas(P0 4 ) 2 , is represented in nature 
by crystals of the hydrated mineral ornithite, which is found in Sombrero (West 
Indies), and which, according to A. A. Julien, 3 has the composition Ca a (P0 4 ) 2 .2H a 0, 
The mineral, however, is far from being a satisfactory representative owing to its 
admixture with other substances, ft ia also supposed to occur in bones. Yellowish- 
white cctlaphantie, Caa(P0 4 ) B «H a O, was reported by K. Samlberger in the guano 
bods of Sombrero (West Indies), and an analogoue anow-white mineral, named 
wwjjwte, was reported by CL C. Shepard in the guano beds of Mona (West Indies). 
The sp. gr. of the former was given us 2 70, and the hardness 5, while the sp. gr, 
of the latter was given as 21, and the hardness 2. The two are now supposed 
to be the same mineral species. C. U> 9hopattT& pyroclastic from Monets (West 
Indies) is probably a mixture of collophanite and monetate: fiCaHP0 4 .Ca s (PO 4 ) a .H £ 0. 
When coral is treated with a soln. of ammonium phosphate, R, Itvine and 
W. 9. Anderson found an interchange between the acid radicles, and they add that 
the reaction accounts for the formation of calcium phorphate deposits in rainy 
olimates, through the excreta of birds deposited on coral or calcium carbonate. 
The reaction does not occur in the absence of h solvent—water. 

F. E. Cameron and A. Seidell have stated that the normal phosphate prepared 
precipitation is non-crystalline, and a reasonably pure and crystalline product 
with well-defined characteristics oi a definite mol species has not been prepared. 
According to R. Warington, it ia obtained by precipitation on adding tmodium 
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phosphate*or droodium hydrophosphate to an amraoniacal soln, of calcium chloride; 
or, according to JL J„ Berzelius, by dropping diammonium hydrophosphate intp a 
similar aoln. * W. Wmdisoh and W, Dietrich found the precipitates obtained by 
boiling primary potassium phosphate with increasing proportions of calcium hydro- 
oarbonate dhow an increasing proportion of calcium, and range from the secondary 
to the primary calcium phosphate, and some entrained alkali phosphate* J. N. von 
Fuchs, and R* Warington treated a soln* of phosphoric acid with calcium oxide and 
obtained the impure normal phosphate, M. Berthelot found that the precipitate 
obtained by treating a soln, of a calcium salt with normal alkali phosphate is not 
wholly normal Alciuitt salt, but a mixture of that salt with a little calcium hydro- 
phosmiate, CaHP0 4 . W. A. Withers and A, L. Field studied tha reaction between 
calcfffibt nitrate and dipotassium hydrophosphate in aq. soln. Soon after mixing 
the reaction is considered to be 4 K a HP 0 4 + 4 Ca(N 03 ) 2 =Ca 3 (P 0 4 } 2 4 -Ca(H S! P 04 ) s 
d- 8 KNQa, and after a few minutes the stable condition is represented by 4Jf 2 HP0 4 
+3Ca(NQ a ) a :=Ca 3 (P0 4 ) 2 +2KH 2 P0 4 +6KNQk, If an excess of calcium nitrate is 
used, the unstable state is either not produced, or it persists an exceedingly short 
time. The normal calcium phosphate undergoes partial hydrolysis and is converted 
into calcium hydrophosphate ; the extent of the hydrolysis is roughly proportional 
to the cone, of the dihydrophosphate present, and is slightly diminished by an 
excess of calcium nitrate. G. M. de Toni prepared colloidal calcium orthophosphate 
by mixing with continued agitation hot non rial aoln. of sodium phospliaffe and 
calcium chloride containing sufficient protective colloid--gelatin, gum arable, 
blood sewsmi, and starch—not sucrose or caramel. The sol may also be obtained 
by mixing a sola, of orthophosphoric acid with one of calcium hydroxide containing 
gelatin, 

R. Warington found that the precipitated normal phosphate dried in vacuo 
retained two mols of water, and G + 35 per cent, when dried at 1(KJ°. G, 0, Wittstein 
found that the air-dried precipitate retains five moJa of water ; R, Ludwig, 5 b mols ; 
the latter also found that after finding three years, the precipitate retained 3'5 
mob of water, and when dried at 100°, one mol. The technical preparation of 
calcium phosphate by extracting basic slag or phosphorite with hydrochloric acid 
and treating the sole, with calcium hydroxide was discussed by A. Gawalowsky. 
The salt is also obtained by digesting bonn-ask with hydrochloric or nitric acid, 
boiling the aoln. to eliminate carbon dioxide, and precipitating calcium phosphate 
by the addition of aqua ammonia—the product may bo here contaminated with 
some magnesiiftn ammonium phosphate, calcium fluoride, ferric and aluminium 
phosphates, etc. 

Analogous 1 methods furnish strontium orthophosphate Sr a (P0 4 ) a ; L, Barthe 
claims to have prepared it free from other phosphates, by evaporating a mixture of 
a cold ammoniacal soils. of 90 grms. of crystal! iuc sodium hydrophosphate and one 
of 100 grW of crystalline strontium chloride ; both soln, should be free from 
carbon dioxide. The colloidal precipitate was washed by decantation, and dried 
at 100°. T. Graham prepared barium orthophosphate, Ba 3 (P0 4 ) 2 , as a flocculent 
precipitate by adding a soln. of barium chloride to one of normal sodium phosphate ; 
according to M. Traube, this prod^t contains foreign salts which cannot be washed 
out, and he preferred to make it by saturating phosphoric acid with barium carbonate. 
L, V. R. Guvrard obtained crystals of normal barium phosphate by saturating fused 
sodium, ortho-* pyro-, ^r meta-phosphate, at a red heat, with barium oxide; and 
extracting tfre slowly cooled product with water. The addition of a little sodium 
chloride favours the crystallization, but if a large proportion is used, a chloro- 
phosphate is formed. M. Berthelot^has studied the conditions of equilibrium be¬ 
tween barium chloride and ammonium phosphate. 

Precipitated normal calcium phosphate is an amorphous powder, which after 
calcination has a white earthy appearance. Similar remarks apply to precipitated 
strontium and barium orthophosphates^^. V, R. Ouvrar^Ps crystals of the latter 
salt were tabular and belonged to the cubic system. P. Gaubert claimed to have made 
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the so-called liquid crystals of calcium phosphate. According to A. de Schulten, 
oqjptals c& artificial moaetite had a sp. gr. 1'05. L. V, R. Ouvrard’s crystals of 
normal barium phosphate had a sp. gr. 41 at 16°. 

H. Baasott 4 found that water is retained very tenaciously by calcium pho^hqte, and is 
not expelled by several hours’ calcination in a muffle; 8, Gabriel mentioned that over one 
per cent, of wat^r in bone phosphate is not driven off by ignition, but it is expelled by 
strong ignition with silica- J. M + van BemmcJen also found water to be retained very 
tenaciously by fossil bo nee. Calcined calcium phosphates are often a pink colour, particu¬ 
larly with the basic phosphates^ bone-ash, etc, A, Cesna stated that ceria earths are 
present in bone-ash, but H, Bassett and S> Gabriel could not corfrra fhie, and the latter 
could not obtain the pink colour with cerium or manganese salts and pure calcium phosphate. 
G- Bergeron and L rfICte, and R Jtooult and H. Breton noted the constant presence of 
traces of capper in animal tissues, and H. Bassett believes that the pink oolor&Tftn of 
calcined basic calcium phosphates is due to the presence of traces of copper. It might bo 
added, however, that the humidity of the atm. in the earlier stages of the calcination for 
bone-ash, os well aa whether the carbon is burnt out early or late in the calcination, may 
give respectively white and pink ashes. Similar remarks apply to china clays. 

N. T. de Saussure, 6 and J, P, J. d’Arcct found that normal calcium 
phosphate can be melted to a porcelain-like mass. 0, Nielsen gives 1550° for the 
molting point of calcium orthophosphate. H. V, Regnault found 01992 for the 
specific heat of normal calcium phosphate between 15° and 98°. The heat ot forma¬ 
tion* ‘according to M. Berthelot, is 3Ga(0H) a +2H a P04=Ca a (P04) i +6H a 04-64 
Gale,; and SCaO^.-^HaPO^ ^3H £ 0+Cfla{P0 4 ) s +58-4 to 608 Cola, when an 
eq. of each component is dissolved in six litres of water at 16°; and similarly with 
strontium phosphate, 30 30 Cals, The heat of the reaction between normal sodium 
phosphate and strontium chloride is —176 Cals, for the amorphous salt and 1418 
Cals, for the crystalline; the corresponding reaction with barium chloride is 
thermally neutral for amorphous barium orthophosphate; and for the crystalline 
salt, 32'3£ Cals, are developed. The heat of neutralisation, 3Sr(0H) L H-2HaPO4 
^SfsIPOJa+GH^O, is65 , 40Cakforthe amorphous salt, and 97 4 Cals, for the crystal- 
lino salt; and with a eolm of barium hydroxide and orthophosp boric add, 6840 Cals, 
for amorphous barium orthophosphate, and 100 80 Cals, for the crystalline salt. 

According to P. Bary, a normal strontium phosphate does not luminesce when 
exposed to X-rays, or to Becquerers rays, E. Newbery and H. LuptOD found that 
many coloured phosphorites are decolorized when heated, A sample of French 
phosphorite gave no visible thenno-lumiiiescence, hut when a sample of Spanish 
phosphorite was gently warmed, it appeared to take fire, and emitted a beautiful 
and brilliant yellow glow which lasted from 30 to 60 secs., and then disappeared, after 
which further heating had no effect. By exposing the heated inert sample to radium 
for about six days, no external change was perceptible, but the power of emitting 
the yellow light was restored, and the glow was brighter and more lasting than 
that of the original specimen. Ho change of colour was observed by exposing the 
original samples to (ftdium rays, hut the thermo-lumineBceiice was always increased 
by this treatment. A bright yellow light was emitted when the original sample of 
Spanish phosphorite was exposed to cathode rays* and there was no diminution of 
the effect with time. A specimen deprived of thermo-luminescence by strongly 
heating regained this property with increased bhlliancy by exposure to the cathode 
rays, W, Crookes noted an orange-yellow phosphorescence with a continuous 
spectrum when calcium phosphate was exposed to the cathode rays.' 

A. Lassieur said that calcium phosphate at 1300° is reduced by hydrogen to a 
mixture of calcium oxide and phosphorus; only traces of phosphine and calcium 
phosphide are formed. Possibly a basic phosphate is produced as an intermediate 
compound. When normal calcium phosphate is heated in a stream of chlorine 
there is very little action, hut M, Cari-Mantrand t found that when mixed with 
carbon, it produces carbon monoxide and free phosphorus? or if the amount of 
carbon suffices only for the reduction of tbs lime, phosphorus pentaxide is farmed; 
and J. Riban found that a mixture of carbon and normal calcium phosphate readily 
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reacts with chlorine mixed with carbon monoxide: ho said that the carbon suftera 
no perceptible change, and that the reaction takes place in two stage*: Ca 3 [P0 4 ) a 
+20O+2d fi ^Ca(PQ 3 ) a +2CO a -f2CaCi 2T followed byCa(PO^) t +4CO+4a^2POCl a 
+400 2 +CaCtB; the reaction begins at 180°, and b rapidly completed between 
330° and 340°, M, Cari-Mantrand also found that a mixture of carbon and calcium 
phosphate, at a bright red heat, reacts with hydrogen chloride, as with chlorine, 
forming carbon" monoxide and free phosphorus. According to H. E, Quantin, 
when calcium phosphate is heated to redness in a stream of the vapour of carbon 
tetrachloride, phoephoiyl chloride is first formed, and this is converted into phos¬ 
phorus peptaoBloride. According to W t Crum, calcium phosphate is readily 
dissolved by hydrochloric acid and converted into dihydrophosphate, Ch(H 2 P0 4 ) 2 ■ 
lOO^Srts of the dil* acid dissolve 198 to 225 parts of normal calcium phosphate— 
the calculated amount is 218 3 parts. According to G, Bischof, 100 grins. of the 
acid of sp + gr + l'I53 (31 per cent. HOI), at 17°, dissolves, when diluted with to grins, 
of water: 

w . . 0 I 4 7 TO 13 IfJ l£l trims. 

Cfl a (POd, . 2S3 450 (52'3 64-7 fig-0 710 095 097 „ 

According to J. Piccard, a mol of nonnal phosphate is completely dissolved by 
a soln. containing four mols of HCl, and if shaken with a solm containing two 
mole of HCl, and filtered rapidly, half the phosphoric oxide is extracted, hut 
if the mixture bu allowed to stand, it slowly deposits crystals of calcium 
hydrophosphabe, CrHP 0 4 , the reaction is faat if the mixture be heated: 
CaH 4 (P 04 ) a +Ca 3 (P 0 4 ) 2 —4CaHP0 4 . E. Erlenmcyer also obtained crystals of 
what he regarded as a chtnrophosphute— compound* of calcium phosphate and 
chloride—from the soln. According to K, Birnbaum and A, S. Packard, the 
solm of calcium phosphate, in not a large excess of hydrochloric acid, becomes 
turbid when heated, owing to the separation of calcium hydrophosphate, CaHP0 4 , 
and, according to J. Piccard, the same salt is obtained by adding alcohol or 
sodium acetate to the soln. A. hydrochloric acid soln. of normal barium phosphate 
was found by E. Erlenmeyer to give crystals of barium chloride, and of barium. 
dihydrophoaphatc, Ba(H 3 PG 4 ) 2 , or, when an excess of acid is used, phosphoric 
acid is formed. When the boiling soln, is evaporated, crystals of the chloro- 
phosphate, BaCl 2 .4Ba(H 2 PG 4 ) 2 , separate. Unlike barium and calcium ortho¬ 
phosphates, the hydrochloric acid soln. of strontium phosphate does not yield a 
chlorophosphate. 

According to J. B, Senderens, 8 when calcium phosphate is boiled with wateT 
and*sulphur, calcium thiosulphate is formed very slowly; with barium phosphate, 
the decomposition is very slow and does not proceed further than barium hydro- 
phosphate, BaHP0 4 . • According to A, B£champ, if finely divided calcium phosphate, 
suspended in water, be treated with hydrogen sulphide, a liquid is obtained which 
reddens blue litmus, colours sodium nitrupruu&ide bluish-violet, and contains 190 
to 240 mgrms. of nonnal calcium phosphate per litre. The action of soln. of BttU 
phuiong add on the calcium phosphates resembles that of other acids ; with cone, 
acid soln./calcium dihydrophosphate is the stable solid; with less cone, soln,, 
calcium hydrophosphabe is the statflu solid ; while indil. soln. a more basic phosphate 
separates, which B< W. Gerland believes to be an addition product of normal calcium 
phosphate and sulphurous acid, B. W. Gerland found that artificial and natural 
calcium phosphate, as Veil as bone-ash, dissolves in sulphurous acid so that one 
mol P 2 0 fi passes into sol*. for 4 to 6 mols of 30 a . These soln. smell and taste a little 
less strongly of sulphur dioxide than do eq. aq. soln. of that gas. If the sola, be 
allowed to stand in air, or in vaciA, wormed over 18°, or mixed with alcohol, a 
precipitate of variable composition is produced; a precipitate is formed if hydrogen 
or some other gas ia passed into the soln. If the mixed soln. still contains a 
moderate proportion of sulphur dioxide, the precipitate is either calcium hydra- 
phosphate or a mixture of that salt with calcium sulphate; if very little sulphur 
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dioxide be present, tie precipitate approximates to calcium mfotototy foophosphuu 
. iK&HP0*GaS(VH 3 0, or C%(PO<),iO*2HaO. It is claimed that this sobstan^ 

/ is a chemical individual! and not a mixture of calcium hydrophosphate 
sulphite, since it does not behave like a sulphite— e.g. it is stable in oxidizing 
agents like chlorine—but E. Rotondi believed it to be a mixture of the tav*» salts j n 
question* The soln. of colcium phosphate in sulphurous acid precipitates a mixture 
of normal calcium phosphate, calcium hydrophosphate, and oalcnuh sulphate wh^n 
treated with ammonia; the sob. also gives precipitates with barium chloride, 
magnesium chloride, ferric chloride, lead acetate, and cupric acetate. According 
to E, Rotondi, when normal barium phosphate is suspended in writer, and treated 
with sulphur dioxide, barium sulphide is precipitated, and barium dihydrophosphate, 
BafHaPO*)^ passes into solm ^ 

Moderately cone* sulphuric acid was found by J. X BerzcliHs fco'convert calcium 
phosphate into a mixture of phosphoric acid and calcium sulphate. The reaction 
between calcium phosphate and sulphuric acid has been studied by X Kolb, 
A. Millet, R. Weber, J. Piccard, H. Joulie, W, Crum, H. P, Armsby, and E, Erlen- 
raeyer. If one to two mole of sulphuric acid be used for a mol of normal calcium 
phosphate, and enough water to make the whole into 11 slip/ 7 A. Millot found that 
calcium dihydrophosphate and calcium sulphate are formed; and if less than one 
mol pf sulphuric acid be used, half the calcium phosphate remains unchanged, 
H. P.iArraaby found that the amount of soluble phosphate, CaH^PO^, which is 
formed by the sulphuric acid depends on the temp, and on the duration of the 
action; and he assumed that calcium dihydrophosphate is initially formtd by the 
action of the acid, and that this then reacts with the unchanged calcium phosphate 
to form the raonohydrophosphate, Ca3(PO4) a j-Cta^(PO4)2=4Ca0PQ 4 . A. Millot 
further showed that with two mols of sulphuric acid per mol of normal phosphate, 
per cent, of soluble phosphate is formed, and with the cqui-molar proportions 
of acid and normal phosphate, 48 72 per cent, of soluble phosphate is formed. 
A, Millot, and J. Piccard showed that on standing the proportion of soluble phos¬ 
phate in the product decreases owing to the formation of the monohydropboaphate ; 
while J, Kolb supposes that free phosphoric acid is formed by the action of two 
mols of sulphuric acid on one mol of calcium phosphate, which on standing forms 
the soluble dihydrophosphate, Ca{HoP04} 2 , A. Goasmann studied the action of 
alkali sulphates on barium phosphate, 

Calcium dihydrophosphate is much more soluble than the other calcium phos¬ 
phates; and a mixture of this salt with calcium sulphate is used as a fertilizer 
under various names: superphospftate, udd phosphate, and soJuWe lime phosphate. 9 
It is prepared by treating rock or bone phosphate with sulphuric acid—generally 
chamber acid- -approximately 60 per cent. H^SO*, and of sp, gr, 155. Rather less 
acid is employed than is needed to convert all the lime in excm of that required 
to form the dihydrophosphate, into calcium sulphate, because, if the theoretical 
amount of acid is used, the resulting product is of a pasty boneietency, difficult to 
handle, and it is so acid as to be considered harmful to vegetation. The water and 
the acid forms hydrated calcium dihydrophosphate, Ca(H3P0 4 ) 2 .H 2 0, and gypsum, 
CaS04.2H E 0. On standing exposed to the air some water is absorbed, and the 
undecomposed phosphate reacts with the dihydrophosphate to form the leas soluble 
hydrophosphate. This process is known as the reversion of the superphosphate; and 
the process of reversion is accelerated by the presence of iron oxidri and alumina, 
which form slightly soluble phosphates. When mixed with loil, the superphosphate 
rapidly and completely reverts; this is shown by the lack that the aq, extract of 
such a soil is no richer in phosphoric acid than that of an untreated sou. 

The four componentjBystem, CaO—HaPO^HaBO*—H £ 0, has been partially 
studied by F. K + Cameron and J. M. Beil, and they represent their results by a 
series of diagrams resembling Fig. 64, 0 represents a sat, win, of lime in water. 
On the feaxis, A represents a solm in equilibrium with calcium hydtophoephate 
and the limiting solid sain.; and B f a sain, sat, with both calcium hydro-, and 
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On the 0 reprints ft sofa, fe*A with both calcium 

mm, and ]} a soln in equilibrium with both gypsum and an- 
over which the calcium phosphates can exist are very narrow, 
shown in Table Xir J 


hyc(ro»<fo*ftmi 

hydrite. Thfl uniMD vhth wuiun i^ne CSUC1U; 

tfhe data for 25 ° are shown in Table XIX. 


Table XIX.— Peaks in thb Quatobkary System, CbO-PjOj—SO a —H,0, 


Tiff, 


Gram. 00 . 

Grma. CnQ 


per litre. 

per litre. 

per litre. 


* 


■ 

a 

0 

0 

ITT 

¥ 

3 

317 

0 

0 

1‘6 

77 

0 

^ • 

09 

1-0 

D 

0 

317-n 

1 

ISf 

3 

09 | 

l*fi 

F 

j 3H 

i Oft 

I 

j 77 

u 

04f> 

i. 

| 0-2 

3d 




Cbh(OH}, 

Solid Horn, ; CflHP 04 .£H |0 
OgRtPO^HjO; CiiHPO^H^O 
CofGH),; CaSW^HjO 
CoSOc-SHfO i CaSOj 
Solid aoln. ; CaBD^H.O; 
CaHPO*.2HjO 

UnSO^H^O; CallPO^HaO ; 

tJa( H ePOj) a . H ,0 
t:a30 t ,2H a 0i CaSO,; 
Ca{H a P0^.1[,0 


have been partially investigated. 
At C6° the two points meet, and 



Fro, £4.—PlinaoH of the Four Compo- 
if i nt System: C'aO—H a P0 a —Tr„RtJ 4 
-H K 0, 


The changes which occur by raising the temp. 

The point F moves to the right, G to the left, 
there is a sextuple point where the six 
phases—soln., vapour, CaS0 4 , Ca80 4 .2H s 0, 

OaHPO f 2H a O s and Ca(H 2 ?0 4 ) 2 .H^0-aTe 
in equilibrium. At higher temp, the gypsum 
field disappears, and anhydrite is the stable 
solid. 

K. K: Cameron and J. M. Bell thus 
described the leaching of a superphosphate, 
containing calcium dihydraphosphate and 
gypsum, by water at 25 fl . Stage I. The 
Addition of water to monocalcium phos* 
pbate crystals causes a partial change to 
dioalcium phqpphate and a soln. saturate! 
with respect to both phosphates. A small 
amount of gypsum will also pass into the soln. Stage II. If water be added 
to thb so in,, or if the soln. be drained away and fresh water added, more of the 
monocalcium phosphate will disappear and dicajeium phosphate will he formed. 
The net effect of this leaching is to wash out Home free phosphoric acid, together 
with considerable quantities of calcium and a very small quantity of gypsum. If 
the addition of water is rapid, the time for this change may be very short indeed. 
During this change the composition of the soln. is represented by the point F of 
Fig. 64, and if equilibrium conditions are obtained the composition of the soln. will 
remain constant until all the monocalcium phosphate disappears. It will be 
observed that the greater part of the original calcium phosphate has been rembved. 
This may be partially represented by the equation: GaH 4 (PO) 2 =CaHP0 4 -HH a P0 4 , 
all the phpsphoric aca! excess of the compound CaHP0 4 being leached away, 
together with a considerable amount of the diphosphate, which is dissolved. Upon 
the removal of some or the soln. and the dilution of the residue by fresh water, the 
composition of the Teachings willjchange rapidly until the point E is reached. 
Stage III. Here another change takes place, the crystalline dicalctum phosphate 
giving up phosphoijo acid, which carries some of the phosphate into soln. The 
solid changes to a solid soln. of lim^ and phosphoric acid, and upon continued 
leaching this solid soln. changes gradually to that solid soln. which in sat. gypsum 
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boIh, dissolves unchanged, t.c. the ratio of lime and phosphoric acid which Jhavs gone 
into sob, is the same as in the solid win. Over this range of cone, gypjum has a 
much higher solubility and it will probably disappear before the solid 0 olm have all 
disappeared. Stage IV consists in the slow soln. in. water of a relatively insoluble 
solid sola, of lime in phosphoric acid, which contains relatively more lime ib^t would 
be required by the formula Cas(P 0 4 ) 2 * 

According to 0, Nielsen,™ the reduction of normal calcium phosphate by carbon 
begins at 1400°, According to F. Berthier, a mixture of calcium phosphate, silica, 
and carbon at a white heat forms calcium silicate, carbon monoxide, and phosphorus j 
and a mixture of ten parts of calcium phosphate with five of quarto and five of clay 
gives, when heated in a carbon crucible, three parts of phosphorus, and the quantity 
of the latter increases when the proportion of silica is increased, T, Schlbsing^aimd 
that when normal calcium phosphate is heated white-hot in »a stream of eftrbon 
monemdep the phosphorus is quantitatively liberated. According to 0. Nielsen, 
normal calcium phosphate is not reducible by carbon monoxide, and A. Lassieur 
also said no reduction occurs at 1300°. When a mixture of water vapour and 
carbon dioxide is passed over heated calcium phosphate, C. Seybold and F. Heeder 
found that calcium hydrophosphate :b first produced: Ca 3 (PO 4 ) 2 -bC0 a -|-H 3 O 
=Ca(A+ 2 C&HP 0 4 , and this in turn decomposes producing calcium tetrahydro- 
phosphatc: aOaHP 04 -fC 0 2 -bH 2 O ^CaCQ s -bCaH 4 (P0 4 ) 2 . & von Georgievics 
passed ^carbon dioxide into water holding normal calcium phosphate in suspension, 
and obtained calcium hydrophosphate and carbonate; the latter dissolves as 
calcium hydrocarbonate, and the soln. can then dissolve normal phosphatg so that 
the ratio Ca: P0 4 in soln, lies between that required for CaHFG 4 and CagfPOiJa. 
J. B. A, Dumas observed that Selto-water, which contained considerable quantities 
of carbon dioxide in soln,, etches ivory in a similar way to a dil. soln. of hydrochloric 
acid; J, L t Lassaigne also observed that at 10 °, water sati with carbon dioxide 
dissolves a small quantity of calcareous material from human bo nee; and 
J. von Liebig found that a litre of water, sat. with carbon dioxide, dissolved 0*0636 
grm, of bone-phosphate, of which 0 500 grm. separated out on boiling. R* Maly and 
J. Donath, and J. Joftre made similar observations, R, Warington noted that the 
presence of carbon dioxide raised the solubility of calcium phosphate in water; and 
in view of the converse effect of calcium salts on the solubility, it might have been 
anticipated that carbonic acid would act in the same way, J. Davy observed that 
water sat. with carbon dioxide under press, dissolved more calcium phosphate than 
did water alone. According to J. Joffre, a litre of water dissolves ^)’{X)9 gnn. of 
# normal calcium phosphate under conditions where water sat, with carbon dioxide 
dissolves 0'153 grm.; and T, Schl&sing found the solubility increases-as the pro¬ 
portion of carbon dioxide increases. According to A. RindeJl,an aq. soln. of carbon 
dioxide in contact with normal calcium phosphate contains : * 


co t 

. 1-05 

301 

7-ai 

15-63 jrrulUmo] per litre 

CaO 

. 0'li 

0-10 

017 

0 -44 grm. per litre 

FA . 

. 3-33 

2-90 

1'77 

3 30 grins, per litre 


K, Warington has also discussed the increased solubility of bone-ash to- aq. sob. 
of carbon dioxide; 0, P. Williams made a simitar observation on phosphorites; 
and L, Dusart and J. Pelouze found gelatinous calcium phosphate is more soluble 
in water carrying carbon dioxide than it is in water free from that* gas. A pre¬ 
cipitate was formed by boiling the sob. in carbonic acid/ F. K, C&merog and 
A. Seidell found that carbonic aeid sob, like aq, sob, dissolve less calciurnphosphate 
when sat. with calcium carbonate than when free from the latter salt. Sat. soln. of 
calcium sulphate and carbon dioxide dissolve ruther less calcium phosphate than 
if gypsum is absent. A. Barill4 studied the effect of increased press, of carbon 
dioxide on the solubility of calcium phosphate, and found tfiat calcium hy<|ro- 
phosphate and hydrocarbonate arc formed, and that the latter decreased the 
solubility of the hydrophosphate. H. Ehlert and W. Hempal drew no general 
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CGncluaiqjpfl from their study of the solubility of calcium phosphate in a<p nolo. of 
a number of salts in the absence atid in the presence of carbon dioxide at 2 atm, press. 
With c6nc t soln* of the salt, and carbon dioxide at 2 atm. and 14°, the following 
numbers of grams per litre of normal calcium phosphate were dissolved: 

(HH^O* MbCV^G M B H0 4 ,7H,0 K^0 4 KuNO, Na^.lflHjO 

1-283 5-885 2 '892 3'0001 4 705 O'M I 0'864 3327 

with MgC^KCUHaO, 1-154- with MgS0 4 .K*S0 4 .MgCl a .6H 2 0, 2-491; and with 
water, 0'228* B, Foster and H, A. D. Neville studied the solubility of the phosphate 
in sat. soln, of carbon dioxide containing ammonia, and found with increasing 
proportion of ammonia, the quantity of phosphate passing into soln, increased at 
first^apidly, and then more slowly ; the solubility of the phosphate being then 
almost directly proportional to the amount of ammonia present. According to 
W. Windiaoh and W. Dietrich, if soln. of primary potassium phosphate are boiled 
with increasing proportions of calcium hydrocarbonate, the resulting precipitates 
show increasing percentages of calcium corresponding to a transition from secondary 
to tertiary oalcium phosphate, and the increase in alkalinity of the filtrate (due to 
formation of secondary potassium phosphate) becomes less rapid as the proportion 
of hydrocarbonate is increased. The aikalinities of the filtrates are lower than the 
calculated values, the differences being ascribed to entrainment of soluble alkaline 
compounds with the precipitates. An aq. soln, of carbon dioxide was found^by 
R, Waring ton, and L. Dusart and J. Felbuze, to dissolve normal calcium phifephate, 
and the soln,, on standing, 
slowly deposits calcium 
hydrophosphate and car¬ 
bonate, According to 0. 

Nielsen, when a mixture 
of normal calcium phos¬ 
phate and silica is heatftd 
in a neutral atm,, no 
phosphorus pentoxide - is 
liberated ; silica begins to 
react chemically with nor¬ 
mal calcium phosphate at 
about 1150°. There is a 
well-defined maximum at 
1630°, in th& m.p. curve 
of SiOja— jC agJPOJa mix¬ 
tures for F 04)2.3310^ P 

or calcium trisilico-phos- 
phate, CagSi 5 P £ 0 14 / The fusion curve is shown in Fig. 65, This compound is 
readily reduced by ^arbon and, according to R. Muller, the evolution of phos¬ 
phorus begins at about 1150°. O. Nielsen suggests these possible formulae for the 
silicophosphate i 

0=p/^ , yO^-Cdr-O— o=P<^> Si< 0>°' 

’ O^-O-O^O-Bkg-Wo 

0= <^/o ; '^^<0 

and he prefers the third since it harmonizes with the easy reducibility of the com¬ 
pound, and its decomposition into tlaSiQg, etc. 

The fusion curve of mixtures of calcium oxyorthophosphate, CftflfPQ^j.CaO, 
and calcium orthosi^cate, Ca^SiO^, has been explored by H. Blome. There are two 



Fio, 05,—Fusion Temperatures of Mixturea of Silica * 
and Normal Calcium Phosphate. 
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dtrio acid also shows two corresponding maxima. Tho cake obtained hp slowly 
. cooling the former product; the cooling mass appears to decompose into free lime, 
and the solubility in citric acid is augmented. The slower the cooling between 1000° 
and 1400°, the more marked these changes, while slow cooling below 1400° seems to 
have no influence on the result, Slow cooling is thus said to favour the formation 
of a form of calcium silicophosphate soluble in a soln, of citric acid. If the mixture 
4CJa0.P a O fl +CaO.SiO 2 be slowly cooled, the product is completely soluble in citric 
acid, but contains no free lime. The silicophosphate soluble in citric acid may be 
the same in both cases. According to T, Dieckmann and E. Houdremont, the, 
silicophosphate GCaO.P 2 O 5 .SiO 2 , has a sp, gr. 3 01 ; it melts at ; and it has 
a percentage solubility of 96'2 in citric acid-rmfe infra, calcium oxy phosphates. 

According to P. Berthier, bonc-aeh readily dissolves in fused sodium carboORte, 
forming when cold a marbledike mass; at a white-heat, some c&jfbon dioxide is 
given off; F. Wohler found that calcium phosphate is decomposed by fusion with 
sodium carbonate, but the double decomposition is not complete if four times the 
amount of alkali carbonate be present. Calcium phosphate was found by H. Rose 
to be partially decomposed by repeatedly boiling it with an aq, sob. of sodium 
carbonate, and he suggested that a compound of calcium carbonate, and normal 
phosphate is formed, F. J. Malaguti showed that the reaction, Ca 3 (PO^) 2 d- 3 Na 2 CO^ 
^CapO^-h^NagPOi, is reversible. R, Fresemus, C, Neubauer, and F. Luck 
found that calcium phosphate is incompletely decomposed by a boiling soln, of 
sodium hydfocarbonate. J. Pinnow found that the reaction between calcium 
hydrophosphate or between calcium carbonate and sodium hydrophosphate fur¬ 
nishes normal sodium phosphate if a sufficient excess of base is present, and the car¬ 
bon dioxide is removed by water vapour, GCaHPO^SNagCOa—SCa^PO^ 
-J- 2 NagP 0 4 + 3 CG 2 + 3 H 2 0 . The action has also been studied by F. Bolm, 
L, Griinhut, and L. Wolfram, The reaction 3 CaHP 0 4 -i- 2 NaHC 03 =Cfl 3 (P 04) 2 
-fNa^PO*-j-UCOa-l-SHjQ j B accompanied by a number of side reactions.* J t von 
Liebig, and R. FreBenius, C, Neubauer, and E. Luck found that calcium phosphate 
is transformed into oxalate by boiling it with a soln. of ammonium oxalate. 

W. Crum has measured the solubility of calcium pfingphate in various organic 
adds-acetic acid, malic acid, lactic acid, and tartaric acid—and A. Rindell, the 
solubility in acetic and citric acids. G. Paturel found that acetic ac id has a rela¬ 
tively greater solvent action than citric acid, .1, Langd, ami E. Erknmeyer 
investigated the solvent action of ammonium citrate on the calcium phosphates; 
the latter worked with (a) a soln. of dianmKXQium citrate of sp, gr, 109 ; ( 6 ) a soln. 
•of trmmmonium citrate of sp. gr. 109 ; and (c) a one-fourth percent, soln, of citric 
add. One to two per cent, of the phosphate was added to scln. (a) And (b), ahd 
*V25 per cent, to soln, (c). The temp, kept between 35° and 38°, His results are 
indicated in Table XX. A, Tcrreil found that every 100 grms, of citric acid 
neutralized with ammonia dissolved 7 01 gnus, of the phosphate, and when ‘central¬ 
ized with potash, 1'9G grms., and he concluded that a soln.*of ammonium citrate 
has a greater solvent action on basic calcium phosphate than have soln. of potaaaum 
citrate or sodium citrate. R. Fresenius, 0, Neubauer, and E, Luck also noted the 
marked solvent action of ammonium citrate, E. Krdber studied the‘effect of 
bacteria on the aolubiiity of " insoluble ” phosphates. 

TaRle XX.—Solvent Action of Various Citrate Solutions on Normal Calcium 

T>.. * 
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G-. Biflcfcof ^ 5®id that nitric and hydrochloric acid behave similarly. Ho found 
100 gnus, of nitric aoid of sp t gr, 1230, at about 17°, dissolves, when dilated with 
w grins, of water: 


w 

CagPO„)i 


0 0827 3-300 

36'786 43-220 43*050 


8-273 10 13 

43680 62-831 62867 


16-718 40 gmuL 

48 3 08 43 078 guns. 


W. Crum found that nitric add readily diasolveB calcium phosphate transforming 
it into calcium tetrahydrophosphate, According to E. DwrilUer, normal barium 
^phosphate is converted by nitric acid completely into orthopbospboric acid and 
barium nitrate, only when the acid is sufficiently cone, to make the barium nitrate 
insoluble, and J. F, Persoz found that glacial acetic acid precipitates this salt from 
tbe#)lm of calcium phosphate in nitric acid, H. E, Cauu&c has studied the solubility 
of calcium phosphate in phosphoric acid of different cone, ■ the soln. when evaporated 
spontaneously deposits crystals, of calcium dihydrophosphate —vide infm. H. 
Bassett found: 


Grille pi i r 1D0 grins, eat. solo. 


Temp. 

-- - 


Uaa 

100° 

2 603 

]|&° i 

i 5-023 

m D ; 

! 4327 

j 

| 4-480 


— 

Solid pho&e. 

*.0,. 


53-71 

Cfl{H*P0 4 ) i: Co^PO^.H^ 

43-60 

CatHjPOJrH.O ; CaHPO, 

53-43 

UMHfrPO*)^ cmHfrPOJ^O 

03-95 

Cu(H e FO + ) b 


J, A, Volcker « found that a litre of cold water dissolves 31 rngrm, of calcined, 
and 79 jngrm. of precipitated calcium phosphate in seven days; and the aq t soln. 
does not give a precipitate when treated with ammonia, but it ia rendered turbid 
by ammonium oxalate, or by silver, UT&nium, and ferric salts, or, according to 
R. Phillips, by lead salts. According to R. L. Maly and .1 Donath, 100 parts of water 
dissolve 000236 part of gelatinous normal calcium phosphate, or 0'00256 part of 
the ignited phosphates, or 0 003 part of bone powder. The reports by different 
authorities of the so-called solubility of calcium phosphate in water are conflicting. 
The soln, has an acid reaction, and the solid residue contains more base than before 
contact with*water. Indeed, F. K, Cameron and L. A. Hurst 13 have shown that 
if normal calcium phosphate, or calcium hydro- or dihydro-phosphate be placed iifc 
wUter, somite phosphoric acid passes into soln. and calcium hydroxide separates to 
form, maybe, a more basic ana less soluble phosphate, or a mixture whose solubility 
is decreased by its ^presence. While the phosphoric acid in soln. tends to increase 
the Bolbbility of the phosphate, the base, even though in soln, in correspondingly 
smaller amounts, exerts a greater effect in decreasing the solubility. Therefore, the 
addition of increasing amounts of water produces a relatively smaller, though in 
actual amount a larger soln. and decomposition of the salt. It is not therefore 
strictly Correct to speak of the soln. of calcium phosphate in water; rather is it a 
soln. of the products of the hydfolysis of the phosphate which itself is present, if at 
all, only in small quantities. The relative masses of the solid phosphate and solvent 
have a marked effect on the amount of hydrolysis; the temp, also has a marked 
influence*- the"size iff the particles of the solid phosphate affects the result in that 
the smaller the particles the more rapid or complete the dissolution; adsorption 
phenomena occur; and the reactions between water and the solid phosphate are 
rather slow, so that in much of thfe recorded work, there is nothing to show that the 
final equilibrium conditions had been attained. Strictly normal calcium phosphate 
has not been prepared in the wet way, F, K. Cameron and A. Seidell found that 
with two samples of calcium phosphate one, A, containing a 0‘14 per cent, excess 
of lime, and the other/B, 2’83 per cent, excess of acid, and using 5,10, 20* and 
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, 40 grmt. of the phosphite per litre, the amounts of P0 4 dissolved (grams per litre) 

were, at 25 fl i 

Grros. phosphate par litre G 10 SO < 40 

A gnus. POg per litre * OtIGS 0-133 0'1S6 0 310 

Bgrnu. FQi per litre - , . 0109 O'lftO 0'324 

thus showing that the source and mode of preparation of the calcium phosphate 
have an important influence, and that the absolute values of the results have very 
little value as physical constants. The system in equilibrium is somewhat complex, 
because, under certain conditions of cone. and temp., many definite mol. species—^ 
mono-, di-, or tri-calcium phosphates or hydrates—may be formed as solid phases* 
In contact with the sola* as illustrated in Figs. 63 and 34 + R + Warington showed 
that normal calcium phosphate containing slightly more calcium oxide think is 
requited by the formula is decomposed by boiling in water for* two* hours to such 
an extent that the soln. contained about three times as much phosphoric acid aa 
calcium oxide. Gold water also decomposes the phosphate to a lesser degree. The 
amount of phosphoric acid which water would extract was found to depend on the 
relative masses of the phosphate and water which are brought into contact. The 

* solid residue remaining after many extractions was found by It, Warington, and 
J. H. Aeby to approximate 3 Cfl 3 (P 0 4 ) 2 + Ca( 0 H) aj although F. Wibel held that the 
composition of the residue is not constant. 

Accqpding to J. L. Lasaaigne, 14 the solubility of calcium phosphate in water is 
much favoured by the presence of the salts of the alkali metals. T. Thomson, for 
example, found this to be the case with sodium chloride. J. von Liebig, J. p. Las¬ 
saigne, R. Maly and J. Donath, A, RIndell, H. Ehlert and W. Hempel, and L. Mandl 
made similar observations with sodium chloride soln* F* K. Cameron and L, A. Hurst 
found that potassium chloride exerts a decomposing as well as a solvent action ori 
oolcium phosphate, and with an increasing cone, of the sain. with respect to potas¬ 
sium chloride, the calcium phosphate yields a decreasing amount of phosphoric acid 
and an increasing amount of base. A. Coicelle studied the action of alkali dphates 
on normal barium phosphate. H, Ehlert and W. Hampel also studied the effect of 
soln. of potassium sulphate, sodium sulphate, magnesium chloride, magnesium sulphate t 
and the double salts MgClg. KOI. 6H s O, and MgS0 4 . KgSO*, MgCI 2 , 6H 2 0, J. vo ti Liebig, 
H. Ehlert and W* Hempel, and F. K. Cameron and L, A. Hurst obtained similar 
results with sodium nitrite. The latter noted that the sob. of sodium nitrate also 
exerts a decomposing action on the phosphate. F* Wohler, H. Ehlert and W. Hempel, 
and R. Warington found ammonium chloride has a marked influence in raising the 
solubility ; similar results were observed by G, C. Wittstein and A, Rindell with 
ammonium nitrate, by J, von Liebig and H. Ehlert and W, Hempel, witJi-afflttMintwt 
sulphate, by B. Foster and H. A. D. Neville in ammonium carbonate; and by 
G. C* Wittstein with ammonium succinate. (L de Morveau^L* Hunefcld, and 
G. C. Wittstein have also studied the solubility of calcium phosphate in ammonium 
salts, G* Mognanini found a litre of 0OGGA T -poto$ri«m btiartrote, when sat with 
calcium phosphate, contained QO&grm. CajftndO'ISIgnn. HaP0 4 at25 Q . According 
to H, Grandeau, when normal strontium phosphate is melted with an alkali sulphate 
it forms a double phosphate which is never free from strontia. Similarly also with 
normal barium phosphate. When barium phosphate is shaken wjth a cold aq. soln. 
of an equal wt. of potassium sulphate, W, L. Kolreuter found it is converted into 
barium sulphate, and the same result is obtained if twice the weight of Glauber's 
salt be used. C. Scheibler also found that freshly precipitated normal barium 
phosphate is converted into barium sulphate by a soln, of calcium sdiphate in 
phosphoric acid. 

The marked solvent action of ammonium salts on calcium phosphates has been 
also noted by J. B. A, Dumas, R. Warington, R. Maly and J, Donath, etc. A. Terrell 
found that whoa 100 grins, of the acid were neutralized with amtqonia, the following 
amounts in grams of normal calcium phosphate were dissolved: 

r ApmxraJDiB. CbtorWff. Xltntu, Sulphate. Acetate. Tartrate. Citrate. Halite. 

Grow, Ca^PO*), * OW 0 m LOW 0'2^ 4 56 fl'01 M2 
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L* N* Yauquelin, F* Wohler, and A. A. Hayes observed the effect with starch, gb*e t * 
and other organic substances ; H. Minssen and B* Tacke with HwtUo add ; and 
M* Mercadonte with a soln. of albumen ; lu Mandl with soln* of gehtine } sugar, or 
albumen \ and A* Bobierre showed that calcium phosphate found in the residues of 
sugar refineries, is held in soln. by calcium aucrate * J, J, Berzelius obtained what was 
probably an adsorption product with barium nitrate by the precipitation of barium 
phosphate from eoln. of barium nitrate. F. K. Cameron and A, Seidell found that 
the presence of calcium sulphate slightly increases the amount of phosphoric acid 
dissolved from normal calcium phosphate—H. F* Armshy found a decrease, 
R. Waringtorf, A. Terrcil, and F. K. Cameron and A. Seidell found that the presence 
of calcium carbonate decreases the amount of phosphoric acid dissolved, F. K. Com- 
ortdfandL. A, Hurst have measured the efiects of soln. of calcium chloride, of calcium 
chloride and hydrdfchloric acid, and of coictum nitrate, from which it appears that an 
increased cone, with respect to the lime salt decreases the amount of phosphoric 
acid entering into the soln* They ascribe this effect to ** the formation of a common 
ion from both substances, and a forcing back of the solubility of calcium phosphate 
in consequence of a lessening of the amount of phosphoric acid entering the scln.” 

H + Qrandeau 16 heated barium pyrophosphate with a large excess of potassium 
sulphate to 8Q0 Q -10G0°, and obtained a mixture of barium sulphate and potassium 
phosphate ; but between 1400° and 1500°, a double salt, mixed with barium sulphate, 
is produced, H. Rose prepared barium potassium phosphate, BaKP0 4 , by* beating 
a mixture of potassium carbonate and barium pyrophosphate; the product de¬ 
composed when leached with hot water, L. V. R. Ouvrard obtained transparent 
crystals of this salt by melting together mol. proportions of barium oxide and 
potassium phosphate, and extracting the slowly cooled mass with water, 
A. de Sohulten obtained decahydrated barium potassium phosphate, BaKF^lOH^O, 
by mixing boiling dil + aoln. of potassium phosphate and barium hydroxide in on 
excess pf a soln. of potassium silicate ; and obtained on cooling cubic crystals 
without action on polarized light, and which effloresced in air* H. Grandeau, 
H. Rose, and L* V. R. Ouvrard prepared potassium strontium phosphate, KS3rP0 4 , 
and potassium calcium phosphate, KCaP0 4 , in'a similar manner* 

L. B* G* de Morveau obtained a clear gloss by melting barium oxide with twice 
its weight of sodium hydrophosphate; and J* J, Berzelius noted the solubility of 
barium oxide in fused sodium ammonium hydrophosphate. M. Berthelot studied 
the reactions between barium and sodium hydroxides and phosphoric acid, and 
between barium chloride, alkali phosphate, and phosphoric acid* A. Quartaroli 
found that on saturating a mol of phosphoric acid with an eq* of calcium or barium 
oxide, andtwo eq. of sodium {or potassium) hydroxide, contrary to the statement of 
M, Berthelot, precipitation of two-thirds of the phosphoric acid with the formation 
of CaaNaolFO^, or of BaaNa^FOJ*, does not occur, for scarcely one-third of the 
phosphoric acid is precipitated in the fom of tri- and tetm-bosic phosphates* Two- 
thirds of the phosphoric acid remains in soln, as tri- and di-basic phosphates* Hence, 
bases added in eq* quantities to phosphoric acid distribute themselves unequally 
between the soln. and the precipitate, and, as the latter is partly composed of tetra- 
basio phosphates, the soln, must contain a certain amount of dibasic phosphates. 
An exception to this is met witfi when a soln, of phosphoric acid containing one eq* 
of baryta and two eq* of sodium hydroxide is left for a long time; one atom of 
sodium anyone of barium (less than was calculated by M. Berthelot) then pass into 
the insoluble condition and precipitate a little less than half of the phosphoric acid* 
Nor whetf one mol. cl phosphoric acid is sat* with one eq. each of lime (ot baryta) 
and sodium (or potassium) hydroxide is it found that two-thirds of the phosphoric 
acid is precipitated with format&n of insoluble double phosphates containing eq, 
quantities of calcium and sodium* In this case, too, the bases are unequally dis¬ 
tributed between the precipitate and the soln,, the latter containing mono- and di¬ 
basic phosphates and the former d> and tri-bamc, and in some cases tatra-basic 
phosphates* " 
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i HI Bose obtained a had tun sodium phoaphate* B*NaF0 4l by a proofs aialogoue 
to that which ho employed for the corresponding potassium compound, and found 
it behaved similarly towards water* According to A- Villiers, a mixture of soln, of 
barium chloride and sodium hydrophosphate is acid towards phenolphthalein; if 
the solo* be made alkaline by the addition of baryta-water, it again becomes exad in 
about an how. Baryta-water is added until the sold, remains affialine after standing 
some time* The precipitate is well washed and dried at 120°-130°. The composition 
of the granular mass corresponds with NaBaPG 4 . Cold water has no action, hot 
water extracts soda. A, de Schulten made decahydrated barium sodium phosphate, * 
BaNaP0 4 .(9 orJlDH^O, by a process analogous to that used for the Corresponding 
potassium compound; the crystals are tetrahedral; theyeffloresceinair; and,ficodrd- 
lug to A. Joly, they have a heat of formation of 50 8 Cals, L, V. R. Ouvrard m£de 
sodium strontium phosphate, Na8rP0 4 » by dissolving strontium eftride^ phosphate, or 
sulphate in molten sodium ortho-, pyro-, or meta-phosphate. It was also made by 
H* Rose by the method employed for the potassium salt, Octodecahydrated sodium 
strontium phosphate, N&SrF0 4 ,lSH 3 0, was made by A, Joly by mixing diL so In, 
of one eq» of sodium hydrophosphate with two of strontium chloride; the gelatinous 
precipitate aeon becomes crystalline. Sodium hydroxide is then added to the mother 
liquid until it remains permanently neutral towards phenolphthalein, A gelatinous 
precipitate is formed which likewise soon becomes crystalline* H. Bose made sodium 
caldum o pbosphate, NaCaPO*, by the method employed for the potassium salt* 
A, Ditto made it by fusing a gram of normal calcium phosphate with 50 grins, of 
sodium or potassium chloride, and adding more than 11 per cent* of sodium phosphate 
to the fused mass. The cold product was extracted with water. L. V* R. Ouvrard 
slowly cooled a sat. soln. of calcium oxide, chloride, fluoride, or sulphate in insert 
sodium pyro- or ortho-phosphate, and extracted the mass with water. The presence 
of sodium chloride favours the crystallization* If an excess of halide be employed 
apatite or wagnerite is formed. The crystals have a sp, gr, 2 9 at 20°; ara they 
are soluble In dil. acid. When the fused phosphate was not sat, with calcium 
oxide, L V, R, Ouvrard obtained monoclmie needles of the composition 
^HajO.^CaO^PjO , of sp. gr. 21 at 20°, and soluble in dil, acid. H. Bose pie* 
pared lithium calcium phosphate, LiCaP0 4 , by heating equi-mol. parts of calcium 
pyrophosphate and lithium carbonate and washing the cold mass with hot water. 

H, Lasne dissolved 10 gnus, of calcium carbonate in dil. hydrochloric add, and 
then added a gram of calcium coride, and 15 gnus, of citric acid in order to keep the 
calcium phosphate in soln,, which was then made feebly ammoni&cai. In about 
£4 hrs., a cone, soln, of ammonium phosphate was added, and the soln. allowed to 
crystallize at not too high a temp. The crystals of ammonium calcium phosphate, 
(HH 4 )CaP0 4 .7H 2 0, were washed with aq. ammonia. According to A, de Schulten* 
the monQclinic crystals have the axial ratios &:b: c=0'5256:1 ;0*5932, and 
fj=91° 26'. The sp. gr. is 1'561 at 15°, The salt loses ammonia and water wE.en 
exposed to the air, and, according to H. Lasno, it loses 62&'per cent, in weight 
when kept for six weeks in a closed vessel. At 100°, all the water is evolved. The 
salt i$ incompletely decomposed by cold water, in 45 mins., and completely by hot 
water, forming normal calcium and ammonium phosphates. J. W. Davis alsd studied 
this salt* A. H. Church's analysis of the mineral iitohU corresponds with the 
formula, 2Ca a (P0 4 )a,3Cu(QH) a ,CaCGfc.2H a 0, and it is probably a mixture. 
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g 261 Hydrophospbates of the Alkaline Earths 

The more important calcium phosphates reported in beds of guano are monettie r 
HC&PO 4 ; bwthite, HC&PQ^EHjjO; midmshke, HCaP0 4 .liH 2 0; stojjf&titet 
CaHP0 4+ 4|H 2 0, of C. Klein 1 ; mortifiitv, SHgCattPO^.H^O; coUopharttie, 
Cft s (PO 4 ) a .H 4 0, There am thus several hydrated and one anhydrous calcium 
hydrophoaphate. The mineral monetite studied by C, U . 1 Shepard, and A. de 
Schulten baa the composition CaHP0 4 . It ^as found at Moneta, West Indios, 
J* von Liebig reported the oceunence of concretions of calcium hydrophosphate 
in the guano of Jarvis Island ; A. H, HassaH found it as pathological concretions 
in *njmai bodies; D, Pies, F, A. Abel, and Wohler reported crystals in 
the wood of the teak {tedonia graxdit ); and F. Wohler and A. E, Mermet and 
B. Dd&ohanal b the urinary canal of the sturgeon, 

J. J.BerreHuB^obtemedcakamhydi^hoflphatftOaHPO^ako^eddt^foww 
pkcdphate, contaminated with normal calcium phosphate tjv dropping a sob, of 
disodium hydrophosphate into an excess of a sob. of calcium chloride; on the other 
hand, if a eoln, of calcium chloride be dropped in&> one of disodium hydrophosphate, 
calcium hydrophosphate is first formed, which in the presence of an excess of 
disodium hydrophosphate, decomposes into CaiHfFO^ and phf sphorio acid, which 
Utter, according to J. J. Berzelius and C, L. Berthollet, reforms some disodium 
hydrophosphate. Hence, said K. Warington, the liquid is first alkaline, then neutral, 
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and finally acid, and only in the last caw ia calcium hydrophosphate obtained. 

0 . E. Davis found that ammonium sodium hydrophosphate behaves like disodium 
jiydrophosphate. 

In W. Palmaer and J* Wiborgh's process, a sob, o! sodium perchlorate is electro¬ 
lyzed, IJaCftO^+HgO^NaOH-l-HClO^ and the resulting perchloric acid is allowed 
to act on rock phosphate: GHClO^C&aJPOi^aHsPO^CajClO^, and the 
filtered soln. is treated with the sodium hydroxide obtained at the cathode; 
2H 3 PO 4 +4NaOH-h3Ca(0lO 4 ) J1 -2GaHPO 4 -h4NaClO 4 +Ca(ClO 4 ) s +4H a O. The re¬ 
sulting sodium perchlorate win- is regenerated: 4NaC10 4 +Ca(C10 4 ) 2 H-Na £ C0^ 
^SNaClO^-l-CaCOg.' It is claimed that low-grade natural phosphates can be 
utilized by this process. 

yf. Skey made strontium hyfcophOtiphate, SrHP0 4T by precipitation from a sola, 
of strontium chloride by sodium hydraphosphate, and, according to L t Barthe, the 
precipitate is free from other phosphates if a sola, of 70 grins. of crystalline stron¬ 
tium chloride be poured into a aoln. of 100 grms. of crystalline sodium hydro- 
phosphate—both soln. should be feebly acid, and the temp, not over 5 f>° t 
A. de Schulten employed a modification of this process, J. J. Berzelius prepared 
barium hydrophosphate, BaHP0 4 , by precipitation from a aoln, of barium chloride 
by sodium or ammonium hydrophoaphate. W + Skcy, and A, do Schulten employed 
modifications of this process. It. Ludwig noted that if an excess of ammonium 
hydrophosphato is employed, the precipitate contains rather more bariuiw oxide 
titan corresponds with the formula BaHPO*. E. Erjenmeycr obtained crystals of 
the barium salts by boiling a soln, of the normal phosphate in aq. phosphoric acid. 
According to J. H. Debray, and K, Krlenmeyer, the anhydrous salt is generally 
obtained by boiling calcium teirahydro-diphosphatc with water or alcohol, 
J* Piccard obtained calcium hydrophosphate by adding alcohol to a soln. of hone- 
ash in hydrochloric acid; H. E. Causae by adding ammonia to a soln, of calcium 
phosphatyi mixed with alkali acetate ; R + E r Ghisiain, by neutralising with milk of 
lime a soln. of a natural phosphate in hydrochloric arid ; B. W. Gerland,by adding 
alcohol to a soln. of calcium phosphate in sulphurous acid; and W. Baer, by 
adding calcium chloride to a soln. of disodinm hydropl map hate in cone, acetic acid. 
According to A. Millot, boiling soln. of calcium chloride, disodium hydrophosphate 
and acetic acid furnish a mixture of calcium hydro phosphate with normal phosphate. 

According to A, Barilla, if b soln. of calcium dihydrophasphate be treated with ammonia, 
half the phosphoric acid ia precipitated as calcium hydrophosphato, and half remain in aoln, 
a* ammonium phosphate. If this soln, be treated with calcium chloride, the remainder uf 
tho phosphoric aald can be precipitated an calcium hydrophosph&te, and ammonium * 
ohlaride renulins in sain. The latter reaction probably occurs in a number of stages— 
ammonium chloride and calcium hydrophosphato and riihydrophosphate are first formed \ 
tho latter then apUtfl into normal calcium phunphate and phosphoric acid; and the two then 
react, forming colciunf hydrophosphato. A, Haril|<5 gradually added E 4G4 kgrms, of hydro¬ 
chloric aflid, aji. gr, 1 17, to a kgim. of bone osh suspended in hot water. The hqIil was 
mixed with throe litreshot water, and dil. to 10 litres. The filtrato was then slowly 
mixed with 442 grms. of ammonia, ep, gr. 0 025, diluted 1 : 20. The feebly acid liquid was 
filtered off, and the washed precipitate dried at A, Barilla thought that this product 
was CaRl 5 Oj.4HjO, but it was probably colloidal. 

H, Vohl obtained crystals of Calcium hydrophosphatc by the slow diffusion of 
calcium chloride and disodiuni hydrophosphate through a diaphragm; or, according 
to A. Dreverroann, through a layer of water. A, C. Becquerel obtained the oryatafi 
by th$ action of a eolA of disodium hydrophosphatc on calcspsr. A. de Schulten 
prepared crystals of tb§ anhydrous salt—fwowfi^e—by heating the hydrated salt or 
brushitc with water in a tube at 150°. The crystals arc also obtained by dissolving 
the amorphous preoipitate in a wedk acid, and allowing the soln, to stand, or to be 
heated— e.g. C, Baedeker dissolved half the precipitate in the calculated quantity 
of cold hydrochloric or nitric acid, and added thereto the other half of the pre* 
oipitate. Crystals were deposited wh*n the mixture was allowed to stand 48 hra* 
G. Vorbringer saturated a hydrochloric acid soln, of bone-ash with ammonia, dis- 
vol. in. 1 3 L 
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solved the precipitate in acetic acid, and warmed the sob- to pieoipijate ferric 
phosphate. When the filtrate was cone, by slow evaporation, crystals of Hie denied 
salt were obtained. J, Percy dissolved freshly precipitated calcium hyirophosphate 
suspended in water sat. with carbon dioxide, and obtained crystals of the acid 

K ate by spontaneous evaporation. R. Warington, E. Reiohardt, and 
art and J. Pelouze employed an analogous process. 

A. de Sehulten prepared crystals of dihydrated calcium hydrophospbate, 
CaHP0 4 .2Hjj0 x or bm&htie, by the action of calcium carbonate on phosphoric acid 
of sp. gr. T05. T, Chandelon prepared dihydrated calcium hydrophosphatq, 
entirely soluble in ammonium citrate, by treating raw caloium phosphate with 
15 to 25 per cent, sulphuric acid ; the resulting soln., containing 7 to 12 pep«jent. 

was cooled, and neutralized with cooled lime-water. The salt separated on 
cooling the soln, to 0°, The precipitates of calcium hydrophosphhte obtained by 
treating hydrochloric acid soln. of calcium phosphate with ammonia have a variable 
proportion of water, and, according to H. Bassett, the precipitates are variable 
mixtures of the dihydrate with the anhydrous salt. The degree of hydration of the 
precipitate depends on the temp, and on the acidity of the soln. According to 
H. Bassett's vap. press, measurements aesqmkydroted calcium hydwpkosphcUe, 
CaHPQ|.lJH £ 0, does not exist as a chemical individual, and metabnuhiie is a 
mixture of the dihydrated and anhydrous salts. The colloidal precipitate contains 
variable proportions of water, and in the older literature many hydrates have been 
reported which probably represent different stages in the dehydration of the colloidal 
hydrophosphate ■ * 

G, Vorbringer precipitated what he regarded oe CftHFO^HjO from boiling agin, of 
calcium phosphate in phosphoric acid ; when dried over cone, sulphuric acid, K> Bimbawn 
found the product was free from water. Ih W. Garland obtained a product with the com¬ 
position CaHF0 4 .hH 1 O, by adding alcohol to a sulphurous acid soln. of calcium phosphate, 
and drying the washed precipitate in & water-oven; and A. billet obtained a product of 
tlic same composition by beating an acetic acid soln. of calcium phosphate to 
I.. Dusort and,J. Pelouae obtained a precipitate correftpooding with CaHPO^SJHjO, by 
neutralizing a soln. of calcium tetrahydro-diphosphate with caloium carbonate; hut 
J. H. Debray, and R Woringtgn obtained the dihydrate under those conditions. The 
eesjquihydrate, CaHFO t . llH a O, was reported by M, Itaewnky to be precipitated by adding 
calcium chloride to a soln. of disodium hydrophosphate; by W. Skoy, by allowing an odd 
soln. to stand for some time: and by C, Delattre, by the dehydration of the dihydrate at 
150°. A, Barilla thought that the product obtained by hia process had the composition 
CaHPO^+HiO. 

* 

C. Ncubcrg and C. W. Neimann 3 prepared colloidal barium hydrophosphate by 
neutralizing a methyl alcohol soln. of barium hydroxide with aq, phosphoric acid, 
using phenolphthalein as indicator. A alight excess of acid docs no harm. The 
gelatinous precipitate becomes pulverulent when dried, C. Ncubcrg and B. Rewald 
prepared colloidal strontium nydrophoBphate and also colloidal calcium hjditv 
phcHphato in a rimilar manner. 

According to A* de Sehulten, 4 the crystals of anhydrous calcium hydrophoephate 
are triclinia prisms with axial ratios a : h : £=0 6467 :1: 0 3744, and axial angles 
a=64 q 57', p=90° 17', and y—94° 22'; while the crystals of the dihydrated salt 
are monoclinio prisms; according to J + D t Dana, they have the axial ratios and 
axial angle a : b ;c=06221:1:G 5415, and ^=95° 18'; triclinic crystals of monetite, 
CaHP0 4l a: b i c= G'6467:1:0 8244, and a=84* 57', j&=90* 17', and y=&4° 22'; 
A, de Sehulten gave for the rhombic crystals of strontium hydxophosphate, SrpP0 4 , 
the axial ratios a :b: c=0 + 6477 :1:0'8581; and for the rhpmbic prismi of barium 
hydrophosphate, a\b ;c=0’7133 : 1:0‘8I17. 

The specific gravity of anhydrous calcium hydro phosphate, CaHP0 4 , according 
to H. B&saett, is 2 892 at 1674°, 2-886 at 100747 an<£ by extrapolation, S'BBl 
at 15274°; and of the dihydrate ChHP0 4 .2Ha0, 2'306 at lfr§74 c - G- E, Moore’e 
value for 4c sp. gr. of brushite, CaHP0 4 .2,H 6 0, is 2*208. A. A- Julien obtained 
numbers between 2*288 and 2'362 at 15*5° ter the *sp. gL of metabrashite, 
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CaHP0 4 *liHa0, A* do Schulten gave 2'317 ioi the sp. gr. of brushite, 3*929 for 
tin* sp- g E- o f monetite, GaHP0 4 , 3'544 for the sp. gr, of strontium hydcophos- 
phate, BrHPQ 4 , at 15°; and 4 , 165 for that of barium Kydrophosphate* BaHP0 4 . 
The hardH«8 of brushite and of sfcoflertite is on Mohs' scale* 

The jroric of F. K* Cameron and J + M. Bell, and of H. Bassett shows that above 
25 a , solid calcium hydrophosphate changes into the anhydrous salt: CaHP0 4 *2H a 0 
^CsHP0 4 -j-2H a 0. This transition temp, is an invariant point with five phases— 
anhydrous and dihydrated calcium hydrophosphatc, monohydrated calcium di- 
hydrophosphate, soln.* and vapour—in equilibrium. The two former found that 
in the presence t)f potassium chloride, the lime content of soln, containing calcium 
oxide h and phosphoric oxide in equilibrium with calcium hydros and dihydro- 
phosptfates, is slightly increased. According to W* Baer, & anhydrous calcium 
hydropho&phate*lose4 water at a red heat, and forms calcium pyrophosphate; and 
before the blowpipe, J, J, Berzelius stated that it fuses to a colourless glass, Accord¬ 
ing to M. Berthelot* the heat of formation of calcium hydrophosphate from a soln, 
containing an eq, of oalcium oxide and phosphoric acid, per six litres, is 24*50 Cals, 
at 16 Q \ and with strontium oxide* 25‘30 Cals. A. Joly found the heat of precipita¬ 
tion of amorphous calcium hydrophosphate from a mixture of disodium hydro- 
phosphate and calcium chloride is —2*92 Cals: and the heat of crystallization is 



Fig. 00.—The Composition of Solutions in Equilibrium with Crystalline Calcium Hydro¬ 
phosphate* and with Monohydrated Normal Calcium Phosphate, 

+2*87 Gala., so that the total heat is nearly zero. A. Joly found the reaction between 
strontium chloride and sodium hydrophosphate takes place in three stages with 
thermal values respectively —1*86, +5*95, and — 5 - 92 Cals. The heat of pre¬ 
cipitation of dihydrated calcium hydrophosphate from a soln, of its components 
was found by A. Joly to be 26 90 Cals.* and for the heat of formation of crystallised 
dihydrated strontium hydrophosphate from phosphoric acid and strontium 
hydroxide, he gives 25*20 Cals, According to A. Joly* amorphous barium 
hydrophosphate is precipitated from a mixed soln, of barium chloride and sodium 
hydrophosphate without any perceptible thermal change, and crystallization occurs 
with the evolution of 121 Cals, The heat of neutralization of equi-mol. parts of 
phosphoric acid and barium hydroxide* both in soln., is 27 80 Cals. The indices of 
refraction of stoffertite are 1 '-S392 ; ^—15455; and ^—15509, According 
to C. Delattre, 7 A. Millot, A, Joly and E, Sorel, and G. Viard, when calcium hydro- 
phosphate is boiled with water* calcium dihydrophosphate goes into soln, and the 
normal, phosphate is pfbeipitated* and* according to E. Reichardt, calcium hydro¬ 
phosphate ia slowly decomposed by cold water and rapidly by hot water* and the 
liquid acquires an acid reaction. C + Drfattre found that a state of equilibrium ia 
attained, but* according to A. Rinddll, this state is attained very slowly, for 252 hrs. 
are needed with 10 grms. of the salt in a litre of water, and the ratio CaO: H a P0 4 , in 
soln* is 1*56, In Fig, 66, by H* Bassett, $E represents a part of the GaHF0 4 - 
ourve; and EF represents the composition of soln. at 50'7 5 in equilibrium with 
monohydrated nonnal calcium phosphate* Cag{P0 4 ) a *Hn0* According to A. RiiuMI, 
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the solubility of anhydrous calcium hydrophosphate in water free train carbon 

dioude ia reprinted, in grama per litre, by: 
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and the solubility of dihydrated salt, also in grams per litre: 
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There appears a maximum in the solubility curve of the dihydrate. Thekeeults 
ahow that the degree of hydration of the salt has an important influence on the 
solubility, or else on the speed at which equilibrium is attained, on the assumption 
that this condition has not been attained in the case of the anhydrous salt. A. Joly 
and E, Sard successively extracted one part of calcium hydrophosphate with 100 
parts of water and found that the water acquired an acid reaction, and the solid 
became gelatinous, and approximated CaafPQife.-jHjO; they also determined the 
composition of the solid residue after various quantities of cdcium hydrophosphate 
had been extracted with equal quantities of water; they ascribed the formula 
W&.flCaHPO^SHgO to one of these solid residues, but it is more probable that 
this is a mixture of two solid phases, or one of a series of solid soln, J, Joffre ex¬ 
tracted the calcium dihydrophosphate with a very large proportion of water, and 
stated that the solid residue was composed of calcium hydrophosphate and normal 
calcium phosphate. K. Buch subjected calcium hydrophosphate to a continuous 
leaching by removing the soln. and adding more water. After 63 successive extrac¬ 
tions, the hydrophosphate was converted to normal phosphate, but he added that “it 
is difficult to decide at the present time whether this stage is the limit of the decom¬ 
position, ot whether the transformation maybe carried further to a basic Compound 
so that normal calcium phosphate is to be considered as a stable intermediate step. 
Several facte, especially the numerous basic phosphates occurring in nature, are 
evidence for the latter alternative.” F. K. Cameron and A. Seidell found that, unlihe 
normal calcium phosphate, and calcium dihydrophosphate, this salt is but slightly 
decomposed by water, and appears to dissolve mainly as such ; and it is the only 
calcium phosphate which is stable under water under ordinary conditions* 
L. N, Vauquelin reported strontium hydrophosphate to be insoluble in water, but 
it is only sparingly soluble in that menstruum. F, J, Malaguti reported that 100 
parte of water dissolve 0 - 01 part of barium hydrophosphate ; and G*Bischof, Jhat 
H)0 parte of water dissolve 0 L Q48ti part of the barium salt at 20°. The old observers 
— e.g. K t Birnbaum, L. Diisart and J, Peiouxe, A. Barilla etc,—did not notice that 
the proportion CaO: P 2 0 5 is different in the soln. from what it is in the original 
salt. 

According to A. Rindell, the solubility of the salt is different dn water with 
carbon dioxide in soln,, and the solubility increases with increasing proportions of 
carbonic acid; for example, expressing cone, in millbmols per litre, at 30 fi : 
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L Dusart and J. Pelouoe, and A. BarillG noted the increased solubility of calcium 
hydrophosphate in water containing carbon dfoxidc in soln. J. Setachenoff found 
barium hydrophosphate is not completely soluble in water sat, with carbon dioxide. 
A soln, of barium chloride and sodium hydrophosphate sate with carbon dioxide 
gives no precipitate if less than 7'16 grins, pdfr litre of the last-named salt are present, 
F. K, Cameron and A, Seidell found that rather more'calcium hydrophosphate is 
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dissolved by water and by water carrying carbon dioxide than by the some solvent 
Hat. with gypsum, 

J, X Berfeelius, and W. Baer found that calcium hydrophosphate is readily 
soluble in hydrochloric acid and nitric acid, and less readily soluble in acetic add. 
K* Birifbaum found that it dissolves more readily in dil, than in cone* acetic acid. 
L, N. Vauquelin found strontium hydrophosphate is soluble in pikosphoric acid, as 
well as in nitric and hydrochloric acids. Barium hydrophosphate is soluble in phos¬ 
phoric acid with the formation of barium dihydrophosphate. Similar remarks apply 
to bydrochloTLtj acid ; G, Bisohof found it to be very soluble in acetic acid; he also 
found that nitric acid'of sp. gr, 1275 has but little action on barium hydrophosphate, 
but action increases with increasing dilution of the acid, and reaches a maximum 
when ten times,,the amount of water has been added to the acid. E, Duvillier has 
studied the effect of nitric acid of various cone, on barium hydrophosphate. 
A, ftindell, and A. A. Ramsay measured the solubility of calcium hydrophosphate 
in acetic acid and in citric acid / and H. E. Causae, the solubility in lactic acid , and 
in ‘phosphoric add* According to 11. W. GerJand, the salt is readily soluble in suJ- 
pkutw& acid —the soln. contains CaO : P a 0 5 ; S0 2 in the ratios 2:1:2. The soln* 
of calcium hydrophosphate loses its sulphur dioxide more readily than a soln, of 
normal calcium phosphate. A current of sulphur dioxide passed through water in 
which barium hydrophosphate is suspended forms sparingly soluble barium sulphite, 
and free phosphoric acid, J 

J* von Liebig found that the presence of sodium chloride, sodium nitrate, or 
ammonidm sulphate raises the solubility of calcium hydrophosphate, A. Rindcll 
studied the effect of sodium chloride, ammonium nitrate, etc,, on the solubility of 
calcium hydrophosphate ; he found sodium chloride and sodium nitrate have nearly 
the same influence. With sodium acetate, larger quantities of lime are dissolved ; 
and, according to K. Birnbaum, the aq* soln. with sodium acetate becomes turbid 
when bofled. It, Ludwig found barium hydrophosphate is soluble in water containing 
barium chloride or sodium chloride in soln,, and therefore an excess of barium 
chloride does not precipitate the phosphoric acid completely from a soln. of sodium 
bydrophosphate. K* Kraut found that calcium hydrophosphate dissolves slowly 
in soln. of ammonium chloride, and when boiling, phosphoric acid is extracted faster 
than the calcium oxide, R, IJ, Brett, and G, 0, Wittstein stated that strontium 
hydrophosphate is readily soluble in cold soln, of ammonium eldoride, ammonium 
nitrate, or ammonium succirtutc, and is partly precipitated by a small proportion of 
aq, ammonia and completely precipitated by a large proportion. They also obtained 
sinjilar resujts with barium hydrophosphate. A, Herrield and G, FeuerHn, and* 
A. Grupe and B, ToHena found it dissolves copiously in ammonium citrate. The 
solubility is so much augmented by the presence of this salt that A. Rindell assumes 
complex salts are formed* J. Langel also investigated the subject* According to 
A. Millot, dikydrated .calcium hydrophosphate dissolves rapidly in an ammoniaeal 
soln. of ammonium citrate while the anhydrous salt dissolves slowly. According to 
F. J. Malaguti, by boiling it with an cq. soln. of sofa* carbonate or potassium carbonate 
for four ^urs, 25 to 33 per cent, of the calcium hydrophosphate was decomposed, 
and conversely, by boiling eq. solp. of sodium or potassium hydrophosphate to 41 
per cent* of calcium*carbonate was converted into hydrophosphate; analogous results 
were obtained with the strontium and barium salts. When a mixture of eq, quantities 
of barium hydrophouphate and potassium sulphate in aq. soln. is boiled, for four 
hourrf, F* J. Malaguti found that 35 per cent, of the former is decomposed. According 
to H, Bassett, dry amlkonia gas has no action on either calcium hydrophosphate or 
on dihydrated calcium hydroph^phate at ordinary temp,, but above 80°, the 
dihydrate gives off water which, decomposes the salt partially* This soln. rapidly 
absorbs ammonia gas, forming normal calcium phosphate and diammonium 
phosphate: ^GalfPO^HaO) faNH.^CaglPO^-j-tN^J.H^-l-eHaO; neither 
NH^CaPO* nor Ca^^HPO^ is forifed. 
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g 27. Dihydfophosphatai d the Alkaline Eartke 

H. Ba&^ett 1 prepared rmnocalcium phosphate, or oalcttUZX 41 dillTdlQphoipliatei 
Ca{H a P0 4 ) 2 , by digesting in a preelain disk at 160° r a mixture of S'85 grms. of 
precipitated calcium carbonate, 26 grms. of yellow phospHorua, and a oonc, soln. of 
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phosphoric acid. In about hra., the solid was drained by auction and rapidly 
washed with acetone, and then with ether. According to H. Bassett, anhydrous 
calcium dih^drephosphate can be obtained by evaporating at 160* a solo, containing 
phosphoric acid and lime when the ratio of F a Oj: CaO is greater than 3; if this ratio 
be lestf tiian 3, the monohydrated calcium dihydrophosphate, Ca{H^POJ^H^O, 
is formed. When the anhydrous salt is exposed to air it gradually passes into 
monohydrate. J. J. Berzelius prepared hydrated calcium dihydrophosph&tc by 
evaporating a soln* of the hydrophosphate in nitric or phosphoric acid--if hydro¬ 
chloric acid b^ employed, E. Erlenmeyer found a double salt of calcium chloride 
and dihydrophosphate is formed, although W. Whitthread mixed a cone, hydro- 
ohiorifc acid solo, of calcium phosphate with calcium carbonate until the evolution 
of carbon dioxide ljod ceased, and found that when the cleat decanted liquid was 
* cooled* crystals of the hydrated salt were formed. It is necessary that the soln, be 
cone* K* Birnhaum prepared crystals of the salt by the evaporation of a phosphoric 
acid soln. of the salt over sulphuric acid. Hydrated calcium dihydrophosphate was 
obtained by L. Phmier and A. Jouve, J. Stoklasa, and G. Pointet, by slowly evaporat¬ 
ing a soln. of calcium hydrophosphate in the calculated quantity of phosphoric acid* 
L. Barthe made monohydrated strontium dihydrophosphate, Sr(H 2 P0 4 ) s .H s 0, by 
adding 100 grms of phosphoric acid in a f> per cent. soln. to an excess of strontium 
hydrophosphate, and evaporating the filtered soin, in vacuo. The gelatinous mass 
slowly crystallizes, and it is contaminated with a little hydrophosphate. J. J. Berzelius 
likewise prepared barium dihydrophogphato, Ba(H z ?0 4 ) 2 , by the slow evaporation 
of a aoliC of barium hydrophosphate in phosphoric acid ; and E, Mitscherlich, by 
adding ammonia to a mixed soln. of sodium dihydrophosphate and barium chloride, 
• Anhydrous calcium dihydrophosphate forms long prismatic crystals which, 
according to K. Haushofcr, 2 belong to the triclinic system and have the axial ratios 
« : 6 : o= I-92GO: 1:0 7332, with the axial 

and the Crystals of the monohydrated calcium salt form thin triclinic plates which, 
according to K. Haushofer, have the axial ratios a\b: e=0 4753:1: U'5448, and 
axial angles a=98^ 40', £=118° 21', and 83° 16'* E. Erlenmeyer said the 
crystals of the calcium salt are thin rhombic plates, and the crystals of the barium 
salts arc triclinic, but H. Dufefc found the barium salt forms rhombic crystals with 
axial ratios a : b : c=Q’76G2 i 1 : 0 8238. The sp. gr of the monohydrated calcium 
salt was given by H. Schroder as 2 020 ; H, Bassett found 0-220 at 1G74", 2 147 at 
10074°. and by extrapolation, 2120 at 15274° for the monohydrated salt; and for 
the anhydrous salt, CafHaPQ*)^ 2546 at 15'5°/4 0 , 2 461 at 10074°, and, by 
extrapoJatiop, 2120 at 152°/4°. 

J* J. Berzelius, 3 and K. Birnbaum stated that the crystals of hydrated calcium 
dihydrophosphate arc hygroscopic, but J. Stokiasa said that if free from phosphoric 
acid, thp salt is not liygroscopic, but free phosphoric acid splits from the salt when 
heated in a scaled tube* According to E. Erlenmeyer, the crystals of the barium salt 
are stable in air. According to H. Bassett, when rapidly heated, monohydrated 
calcium dihydrophosphate melts in its water of crystallization. K, Birnbaum 
detected po change when the crystals of fclie hydrated calcium salt are kept over 
sulphuric acid; at 100° the watef of monohydrate is given off; at 15U g a change 
occurs; and at 200 b a mixture of metaphosphoric acid and calcium pyrophosphate 
is formed: 25A(H 2 P0 4 ) B ^Ca a P 2 0 ? -h2Hr0 3 +3H 2 0; at a higher temp, the mixture 
of the two phosphate^ is said to melt and CajP^j^ results. H. Bassett found the 
range‘of eiiatence of the monohydrate to be very great, ranging from 0° up to about 
160°, According to E.*ErIenmeyer, and J, J. Berzelius, when the crystals of barium 
dihydrophosphate arc heated, the^ swell up and lose water like alum, and readily 
melt to a colourless glass. According to W. Spring, the hydrated calcium salt under 
press, decomposes at ordinary temp*: Ca(H a P0 4 ) 2+ H^0=CaHP0 4 +H 3 P0 4 -hH a 0. 

According to M. feerthelot, 4 the heat of formation from half a mol of CaO, and a 
mol of phosphoric acid, in.six litres of water, at lG fl , is 14'8 Cals, ; similarly for the 
monohydrated strontium salt, J.5'05 Cals.; and for the barium salt, 24' 5 Cab* 
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E, Erlenmeyer B found that when calcium dihydxQpbotfphate is mixed with a 
greater proportion of water than 1: 700, solid calcium hydrophosphate is formed, 
and the aoln, contains more acid than corresponds with Ca(H 2 P0 4 ) E . H: Wattenbeig 
said one part of salt dissolves in 144 parts of water without other change, and 
H. Otto stated that one part of phosphate in 35 parte of water suffered *no decom¬ 
position. Between 10° and 2U 6 , J, Stoklasa found that with a gram of mono- 
hydrated calcium dihydrophosphate, and 

Water J 2fi 50 . 7* 150 200 grm% 

Tnnrtlpi / c * 0 ■ (WOOD 0 2003 0-3148 O^ISO • 0'22Sfl grm. - 

m aom. 0 . 4W2 Q . 52&9 0 . 5m OJ559& 05G6S 

as the proportion of water is increased, the absolute quantity of Jime.and phosphoric 
acid dissolved increases, but the cone, of the soln, falls rapidly. J. Stoklasa. 
represented tl*e action of cold water by the equation: nCa(H s P0 4 } a ,H 2 G+H a O 
=(m—l)Ca(H 2 PQ 4 ) a ,H 2 Qq*CaHP 0 4 -|- 2 H 2 G+H 3 P 0 4 , for equal parts of water and 
salt, rt=4. With increasing proportions of water the proportion t>f salt dissolved 
increases, so that with 200 parts of water very little decomposition—O'1 per cent — 
occurs, and virtually all passes into soln.— r= 1024. Phosphoric acid and calcium 
hydrophosphate form calcium dihydrophosphate quantitatively if in sola, with 
over 200 parts of water. A. July found that by mixing varying proportions of water 
andcaleium dihydrophosphate, the resulting solid phasewas calcium hydrophosphate, 
while the soln. contained both lime aud phosphoric acid. G. Viard also studied the 
composition of the soln, and solids resulting from the mixing of calcium >lihydro- 
phosphate with varying proportions of water at 100°; in every case, anhydrous 
calcium hydrophosphate was funned which differs from the hydrated salt in being 
insoluble in acetic acid. 

According te H. Bassett, the curve AB, Fig. 67, represents the composition of 
soln, in equilibrium with CatH^PC^-HaO at 50 7°; the point A, soln. in equilibrium 



Fro. 07.—The Composition of Solutions in Equilibrium with Crystalline Calcium Hydro* 
and Dihydropliosphatba. 

with both Ca(H 2 P 04 ) a and Ca(H a P0 4 )^,H 3 0; the curve BG % soln. in equilibrium 
with CaHP0 4 . Corresponding curves for soln. at fl 4*> s and 25° are shown in the same 
diagram* The relation of thr different solid phases is shown in Fig. 67, According 
to J. Stoklasa, some of the older observations of the action of water on this salt were 
made on samples, contaminated with phosphoric acid; F.K.fkmeronand A. Seidell 
found that a soln. of calcium dihydrophoaphate is a soln. of the decomposition 
products rather than of the salt itself. The presence of calblum sulphate does not 
materially affect the proportion of phosphoric ^pid passing into soln., but the cone, 
and acidity of the soln* are reduced in amounts practically eq. to the added calcium 
carbonate, A. Joly has studied the action of water on the calcium salt; J. Langel, 
the action of ammonium citrate. * 

According to E. Erlenmeyer, the crystals 6f tbe barium salt have an acid reaction* 
According to J. J* Berzelius, the barium salt is soluble in phosphoric and some other 
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acids; and it is decomposed by large quantities of water into barium hydro- 
phosphate and an aq, soln. of phosphoric acid, 

f 

Table XXI. —Action of Water oh liAKtUM DiHYDitoFuoaPHATE, 
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BaU. I 
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The behaviour of different proportions of barium dihydrophosph&to in 100 c.e, 
of water at 15° is indicated in Tabic XXI, which embodies a selection from A, Joly’a 
data. Further studies have been made by A, Joly and E, Sorel, and by G, Viard, 
E. Erlenmeyer found that if tlic soln. of calcium dibydrophosphate be heated to 
boilings calcium hydrophosphate separates out, and 2CaO : 3P 2 0& remains jh soln., 
but, according to K. Binibaum, the proportion of calcium oxide in soln. increases 
with di|ution, bo that a one per cent. soln. is not decomposed by boiling. The 
presence of calcium sulpliatc, or of ammonium chloride or sulphates, retards the 
decomposition. No precipitation occurs if four parts of acetic acid to one of phos¬ 
phoric acid be present. A, Reynoso found that when heated to 2K0 U with water, the 
salt splits into phosphoric acid and normal calcium phosphate. A precipitate of 
calcium hydrophosphate is produced, according to J. H. Dcbray, by boiling the soln. 
with calcium chloride ; according to L. Dusart and J. PoIouec, by neutralization 
with sodium carbonate ; accorduig to E. Erlenmeyer, by mixing the solid with 
normal calcium phosphate, or by standing a long time, or by boiling the soln. with 
absolute alcohol; or, according to K, Birnbaum, by adding sodium or calcium 
acetate. The latter alsu found that free acetic acid hinders the precipitation with 
sodium acetate, one mol of acetic acid to two mols of phosphoric acid is required in 
the cold, and nine mols of acetic acid to two mob of phosphoric acid are required for 
a boilyig soit\ A, Frebault and J. A. Dcafcretn found that calcium carbonate is not 
precipitated from the aq, soln. by Medium carbonate, for the reaction is Ca(H 2 PG 4 }ji 
-(*Na :! C0 B =-:Na 2 HF0 4 -|-CafIF0 4 4^a"l _ H 2 0. E. Erlenmeyer found the calcium 
salt is not altered by dry ether, but when boiled with absolute alcohol, calcium 
hydrophosphatc is/ormed. According to H. Bassett, a little dry ammonia gas is 
absorbed by the anhydrous salt at ordinary tump,, but at 100°, the gaa is rapidly 
absorbed, and an unstable compound, (NH 4 j 2 Ga(HP 0 4 ) 2 , is formed, showing that the 
salt does not hist break down into calcium hydrophosphate and phosphoric: acid. 
The compound Ca(NH 4 ) a (HP0 4 ) 2 is not stable in the presence of the water formed 
in the reaction. The decomposition products are diammonium phosphate and, 
dihjtirated calcium hydrophosphatc, and the reaction comes to an end when 
sufficient calcium hydrophosphate has been formed to absorb all the water. With 
the monohydrated salt and dried ammonia, (NH 4 ) 2 Ca(HP0 4 } B and water are formed 
in aq. soln., the cotnjeund (NH^CafHPp^a hist formed is not stable but decomposes 
so that* the end-reaction appears to be Ca(H a P0 4 ) t .Hg0+2NH 3 ^CaHP0 4 
+(NH 4 ) B HP0 4 +H a d; or 3Ca(H a P04)^H 2 048NH a -Ca 9 (P0 4 ) !! +4{NH 4 ) 2 HP0 4 
+3HJO, According to A, Joanais, a mol of calcium dihydrophosphato fixes two 
atoms of potassium when digested with a soln. of potassium in liquid ammonia, 
and if an excess o^the latter is used, potassium amide and hydrogen are formed. 

A A Julian * reported the occurrence of a mineral z&ugite in Sombrero (West Indies), 
which has a composition corresponding with &C&0,P 9 (V?>H 1 0, and a ap. gr, 2'99tt-3'034). 
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It does not form erystiia, but appear* rather as a cruet on the surface of phosphorite*. 
It is rather more acidio than the normal phosphate, and is possibly a mix tore normal 
phorahate with an acid phosphate-"pos»ibly Ca,(P0 t ),,CaHP0|.nH|0 + J,,J. Berariius, 
and R> Warington obtained a product of analogous composition by adding calcium chloride 
to ah ammoniacal so in. of phosphoric add—the Latter in excess—if the calcium salt he in 
excess, the normal phosphate is produced R, Warington, and J, N. von Fuads obtained 
the normal phosphate by adding calcium chloride to an excess of an ammoniacal aolm of 
disodium hydrophoaphate. C. Tu*ier precipitated the product 8CaG,3PjOp by adding 
sodium borate to a &oln. of calcium phosphate in hydrochloric acid, or an acidified mixture 
of a calcium salt with disodium hydrophwphate. When the gelatinous precipitate is dried 
in vacuo, Ft. Warington found that it lost 9'05 per cent, of water ; when dried at 100°r 
5'3 7 per cent, of water. The product has a neutral reaction* but gives an acid pain, when 
treated with water; it is repretipitated by adding ammonia to its no In, in an acid. 

Various other acid phosphates have been reported, but these are probably mixtures. 
J, J. Berzcliua T obtained 4Ca0.3F.O, by adding alcohol to a sat, aq, win. of phosphoric 
acid and calcium phosphate. J, J, Berzelius also obtained what has been regarded as„ 
Ba 1 H ( (P0 1 ), in an analogous manner. If. Raewsky stated that calcium dihydrophosphate 
js decomposed by alcohol into phosphoric acid and SCaG.EF^iH.O, and after drying at 
100% A. MiUot found the product had the composition CasHitfC^Si^O; J. Piccard 
obtained a product nCaQ.GFjOjJ 011,0 from a sain, of calcium oxide in phosphoric acid. 
J. Piccard found that a sola, of calcium chloride ia phosphoric acid, or bone-ash in hydro* 
chloric acid, gives a precipitate of CcHPO^when treated with alcohol; and £. Erlenmeyer 
obtained a similar product by boiling calcium dihydrophosphate, CniHjPOj,.!!,!), with 
absolute alcohol. 
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, 5 && Pjrophofiph&tes of tbe Alkaline Earths 

A. Schwarzenberg 1 prepared anhydrous calcium pyrophosphate, CftjPgOf, by 
heating (fcldum hydrophosphate, CaHF0 4 , strontium pyrophosphate, Sr^O*, 
and barium pyrophosphate, Ba.P 3 0 7l were prepared in a similar manner. 
L. V. ROuvracd obtained the strontium salt by very slowly cooling a soln* of 
strontium sulphate in molten potassium pyrophosphate or of strontium oxide in 
•molten sodium meta- or pyre-phosphate ; he also made the barium salt in an 
analogous wa$\ Barium pyrophosphate was stated by L. V. R, Ouvrard to form 
rhoh^Jnc prisms, of sp, gr* 3 9 at 5K>°. C. N. Falil did not melt barium pyrophosphate 
by strongly heating it. According to F. Wibel, when the calcium salt is heated with 
^ calcium carbonate' carbon dioxide is given off, and normal calcium phosphate 
is formed. H. Rose found that when calcium pyrophosphate is melted with an 
excess of sodium carbonate, a portion remains unconverted into orthophosphate— 
vide the double alkali calcium pyrophosphate—lie also found that although barium 
pyrophosphate is more readily attack'd by fused alkali carbonate, than calcium or 
strontium pyrophosphate, the reaction is in no ease quantitative, H. Struve found 
that when barium pyrophosphate is heated in a stream of hydrogen, phosphine is 
evolved and the orthophosphate is formed. T. Dieckmann and E. Houdjemont 
gave 3 09 for the up* gr* oi calcium pyrophosphate ; 1230° for the m*p* ;*and 1*6 
for the percentage solubility in citric acid* 

0, Nielsen gave 1250 a for the m.p, of calcium pyrophosphate. According to 
H. Rose, aq. sola. of barium chloride and pyrophosphoric acid give a precipitate of 
hydrated barium pyrophosphate when ammonia is added. C. N. Pahl precipitated 
the hydrated salt by treating an acp aoln. of sodium, pyrophosphate with an &m- 
moniacal sain, of barium chloride; A H Schwarzenber^, by treating an aq. soln. of 
sodium ipyrophosphate, Na 4 P s G 7 , with a soln. of barium chloride ■ C* H. Hess, fay 
treating a soln. of pyrophosphoric acid with barium hydroxide; C, N. FahL’s 
preparation dried at 100° was reported to have the composition dihyfh&ted barium 
pyrophosphate, Ba^O^i^G; and in the esse of strontium, dihydrated strontium 
pyrophogphato* k5r 2 F;j0 7 .2-2iH 2 0. A* Schwarzeuberg'a preparation him the 
composition monohydr&ted barium pyrophosphate, Bs^F 2 0 7 .H 2 0 T and in the case of 
strontium, monohydrated strontium pyrophosphate, Sr a P a 0 7 .H 2 0< Q. von Knorre 
and E, Oppelt likewise prepared Sr a F 2 0 7 .2-SJiH a 0 by dissolving strontium pyro¬ 
phosphate in pyrophosphoric acid, or by the action of sodium pyrophosphate in the 
presence of free pyrophosphoric acid on strontium chloride. The hydrated calcium* 
salt was prepared by W* Baer, G. von Knorre and E. Oppelt, H. Rose, and 
A. Schwarzenberg by similar methods, but the analyses of W. Baer, and of 
G. von Knorre arid K. Oppelt corresponded with tatrahydiatad calcium pyro- 
phosphate* Ca 2 P 2 0 7 .4H 2 G, These salts when brat precipitated are often gelatinous, 
and difficult to filter ami wash, but they often crystallize on standing or during 
the washing. According to A. Scbwarsenberg, they are all somewhat soluble in 
water, readily soluble in mineral acids, sparingly soluble in acetic acid, and insoluble 
in sqdiuhi pyrophosphate. W. JSaer ol>w*rved the dissolution of the calcium salt 
in acetic acid, anti, according to A Schwarzenberg, the soln. in sulphurous acid, 
precipitates crystals of the salt on standing or boiling ; the soln. of the barium salt 
msulphuroife acid gives a precipitate of barium sulphate on standing. H. Rose 
found fab&t the salts Ire partially attacked by a boiling soln. of sodium carbonate* 
According to H. W, E. Wackenroder, hydrated barium pyrophosphate is insoluble 
in a soln. of ammonium chloride; while K. Birnbaum showed that the soln, in 
hydrochloric acid gives no precipitate when sodium acetate is added. 

Several hydropyrophosphatea of the alkaline earths have been reported. 
0, N. Pahl prepared rhombic plates of dihydrated caldum dlhjdiopjrophoephlte, 
CaH a F 2 0 7 .2H a 0, by partially decomposing calcium pyrophosphate with soln, of 
oxalic add* By boiling fcetrahydrated calcium pyrophosphate for a long time with 
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water* and washing the product with boiling water until the filtrate was free from 
acid, G, von Knorre and E* Oppelt obtained CajPjO^.CaH^PjOj^HjO; they also 
prepared crystals of CajjP 3 jO 7 . 3 CaH 2 P 2 O 7 . 6 HaO, by allowing mixed sob. of sodium 
dihydropyrophosphate and calcium chloride to stand for a long time; with very 
cone. aob. a flocculent precipitate is obtained at once. The product is very sparingly 
soluble in hot water, and the sola, on cooling deposits crystals of the salt; the salt is 
also precipitated if the aq. sob. is acidified with acetic acid. C. N, Pahl reported the 
following hydrated strontium dihydropyropliosptata: Sr £ PaO T : SrH g P R 0 7 : H 2 0 
—9 : 1 : fl, 9 :1:18, 9 : 1 : 20 , 4 ; 1 : 3, and 4 : 1 : S or 12 ; while G. von Knorre and- 
E. Oppelt reported 3:1:1 or 3, and 2:1: 6 . Similarly with hydrated barium 
(Llirtopnopliosphatefl, C. N. Pahl reported 4 : 1 : 9 , 3 :1: 5,3 : 1 : 3 , and 5 : $j ; h 12 ; 
while G. von Knorre and E< Oppelt reported 1:1:3. There is Jittla to show 
whether these products are mixtures or chemical individuals. * 

G, Tammann obtained a product which he regarded as Sodium barium pjft- 
phoaphate, NfyBa^F^fe, by melting a mol of ammonium sodium hydrophosphate 
with a mol of a barium salt, and vigorously stirring the mass while it is cooling. 
The prismatic crystals are readily soluble in hot nitric or hydrochloric acid. W. Baer 
obtained a hydrated sodium barium pyrophosphate by gradually adding barium 
chloride to a boiling sob. of sodium pyrophosphate. L. V, R. Ouvrard prepared 
potassipm strontium pyrophosphate, K a SrP 2 0 7 , by slowly cooling a aolm of strontium 
oxide or orthophosphate in molten potassium meta- or pyre-phosphate. After 
extracting with water, hexagonal plates, derived from octahedra, are obtained. 
The sp. gr. is 2 9 at 20°; the salt is soluble in dih acids. W. Baer obtained a 
hydrated form of sodium strontium pyrophosphate by a process analogous to that he 
used for the corresponding barium compound. L. V. R, Ouvrard prepared potassium 
calcium pyrophosphate, K £ CaP £ 0 7 , by a process like that he employed for the 
strontium salt; the crystals were similar and their sp. gr, was 3 7 at 20 °. K. A, Wall- 
roth, and L. V. R. Ouvrard prepared a crystalline powder of sodium calcium HUM- 
phosphate* 4 Na 2 O.GffaO.P 2 Oj;, by melting ammonium, sodium hydrophosphate with 
calcium oxide. The monoclimc plates have a sp, gr. 2 7 at 20° ; they are soluble in 
acids* W. Baer obtained a hydrate, Na.jCa.P 2 O 7 . 4 H 2 O. 

C. U. Shepard’s * mineral pyroplmphorite, from the West Indies, has a com¬ 
position corresponding with MgjPjjOTAjCa^I^Oj.CmPOiJaf; its sp. gr. was 2'D0- 
2 53; its hardness, sAhj, P. Joltbois studied the phosphates formed by miring 
calcium hydroxide and phosphoric acid, and obtained crystals of a mixed calcium 
artho-pyropboflphate, (^frAOasjPO^a.lOHfcO, which is slowly converted into 
1 dicalcium phosphate in the presence of an excess of phosphoric acid. 

F. Schwarz 3 reported the formation of plates of calcium triphoBpll&te, 
GCa0.3P £ G 6 , or by mixing dil. sob. of sodium tripboephate and of a 

calcium salt. The precipitate was dried on a porous tile ; it is iaolublc in an excess 
of the calcium salt. He prepared barium triphosphate, Ba 4 (P 3 O l0 ) 2 , in a similar 
manner. T. Flcitmann and W, Henneberg prepared calcium tetraphwphttte, 
3C&0,2P £ 0 S , or Caai^Oja, by treating a sob, of the sodium salt with one of a 
calcium salt; or by melting the sodium salt with calcium chloride. They also 
prepared barium tetfaphosphata, BagF 4 0 13p in a similar way, and stated that the 
barium salt is infusible, while H, Liidert arid that it fusee in a platinum crucible 
to a colourless glass. 
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§ £9. Metaphosphates ol the Alkaline Earths 

Various precipitates of undetermined composition have been reported 1 to be 
* formed when a soln, of an alkali metaphosphate or metaphosphoric acid is treated 
with a so]n, of a salt of the alkaline earths under various conditions. H. Rose stated 
that an aq, soln, of phosphoric acid gives with a soln, of barium hydroxide or chloride 
a precipitate which is soluble in a great excess of metaphosphoric acid, and the soln, 
% is not precipitated by aq, ammonia. What has been regarded as barium mono- 
mfttftphoaphate, Ba(PO a ) s , was obtained by It. Maddreli* by heating barium 
carbonate with an excess of orthopliosphoric acid for a long time at 316°, The 
white residue is insoluble in water and dil, acids, but it is decomposed by cone, 
sulphuric acid. JL Maddrell’s salt is not decomposed by digestion with alkali 
carbonates, and therefore, said T. Fleifcmann, the nature of the combined acid 
cannot be determined. R. Maddrell prepared what have been regarded as strontium 
monometaphosph&te, Sr(P0 3 ) 2p and calcium monometaphosphate, Ca(PO s ) s , in a 
similar manner to the barium salt. 0. Nielsen gave 1020* for the m,p, oi calcium 
metaphosphate, (CaP>O a ) n . T. Dieckmann and E, Houdrcmcnt gave S GG-S'SS 
for the-sp. gr,; and 970"-980'' for the imp. 

A. Glatzcl 3 evaporated a soln, of barium carbonate with about one per cent, 
excess of orthophosphorio acid, first on a watcr-bath, then on a sand-bath, and finally 
at 400°, The resulting cake was coarsely powdered, and washed with cold water 
acidified with a few drops of nitric acid* The white crystalline powder was regarded 
as barium dimetaphoauhata, BaP 2 O fl . The salt melts at a red heat, and parses into 
tctrametaphosphatc. Barium dimetaphosphate is not altered by hydruehlorie or 
nitric acid, but it is completely decomposed by hot cone, sulphuric acid. When 
melted with sodium carbonate, it forms sodium orthophosphate, Na^P0 4 ; and when 
digested with aq. soln. of the alkali carbonates, it gives double salts whose composition 
led A. Glatzel to regard it as a dimetaphosphate, A, Glatzcl similarly prepared 
strontium dimet&phosphate, SrP 2 0 e , and calcium dim etaphoaphate, CaP s 0e. 
T. FJeitmann obtained a crystalline precipitate of dihydrated barium dkuetaphott- 
phatc, BaP a O 0 ,2H 2 O 1 by mixing ammonium dimetaphosphate with barium chloride ; 
good crystals are obtained when a mixture of the cone* soln, has stood some time* 
Part of the water is lost at 150*, and all at a red heat A. Glatzel said that the 
salt winch has lost its water of crystallization, still remains a dimetaphosphate. 
T* Flcitmunn showed that the salt does not melt at a red heat, and A. Glatzel said 
it doeB melt, hut passes into the fcefcrametaphoaphato. According to T, Flcitmann, 
the salt which has been heated to redness doi^ not form sodium dimetaphosphate 
when digested with an aq, soln. of sodium carbonate, while the unealeined salt 
does so. Barium dimotaphosphate is less soluble in water than is the case with 
tic .tatfametaphospbate, A. Glatzel showed that 100 parts of water dissolve two 
■ parts of water. ■According ta?T. Fleitmann, boiling cone, hydrochloric or nitric 
acid has but little action, while cone, sulphuric acid readily decomposes the salt* 
It unites heither with sodium nor ammonium dimotaphosphate, A. Glatzel 
similarly, prepared * dihydrated strontium dimetaphosphate, SrP^.SH^O, and 
T, Fleitmann, dihyefcated calcium dimetaphosphate* which are analogous to the 
barium salt, 

A. Glatzel prepared axmnotiium barium dimetaphosphate, (NH^BafPO*)^ 
2 H e O, by mixing a dil, soln, of ammonium dimetaphosphate with barium chloride. 
If the soln. be net very dil,, the barium salt is alone obtained. It is sparingly 
soluble in acids, and is completely decomposed by oonc, sulphuric acid. The water 
of crystallization is expelled by feeble calcination, and when strongly heated ifcdoses 
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ammonia and phosphoric oxide, With glow cooling, barium tefcraphosphate U 
formed, A. Glafczel also prepared in a similar way tmmnninm strontium dimeta» 
phoaphaie, (M^SrfFAtaSHoO, and ammonium calcium dimetophoephaie, 
(NH4) 4 Ca(F 2 0fl)2 ^H 2 O. T, Fleitmann also prepared the latter salt by adding 
alcohol to a mixed coin, of calcium chloride and an excess of ammonium dimeta* 
phosphate; if calcium chloride be in excess, calcium dimetaphosphate is pre¬ 
cipitated, The crystals do not lose their water at 100*, they are sparingly soluble 
in water, and are not decomposed by acids. A, GlateeL prepared fine needles of 
potarium barium dimetaphosphate, K 2 5a(P z 0^AE 1 Q, from very dil. soln. of, 
potassium dimetaphosphate and barium chloride. The corresponding sodium 
barium dimetaphosphate, N%Ba(P i! O fl } fi .4H £ 0 J was prepared in a similar manner; 
be also made potassium strontium dimetaphosphate* KaSrfPjOaJjAK^O ; 
sodium strontium dimetaphosphate, Na £ Sr(P 2 0 & ) 2 AH £ 0; potassium calcium 
dimetaphosphate, K a Ca(P 2 O fl ) s .4H 2 0; and sodium caJcinm dimetaphosphate, 
TfaaCalPA^AHsO. 

T* Fleitmann and W. Henneberg ,* and C. G, Lindbom prepared barium trimetft- 
phosphata, BagjPjjOgJj.fiHjO, by mixing a soln. of one put of the sodium salt with 
a soln. of 2 or 3 parts of barium chloride; if other proportions are employed, a 
double salt is produced. According to H, Rose, no precipitation occurs with 
strontium chloride. The filtrate furnishes rhombic crystals which become acid, 
and loseftwo-tbirda their water when heated on a water-bath, T. Fleitmann and 
W. Henneberg say that the salt does not melt at a red heat, but it thereby becomes 
insoluble in acids, because, according to C, G, Lindbom, it is converted into the 
hexametapboapbate. The crystals have a neutral reaction, and lose no water over 
sulphuric acid, all the water is lost at 180 fl . At ordinary temp., A, Wiesler foun<\ 
100 c,c. of water dissolve 0'2589 grm, of salt; and the aq. soln., at a dilution v=± 128, 
512, and 204ft, has an eq. conductivity 64'7, 89 4, and 125 5 respectively. The 
salt is readily soluble in hydrochloric add. (1 

C. G. Lindbom prepared prismatic crystals of ammonium barium trimetfr- 
phosphate, (NH^BajPO^HjO, by adding to a soln. of sodium barium trimeto- 
phosphate sufficient ammonium sulphate to precipitate half the barium. The salt 
does not lose its water at 100°, and at red heat it loses water and ammonia, and 
melts to a clear glass soluble in hydrochloric acid. C. G. Lindbom prepared crystals 
of potassium barium trimeta ph oa p ha te , KBa[PQ 3 ) 3 .H 2 0, by adding to barium tri~ 
raetapboephate, or to sodium barium trimetapbosphate, sufficient potassium sulphate 
to precipitate half the barium. This salt is less soluble in water than the corre¬ 
sponding ammonium or sodium barium triphosphate. The crystals at a red heat 
melt to a white enamel, which is soluble in hydrochloric odd. T. Fleitmann ami 
AV.HennebcTg obtained prisms of sodium barium trimetapliosphat^NiiBaPsOs. 4^0, 
from a mixed soln, of one part of barium chloride and 2 to 3 parte of sodium tri¬ 
phosphate, The salt is more soluble in water than barium trimetaphosphate: The 
crystals effloresce in air, and lose 9S6 per cent of water at 100 s , at a higher temp, 
they lose the remaining water. According to C, G, Lindbom, the feebly calcined ( 
salt slowly dissolves in boiling hydrochloric acid, and the clear glass obtained at a 
red heat dissolves easily in that acid, T, Fleitmann and W. Henneberg prepared 
crystals of sodium strontium trimetaphosphate, NafrPjQ&.&Hs0,by the spontaneous ■ 
evaporation of a mixed win, of one part of strontium chloride with three of sodium 
trimetaphosphate. The corresponding sodium Calcium trimet&phocpbate, 
NaCaPjCV&HsOr was prepared by T, Fleitmann and W, SIcnnebeig,/ and by 
C, G. Lindbom. , 

According to A* GlatzeJ, 11 barium tetramatophoaphate, Ba^o^, is formed 
when the dimetaphosphate is melted, and slowly booled. The small white crystals 
are incompletely decomposed by sulphuric acid; completely decomposed by 
fusion with sodium carbonate; and when digested with, an aqi soln. of an alkali 
carbonate, alkali tetrametaphosphate is formal. Strontium tetramotaphospbate, 
8r a P*0fr and calcium tfttrantttephOtiphato, CajP 4 0 15: , correspond with the barium 
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salt. Octohydratod barium tatrametaphodpliatet was obtained by 

A* GJatzel as a white crystalline powder by adding an excess of barium chloride to 
a soln.* of flpdiuni tetraphosphate. 100 parts of water dissolve 1'54 parts of the 
salt. It loses its water of crystallization at a dull red heat. Before calcination, it 
is attacked by nitric add, hut after calcination only by cone, sulphuric add* When 
melted and slowly cooled it forms anhydrous Ba i P 4 0 li , Octohjrdrated strontium 
tetrametaphoephate, Sr^O^.SHaO, and octohydrated calcium tatrametaphos 
ph&fo, Ca s P 4 0 12 . 8 tt 20 , were prepared in a similar manner; 100 parts of water 
dissolve 1818 parts of the former, and 2'0 parts of the latter, G, Tamraann made 
what he regarded as barium dilGtrametwphosphate, BaBa^PO^^H^G, by treating 
a soln. of barium chloride with a soln. of K 3 Na 4 (PC^) fl , or LigNa^PQgJfl. The white 
pow<ftr melts when heated in the blast flame. 

According to H, Rose,* hexametaphosphoric acid, prepared by the action of 
^hydrogen sulphide on the silver salt, furnishes a flocedeat precipitate of barium 
hft&aiwtaphosphEta, when added to a soln, of barium hydroxide or 

chloride; a soln, of hexametaphosphate also gives a voluminous precipitate with 
barium chloride, and the filtrate has an acid reaction. The precipitate dissolves in 
an excess of the sodium hexametaphosphate soln, and no precipitation occurs when 
- ammonia is added. According to T. Graham, an a<], soln, of the salt obtained by 
calcining sodium dihydrophosphate, gives a gelatinous precipitate when treated 
with barium chloride. The precipitate gives off water at a red heat, and winters ; 
it then dissolves with difficulty in nitric acid. When boiled with water, it slowly 
forme asoln. of barium dihydrophosphate, Ba(H 2 P0 4 ) 2 . According to H. Wacken- 
roder, barium hexamotaphoephate is insoluble in an aq. soln. of ammonium chloride, 

salt to a soln, of strontium nitrate. The white flocculent precipitate is almost 
insoluble in water, It melts to a clear glass when heated; and it is soluble in dil. 
acids. T. Scheerer showed that the precipitation of strontium compounds by 
alkali sulphates and carbonates is influenced by sodium hexametaphosphate. 
According to H. Hose, an aq. soln, of hexametaphospboric acid does not give a 
precipitate with calcium chloride, but a precipitate is obtained with a soln. of 
calcium hydroxide if the latter is in excess. H, Liidert, and H, Rose also prepared 
Citium hexsmetaphosphate, C%P^0 18) and it resembles the strontium and barium 
salts. G. Tammann prepared what he regarded aa potassium strontium hoxamata- 
phosphate, KaSraFflOi^, by digesting the product obtained by melting potassium 
dihy diphosphate, with a soln. of strontium chloride for two months, J. J, Berze¬ 
lius also made a clear glass by melting sodium hexametaphosphate with calcium, 
ouide or carbonate, and this may contain some sodium calcium hexametaphosphate. 
T* Scheerer prej^ared a product which has been regarded as barium sulpliato- 
pko&phate with variable proportions of phosphate and sulphate by adding dil. 
sulphuric add to a mixture of a soln, of sodium hexametaphosphate with a large 
excess of dil. hydrochloric add and barium chloride. It is probably a mixture of the 
sulphate and phosphate. 
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§ SO, Complex Phosphates of the Alkaline Earths 


Calcium fluoride or chloride unites with normal calcium phosphate, forming 
calcium fluo-orfchophosphate, or cb loro-orthophosphate. Calcium flnotriortho- 
pboephata* SCajfPO^.CaFk or Ca s (P 0 4 ) 3 F, is represented by, the neineral aptiilt, 
sometimes called fiuoro-aprtilc, to distinguish it from the isomorphoUs cJ$orth 
apaitie, or calcium chlorotriorthophosphate, ^(FO^.C&Cla, or CyP^taCI. 
Botli minerals occur in isomorphous mixtures, and are include^ aa*yarietles of the 
mineral species: apatite. Apatite is the most important and the most wiijel}* 
distributed natural phosphate; it occurs 1 in all classes of rocks—igneous, meta- 
morphic, and sedimentary ; hut it is more common in rocks with the lower pro¬ 
portions of silica. It is found in the titaniferous magnetites of Norway, Adiron¬ 
dack*, etc, J. H. L. Vogt a has suggested that when apatite occurs as a vein 
mineral, it has been formed by pneumatolytic agencies. W. M. Hutchings, and 
J. H. L. Vogt have reported the presence of apatite in lead-furnace slags. S. Meunier, 
and (f. t Velain also found crystals of apatite in the ashes of burnt vegetation. 

A. Damour reported a hydrated variety, hydro-apatite, 3Ca 3 (P0 4 ) 2 .CaF ;J .3H 2 0, 
of sp. gr. 310, and hardness 5*, occurring as white concretions. 

Apatite was at first confused with other minerals—fluorspar, aquamarine, 
amethyst, schorl, and chrysolite—but in 1786, A. G. Werner 5 recognized it as a 
distinct mineral species, and gave it the name apatite, from denial, to dcceivft. 
Various synonyms have been employed for more or less impure varieties— e.g. 
moroxite, lamrapatite, phosphorite , hydroapatite, pseudoapatiip. t somhrente, osteolile, 
^taffelite, ftancolite, enpyrochrake, takapat&v, etc. The analyses of 31 H. Klaproth, 
and of L. N. Yauquelin showed that it contained lime and phosphoric acid. 

B, Pelletier and L, Donadei recognized chloro- and fluoro-apatites in Eatremadura 
phosphorites, and G. Ro&e showed that the chlorine and fluorine are interchangeable. 
Numerous an&tysos have been reported, 4 T. Scheerer, and W. C. Brtigger found 
cerium in a Norwegian apatite ; A. Cossa, and I, Bcllucci and L, Grasai, cerium, 
lanthanum, and didymium ; and F, Zambonini, praseodymium. 

The analyses of fluoapatite correspond with CaF.Ca^POJfr or SC&^POi^CaFj : 


\)-C*-Os 
F— C&—G \'=0 
/ 0-^Ca-tK 

0 = 1 \JJ>Ca 


The fluorine may be partly replaced by chlorine, or hydroxyl, C&(F, £11, OH), 
Ca^PO^, In fiotAe cases J. A. Volckcr, and J. Lr Hoskins-Abrahall found tob low, 
a content of fluorine, chlorine, or hydroxyl, and they assumed that oxygen may also 
bo present: 3Caa(P0 4 ) 2 .C&(F 2 , C! s , (QH} 2j 0). The mineral dahUtie, flCagjPQj)^ 
CaC0 3j ia a carbonalo-apatite, or CEdciom carbonaUhphosphfttf* and, also, according 
to A. F + Rogers, it is isomorphous with apatite, W. Tscljirwinaky’s fyodoltte is, 
according to W. T. Schaller, identical with aahflito. These minerals have also been 
studied by W, C, Brbgger and H. Backstrbm, AaSchwantke, etc. The evidence is 
not conclusive, but it does indicate that such apatites are possible. According 
to A, Bari 111, when dicalcium phosphate suspended in water is,heated with carhop 
dioxide under press, {13 kgnna. per e<p cm.), ^5 to 50 per cent, dissolves according 
to the duration of the action. The sola,, when exposed 1 to air, deposits crystals 
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of dioahdiyn phosphate, Calcium phosphate similarly treated dissolves to a less 
extent (10-25 per cent.), and the soln. deposits a mixture of dicalcium phosphate 
and calcium, carbonate (1 mol. F a O* to 3 mols, CaO). It is supposed that an 
unstable carbonatophosphate of the formula HaCa^^Oa-SCQa is formed, but all 
attempt to isolate the substance failed. It has been suggested by A. H. 
Church 6 that the mineral tiroUie is calcium cupric oxycarboruUophosphaUt 
CaC 0 fi . 3 Cu( 0 H) !t . 2 Cu a (P 04 ) ls . 2 H 2 0 . 

A. Ditte prepared o&lemm hromophosphate* SCa^POjg.C&Bra, or broma-a$atite 
ill hexagonal plates by fusing together sodium bromide and normal calcium phos¬ 
phate ; and hcfclso prepared needle-like crystals of bronw-wagnerite, Ca a (P0 4 ) a ,CaBr E , 
in a similar way. The corresponding calcium iodophosphatea, strontium bromo- 
phOSpAatfiSt and strontium iodopliosphates, were obtained in an analogous manner. 
The iodo-apatitfes could not he obtained by fusing together the iodides and phos¬ 
phates of the alkaline earths, because the iodides decompose when fused, but if 
alkali iodides are also present, and access of oxygen to the fused salt be excluded, the 
iodophosphates are formed, 

Accowling to R. J. Haiiy,® apatite was first synthesized by N, T, de Saussure by 
the action of gypsum on phosphoric acid, but it is questionable if apatite was here 
obtained. A. Daubtee, however, prepared microscopic crystals of chloro-apatite 
by passing the vapour of phosphorus trichloride over red-hot lime, N. S. Mpnross 
fused sodium or calcium phosphate with calcium chloride or lluoride, or a fixture 
of the two, and obtained prismatic crystals resembling natural apatite ; and 
H. Briegkb, and R, Nacken used a slight modification of this process with success. 

G. Forchhammer prepared ohloro-apatite by fusing a mixture of sodium chloride 
^fch calcium phosphate or bone-ash, or marl. A. Ditte also obtained prismatic 
crystals of fiuoru-apatite by slowly cooling a molten mixture of calcium phosphate 
with three times its wt, of calcium fluoride and an excess of potassium chloride. If 
calcium .chloride b used chloro-apatite is formed. According to A, Ditte, chlore- 
apatitc is formed by fusing at 1000° a mixture of calcium phosphate with fifty times 
its weight of sodium chloride, the sodium phosphate simultaneously formed does 
not interfere with the result ptovided no more than O il is present, but if more 
than this proportion is formed, plates of sodium calcium phosphate, CaNaPOj, free 
from chloride are produced. H, St. C. Deville and H, Caron fused bone-ash with 
ammonium chloride, and cither calcium fluoride or chloride. H. Debray heated 
calcium phosphate and calcium chloride with water under press, at 2o0 e ; E. Wein- 
schenksimilarly heated a mixture of ammoniumand calcium chlorides and ammonium 
phosphate between 150° and 180° in a sealed tube, H, Debrav also passed hydrogen * 
chloride over red-hot calcium phosphate, and H. Rosenbusch explained the occur¬ 
rence of apatite in some eruptive rocks by this reaction. F, K. Cameron and 
W. J. McCaughey prepared fiaoro-apatitc by dissolving calcium fluoride in fused 
dieodiuln hydrophosphate and lixiviating tlm cooled melt; and ebloro-apatite 
by adding an excess'of calcium dihydrophosphate to molten calcium chloride. 
N. Sheldon, and F. Bai abridge found crystals of fluoro-apatltc in fluoriferoua 
Thomas slags. 

A. Dffcte stated that if the proportion CagfPOJa : 0aCl E be over fl'2 :10, apatite 
alone is formed; -if over Q + Q7 :V00, a mixture of apatite and calcium-mgtimtf!, 
Ca$(P0 4 ) E .C&Cl 2f U formed, and if under 0'07 : TOO, lime wagnetite is alone produced. 
A. Sjogren suggests that the mineral spodfitttte, from Nerd mark (Sweden), with a 
compositfyn mCa^Pfl^flOaFg, where ratn approximate* 8:3, is isomoTphous 
with wagnerite, but tfcis is not in agreement with G. Nordenskjold’s measurements 
of the rhombic crystals which have the axial ratios a: h : c=K)*8944: l: 15836, 

H, V, Tiberg’s specimen had a composition corresponding with Cag(P 04 ) 2 >CaF E , or 
CaF,GaP0 4 , bit there is usually also some evidence of some hydroxyl, and this makes 
the composition CaP0 4 .Ca(F, OH). F. K. Cameron and W J. McCaughey prepared 
an artificial eblorospodiosite in rhombic plates. 

R, Naoken studied the conditions under which fluoro- and chloro-apatites are 
vol, in. 3 m 
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obtained from a fused mixture of calcium phosphate with calcium chloride or 
fluoride. A mixture of calcium phosphate gives a fusion curve, Fig. 68, with a 
eutectic at about 1205° and about 65 per cent, of calcium fluoride. The data Me; 

Car, 100 90 61 72'8 60 6 40 24 per cent. 

Ciyst, begins . . 1302 s 1356° Uir 1370 s 1255° 1305* 15*4° r 

Eutectic oryst. ~ 1206“ 1203“ 1205° 1206° 1198“ 1180° 


There is a maximum melting at about 1650° (extrapolated), corresponding with the 
formation of fluoro-apatite, 3 Ca^(P 04 ) 2 .CttF^. The corresponding curve with 
calcium chloride, Fig. 69, shows that two compounds may bo formed. The data 
are: * 

CaCl, , . 97 95 93 92 SS 82 70per«mt 

M,p, , * . 801“ 900“ 958 s 1040° UW 1 * 128T 

--' '--- , * 

C«^CPn 4 > a .-CaCl a 3Otft'0 i ) |1 CiC1 1 

Calcium-wagneritc has an incongruent m,p. at 1040°, and decomposes when 
heated into chloric-apatite. There is a eutectic at 770 5 . which is very close to 773°, 
the m.p, of calcium chloride, Fluoro- and chloco^apatites form a continuous series 
of mixed crystals. 



Fig, 08.—Fusion Curve of Mixtures of 
Calcium Phosphate and Fluoride. 


Fro, 89.—Fusion Curve of Mixtures 8f 
Calcium Phosphate and Chloride, 


Apatite forms hexagonal pyramidal crystals 7 with axial ratio a:c=l 07346, 
The crystals are iaomorphoua with pyroinorphito, vanadinite, hud mimetesite; and, 
according to A, ¥. Rogers, fluoro-apatite, 3Cas(PG 4 ) 2 ,CaF 2 , chloro-apatite, 
3Ca a (PO < ) 2 .CaCl ST dahllite, dCa^PO^.CaCO^ and volckerite, 3Ca 3 (F0 4 ) a ,CaD J are 
Amorphous, F. Rinne and J. Lorenz found the corrosion figures corresponded 
with hexagonal-bipyramid al symmetry; H. Hagl and F, M. Jaeger studied the, 
X-radiogrwn of apatite. The reported values for the Specific gravity of apatite 
range from G. Forchhammur's * 3069 to S. L. FenfieId J s 3 39 for a cample from 
BranchviJJe, H. St. C, Da villa and H, Caron gave 314 fo# a sample of ohloro- 
fluoroapatite, and C. Vrba, 3*09 for a sample from Fisek. J, A. Douglas found 3197 
for a sample from St. Gotthard, and for the glass, obtained by fusion and cooling, 
2'972, this corresponding with an expansion of- 7 6f per cent, K. A, Gronwall 
gave 3194 for the sp, gr. of apatite from Nordmarken; and T. Dieokmarm and 
E, Houdremont gave 318 for artificial apatite, A. Daubr^e ga^2 95for the sp.gr. 
of chloro-apatite which had been fused, F, Rusirawsky believed that the ep. gr. of 
apatite increases proportionally with the content of chloro-apatite. R. Nacken 
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found 3>8 (25°) for the ap* gr. of artificial fluoro-apatite, and 3'17 (20°) for chloro- 
apatite^ F. K. Cameron gave 3*G1Q for the ap> gr. of chloro-apatite, and for ehloto- 
epodiosite, 3 041 (23 d ) ; G. Nordenskjold gave for natural spodiosite, 294, The 
hardness of apatite on Mohs T scale is 5. F* Auerbach found 237 in his scale of 
absolute hardness ; and T. A, Jaggai found with a scratching sclerometer a hardness 
of 1‘23 when that of gypsum is 01)4 : calcite, 026; fluorspar, 0*75 \ orthoclase, 25 ; 
quartz, 40 ] topaz, 152 ; and corundum, 1000. A. Rosiwal discussed the subject. 
G + NOrdenskjold’s value for the hardness of spodiosite is 5. F, Auerbach’s value 
for the modulus of elasticity is 13,800 kgrms. per sq. mm. 

When heated in "the blowpipe flame, apatite melts to a white enamel, without 
colouiing the flame. R. Cusack® found the molting point of two samples to be 
respectively 1221* and 1227 °; T. Dieckmann and E. Houdremont gave 1030°. 

Doeltor found a sample from Renfrew (Canada) began to melt at 1270°, and 
wa& quite liquid at 1300°. A. Bran obtained a m.p. 1550°, and R. Nackon gave 
1530° for the m.p. of chloro-apatite and 1650° for fluoro-apatite. F.p. curves of 
binary mixtures with ralcium phosphate are shown in Figs. 68 and 69, J. Jolv 
found the specific heat of a transparent green sample to be O'1829, and of a red 
opaque sample, 0T920. V. E, W, Qeberg found 0-1903 for a greyish’green sample 
from Gjerrestadt. F, M. Jagcr found the ratio of the thermal conductivity in a 
direction parallel to the principal axis to that in a direction at right aj£les to 
this axis is 1 35 : 1. W. Voigt also made measurements of this constant. 

Numerous observations of the index of refraction have been made. 10 K, Walter’s 
limiting" values for samples from Luxullian {Cornwall), and from Malmberget 
(Sweden) \ K. Zimanyi's values for samples from Fisck; K. Buez’s values for a 
sample from Gletsch; and M, Sccb&ch’s value for a samplo from Katzenbuckel 
(Qdenwald), are given in Tabic XXII, The reported values for the Na-line range 


^Tabue XXII. —Index of Refraction and Dispersion of Apatite. 


Origin nf spntJto. 


Lucullian 
Glflt&cR 
Malmberget , 

t * 

K&tztinbuckel 
Pisek . 


I^i 


15301 
1-9383 
16341 
1*0328 
1 1-0349 
j 1-034S 
{ 10445 


1-0830 

1-0420 

1-6350 

10361 

1-9381 

1-8370 

1*6482 


1 


15352 

16450 

1*6389 

1*0396 

1-0416 

1-6410 

1-0510 



1 3303 I 1*6336 
1-6390 1 1-6431 i 


0 0014 
0*0017 
0 0022 
00034 
0*0039 
00042 
0-0049 




0-0014 
00017 
0 0024 
0 0036 
0-0038 
0-0043 


00016 
0-OUiB 
0-0035 
0 0035 * 
0 0038 
0 0042 


0 0051 I 0 0050 


from l - 6330 to 1'6482"for and from 1 "6316 to T6431 for The lowest is for 

apatite from Luxullian, and the highest for apatite from Pisek. K, Walter found 
the index of refraction, double refraction, and dispersion of apatite increased with 
incre^sirils proportions of chloride, but was not able to find any definite relation 
between the chemical composition and refractive power of apatite, J, E. Wolff 
and C. Palache examined a number of natural apatites, and were unable to detect 
any definite delation between the double refraction and the proportion of contained 
ohlorine, A. Giftnwall obtained the refractive indiaes 1’638 and 1*635 for 
a sample of apatite 4rom Woodmarken. R. Nacken found for artificial chloro* 
apatite, ju»=1*6667 ±0 002; and for fluoro-apatifce, ^—1*6325 ±0 h 001,and^y=l "630 J 
or /i^O‘003, F, K. Cameroif and W. J. MoCaughey gave l 1 666 for the index 
of refraction of chloro-apatite with Na-llght* and 1'635 for fluoro-apatitc. There 
is a linear increaft in the index of refraction with increasing proportions of 
chloro-apatite, thus, fluoro-apatites with 13, 46, and 74 per cent, of chloro-apatite 
have the respective indices of refraction 1638, 1'649, and 1'658. K. Ziminyi 
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found that yellowish-green apatite from Molmberget became colourless after heat¬ 
ing to redness, and there was a small decrease in the index of refractign after 
the sample had been heated—the decrease was greater with the ordinary than with 
the extraordinary ray. i 

The coloured varieties of apatite exhibit dichroism. H, Rosenbusch? 11 and 
K. Zimanyi found that the extraordinary ray is more strongly absorbed than the 
ordinary ray even with colourless crystals. The latter foand the ordinary and extra¬ 
ordinary rays to be respectively light yellow and bluish-green with pale green 
crystals; reddish-yellow and bluish-green with bright green ciyst^s; brownish ■* 
yellow and yellowish-green with yellow and brown crystals; and yellowish-brown 
and dark green with dark yellow crystals. A. K. Coomaraawamy found blue of stals 
of apatite from Cteylon to have sky-blue and pale wine-red gplours respectively 
parallel and perpendicular to the c-axis; and P. Termier found the red crystal 
from Guillestre (Rautes-Alpes) to be orange or red when viewed along the o-axis> 
and pale yellow or white when viewed aloiig the c-axis. A* Karnojitaky found crystals 
of apatite from Ehrenfriedersdori to exhibit anomalous triduotam* C. Doelter noted 
that crystals of apatite arc optically anomalous. H. Becquercl found the extraordinary 
ray absorption spectrum of a didymiferous apatite from Spain gave numerous lines 
—the most prominent corresponded with X— 583; with the ordinary ray absorption 
spectrum* the lines A=582 and 575 are prominent. 

The colour of native apatite may be white, green, blue, red, yellow, grey, or 
brown. The colour of the mineral changes when heated—thus, K, Zimanyi 12 
found greenish-yellow crystals from Malmberget became water-dear after'heating 
to redness; J. E. Wolff and C. Palache found the deep amethyst-coloured apatite 
from Minot became colourless when heated to about 32(1°; P. Gaubert obtained 
a similar result with blue apatite from Prizisc ; and 0. Doelter found the violet 
apatite from Auburn became paler when heated in chlorine at 500°, and colourless 
if heated to the same temp, in oxygen. F. Pupkc attributed the colouring matter 
to the presence of manganese. E. von Kraats-Koschlau and L. Wohler found up 
to 0'G2 per cent, of carbon and O'Oll per cent, of hydrogen in coloured samples ana 
attributed the coloration to the presence of orgamo matter; but it must be remem¬ 
bered that many minerals have liquid and gaseous inclusions, and colourless minerals, 
in consequence, may furnish carbon dioxide and water - , hence, the organic nature of 
the pigment has not yet been established. G. Doelter also showed that many 
odourless minerals are also coloured by exposure to cathode and othef rays. Thus, 
,violet-blue apatite from Auburn becomes paler and more violet by exposure to 
radium; ultra-violet rays darken the colour, cathode rays were without octign. 
Colourless apatite from Pinzgan was changed to violet after 42 days’ exposure to 
radium; and pale yellow apatite from Sulzbachtal was not changed. 

All varieties of apatite so far examined are luminescent. Eupyrochrq[te and 
many phosphorites exhibit tbermchluniineacerice, and when heated, glow with a 
coloured light. E, Newbcry and H. Lupton found that a sample of Canadian 
apatite which has been decolorized by heat, and recoloured brown in two days* 
exposure to radium, emitted a strong violet thermo-luminescence mapy times 
stronger than the original unheated specimen. iTho brown colour disappeared 
rapidly in daylight, K. Keilhack 13 found that many apatites glow with a yellow 
light when exposed to X-TO9& He found the relative intensity of t^e baht from 
green apatite from Ehrenfriedersdorf to be 34; that from a 1 red apatitejrom the 
same locality, 43; that from yellow apatite from Tyrol, 18, and from Jiftniltf, 14 ; 
a water-clear apatite from Sulzbachtal, 30 ; from a Norwegian apatite, 21; and 
from a Canadian apatite, 20. A. Pochettino found no luminescence with X-rays, and 
with radium raja he found a feeble yellowish-green luminescence the light of which 
was feebly polarized. C. Doelter found that the violet apatite from Auburn 
luminesced with a greenish-yellow light when jxposed to the Ctnboda rays, and pale 
yellow apatite from Sulzbachtal give a yellowish-green luminescence. L* Sohnoke, 
and Q. a Schmidt have studied the yellowish-green,flwraawnoe of apatite. The 
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fonaer infcned'tiba.t the fluorescing particles oscillate vertically to the chief axis, 

ana in tnur plane, the fluorescence \& equally strong in all directions. 

According to W. G, Hankel,u the crystals of apatite are tbenoo-deetrio. With 
moat crystals, on cooling, the basal face is positively and the prism face is negatively 
wajged—p.j. specimens from Tokawaia, Ehrenfriederadorf, St. Gotthard, etc.; 
but mors rarely the opposite effect is obtained— e.g. specimens from Ehrenfriedera- 
dorf and St. Gotthard. The difllectric constant of apatite was found by W. Schmidt 
to be 7‘40 parallel to and 950 vertical to the crystal axis, for A—75. J. Kaluga- 
berger found the Btagnriic susceptibility of apatite from Zillertal to be -1'23 X 1<T 1 . 
W, Voigt an&S. Kfnoshuto found no measurable difference in the diamagnetism 
wbfijjmeasured in directions parallel or vertical to the chief axis. W. Voigt found 
apatife to exhibit pyromagnatism, and also piezo magnetism ; and the magnetic 
moment to be*0-6xl0“< C.G.8. unite. 

* ^According to H. Rogers boiling water extracts a little calcium chloride from 
apatite, but no phosphoric acid is removed. According to G, Bischof and 
J. L. Lassaignc, apatite is soluble to a small extent in water sat, with carbon dioxide. 
A litre of water, sat. with carbon dioxide at ordinary temp, and press., dissolves 
D'00254 part of apatite ; and, after strongly shaking, 0 01034 part ’ 0 907 4 part of 
artificially prepared undried apatite—and 0184 part if previously dried, and 0 0321 
part if previously dried and calcined. According to F. K. Cameron and J, M. Bell, 
water dissolved O’002 grm, of fluoro-apatite per litre, while water eat. wit^'carbon 
dioxide dissolved 0 014 grm. per litre. R. Mil Her also examined the action of a 
soln. of, carbon dioxide under a press, of 3J atm., and after 50 daya T treatment ha 
found WlTPjiGa and 1 flyGCaO jjcr litre waH extracted from moroxite of Hammond, 
T822P a G 6 and 2 l(i8CaO from apatite of Katkarinenberg ; IMZI’^Oa and 1 94GCaG 
ffom^patite from Chili. The glass was not attacked. Dil. mineral acids— hydro¬ 
chloric arid; nitric arid ) and sulphuric add —slowly dissolve apatite in the cold, more 
rapidly^when heated. According to A. Ditte, sulphuric acid in tho cold liberates 
some hydrogen fluoride. T. Petersen found acetic acid dissolve# apatite less readily, 
and A* F. Rogers found that if the mineral contains carbonate, this is dissolved first, 
T. Dieekmmm and E. Houdremont gave 10 per cent, for the solubility of apatite 
in citric acid. H, Baumhauer has studied the corrosion figures of apatite. 

P. W, Forchhamiuer lfl found apatite to bo readily soluble in molten aodiata 
chloride, and on cooling the apatite separates in Long needles, F, A, Wagner used 
molten sodium chloride to separate apatite from kimberlite. B. Yukits melted one 
part qf apatite with. 18 parte of tabradortie, and found apatite crystallizes first, and 
a little lime felspar (anorthitc) is formed ; with 9 parts of labradorite, the reaction^ 
iai greater and auorthite first separates. It is therefore inferred that the apatite 
forms a complex ion, [3Ca 3 (FQ 4 ) 2 ,Ca]". With 5 parte of labr&dorite a calcareous 
plagioclsse is formed. The m.p. of mixtures of one part of apatite with fi, 9, and 
18 parte of labradorite are respectively 1210°-1220°, 122t> Q —12^Cand 1225M235 5 , 
when apatite melts at 1300° and labradorite at 1210°. Apatite dissolves in fused 
mierocosmio salt to a clear glass which freezes to a white enamel. Fused borax 
behaves similarly, and if lead oxide is also present, W, Florence obtained crystals of 
sodium phosphate. According to C. F. Flattner, fused sodium carbonate dissolves 

t and ’decomposes apatite. • 

A. Ditte prepared barium fluoiophosphate, 3Ba a (P0 4 ) a .BaFa, or barium flooro* 
apatite, by a process analogous to that for the corresponding calcium compound, and 
C. vpn W^yczinsky J J mixed 5 88 grms, of orthophoephoric acid with 26 24 grms. of 
barium litrate dissolved in water acidified with nitric acid, and mixed with solm, 
in a platinum dish, with 07 grm. of 57 per cent, hydrofluoric acid. When neutralized 
with ammonia, a granular precipitate is formed which when rcorystallked furnishes 
crystals resembling apatite. A, Ditte, and C, von Woyczmsky prepared gttOtttfrun 
fluorophospbata, ^r 3 (P0 4 ) 2 .BrF £ , or strontium fluoro-apatite t in similar ways. The 
properties of these compounds resettles those of calcium apatite, H. St. C. Deville and 
H, Caron prepared hexagonal prisms of barium chlocophosphate, SBa^PGj^B^C]^ 
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hmwn thbro-ofotitet by melting barium orthophosphate with an excess of barium 
chloride. The corresponding strontium chlorophosphate, SSr^PO^SiCI^ 
chbro-apatite, was obtained in a similar manner* *■ 

H. St. C. Deville and H. Caron . 18 prepared calcium iBagnerke t Ca^jrOjj.CaCJj^ 
by melting bone-ash with on excess of calcium chloride ; A. Ditte prepared it by 
melting calcium phosphate and chloride. The conditions under which it is formed 
have been previously indicated, Pig, 69. The tnonoclinic crystals have a sp. gi. 
3'G5, According to A, Ditte, when melted with sodium chloride, it is decomposed 
with the formation of apatite, and mixtures of calcium and sodium chlorides con; 
taining over 30 per cent, of the latter behave similarly. * 

E, Erlenmeyer 11 haa prepared a series of hydrated calcium OlfiorOHlihydroplw$pli*t«* 
Tho product, 7Ca(H t P0 1 ) s .CttCl fl . 1411,0, crystallizes in rhombohcdreJ plates during the 
spontaneous evaporation of a cold sab* sola, of normal calcium phosphate in hydrochloric 
acid ; if the mother liquid be treated with half ae much hydrochloric acid as ia already 
sent, and evaporated until crystals separate on cooling to 0°, a crop of crystals, 4Ca(H 1 FO < ),. 
CftCl,. aH |0, appear—the filtrate furnishes crystals of 7Ca[H a PO*) ,.CaCl,, 14H 4 0. 
If the mother liquors from the preceding operations be evaporated on the water-bath, 
crystals of calcium hydrophosphate are first obtained, and then a crop of white talcdilce 
plates of Ca(H a PO 4 ),.CftCl I .aH a 0 separate out. These crystals are only partially soluble 
in water with some decomposition. If the last-named crystallization occurs at a tamp, 
below 6°, long needles of Ca^HjFOJj.CaClrflHgO appear. E, Erlenmeycr also crystallized 
turittm* ehloro-dlhydiophesphatB, 4Ra(H B P0 4 ) l .BaCl s , from a soln, of normal barium 
phosphor In hydrochloric acid. It. Ludwig added ammonia to a stdn. of barium hydro- 
phosphate in hydrochloric acid (with or without tho addition of barium chloride), and 
obtained a precipitate of variable composition; so too H. Bose extracted the soluble 
matter from the product obtained by calcining a mixture of phosphorus psntolide with 
barium chloride; here again the residue has a variable conqioflitiom 

F. Wibel * 0 prepared what he regarded as a basic phosphate by heating to rfSiness 
a mixture of calcium carbonate and normal calcium phosphate. The precipitates 
formed by adding a eoln. of sodium phosphate to a hot soln. of calcium ^chloride 
were found by F. Wibel to contain some calcium chloride—c.tf. 4 Ca a (PC> 4 ) a .CaCI 2 . 
According to K. Wurington, if freshly precipitated normal calcium phosphate be 
allowed to stand in contact with water for ten to twelve hours, a aoln. with an acid 
reaction is obtained, and tlie undissolvcd residue contains an excess of calcium 
hydroxide which corresponds approximately with Ca^PO^.CafOH);. C. Blarez 
also found that if a cone. soln. of lime-water be shaken with dil, phosphoric acid, 
a precipitate is obtained which contains CaO : P a C >5 in the ratio 3'67 * 1, and 
when washed until the runnings are neutral 3 3:1. The mineral isocZare was 

,found by F. Sandbcrgerto approximate in composition to Caj(P0 4 ) !! .Ca(0H) £ .4H s 0. 
or tetrahydrated calcium hydroxyphosphate. The formula can also be repre¬ 
sented 4 CaO.P 3 O 5 . 5 H 2 Q, or, with P* Groth, CaPOifCaOHj.aH^O. The colourless 
crystals were considered by F. Sandberger to belong to the monoclinic system; to 
have the hardness and sp. gr. 2'92. The water js readily evolved whenfsoclase 
is heated, and the crystals melt when heated before the blov^iipc. The mineral is 
readily soluble in nitric or hydrochloric acid. 

C. von Woycainsky prepared plates, belonging to the cubic system, of strontium 
hydroxyphosphate, Sr 3 (P 0 4 ) 2 ,Sr( 0 H) 2 , by melting in a silver crucible, protected 
aa far as possible from air, a mixture of 15 grins, of strontium hydroxide, 7 grins, oL 
sodium hydroxide, and 6 gims. of sodium hydxophosphate. The cold mass was 
extracted with water. He prepared barium hjdro^phosphflte, Ba a (P0^) s .Ba(QH) 2 , 
in a similar manner, C. Blares also obtained basic phosphates by shol^ng a diL 
soln. of phosphoric acid with a cone. soln. of strontium or l^rium hydroxide, and 
washing the precipitate until the runnings were neutral. 

Four kinds of crystals have been reportedSn basic slog: (i) brown plates; 
(ii) blue rhombohedra; {ill) brown needles; and (iv) blue or green pyramids, 
A* Carnot and A, Richard obtained blue rhombic crystals of the composition 
Gas(P 0 4 ) a .Ca a SiQ 4 from Thomas slag; V. A.JCrolt called the substance caratfite, 
a name likely to lead to confusion with the vanadiuih ore. J. E. Stead and 
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aIM ^ B■ Bik'king and G. Linok isolated rnonoclirr.t;. jiHPlliln- 
rhombic colourless or brown plates of anhydrous cskinni oijorthopbo8pb&te» 
i' e - p*affQ*)£;C&G, also called tetrawlcitm phosphate; V. A. Kroll called 
it hHgeMU)ckiie t after its discoverer* According to P. Termier and A. Richard, 
this compound has axial ratios, <i: 6; c=?0 5773:1; 1 255 and 0^90°* The 
ap* gr. k 2'9 to 31—H, Bucking and G. Linck gave 3 0S; the hardness is about 
3^; the m*p. 1870° (H. Blome); and the index of refraction I'6, The brown 
plates are feebly pleochroic ; the short prismatic crystals are also pleochroic, with 
different shades of blue* G. Hilgenstock prepared hexagonal colourless needles of 
calcium oxyphosph^te by melting together ths calculated quantities of lime and 
normal calcium phosphate, or calcium hydrophosphate, or phosphoric oxide, with 
ftuor^ar as a flux, H. Bucking and G. Linck believe that the hexagonal and 
mouoclinic forms £ re really silicophosphatcs or phosphatoailicates —mde supm y 
65; and their analyses of the uniaxial hexagonal clear or brownish crystals 
correspond with 4Ca3(PQ 4 ) 2 ,Ca a Si0 6 —V. A* Kroll calls the black crystals stwidile 
and represents the composition by the formula 3Ca a (l , 0 4 ) 2 .Ca i Si(> 4 .2Ca0 — and the 
blue pleochroic monoclmic crystals, iCagfPOiJa.SCa^SiO^. J. Ortlieb found brown 
grains of a mineral species, tCaO.SF^Oj.SiOjj, in thn chalk of Ciply (Belgium), 
and he called it dptyte. J, E* Stead and C. H. Bidedalc also found 1G4 per 
cent, of vanadium in the blue crystals. H. B, Kosmann believes the constitution 
of the crystals to be OjCaO.FO(0 2 Ca)! 2 ; and P. Groth regards them afl repre¬ 
senting the normal salt of an acid, H K P a 0 9 , t.e. (OH) 4 P,O.P(OH) 4 ^ J> & Stead 
and C. fl H. liidsdale also found in basic slag some feathery crystals with 9G per 
cent, of base ; and two klndsof biack ncedle-liko crystals containing calcium oxide, 
alumina, and ferric oxide. V* A. Km!) described crystals of (jCa0.1 J 2 0g*FeaSi0 4 , 
^hicip he called lkom(isite t since they were found in Thomas slag. According to 

D. N. McArthur and A. Seufrt, there are at least four wdl-dehncd silkophosphatea 
in basic slags; (i) J. E. Stead and (J. H. Ridsdale'a brown crystals with the ratio 
SiOfc: PjOg —1:4; (ii) J* B. Stead and (J. H. Ridsdale’s pleochroic crystals with 
the ratio 1:1; (hi) V. A. Kroll J s octobasic compound with the ratio 1:1; and 
(iv) one which, they themselves describe with the ratio 3:1* V, A, Kroll, and 

E. Steinweg found that the slow cooling of the slags favoured the formation of sihoo- 
phnsphates. The nature of basic slugs bus Wen discussed by E* Jensch, A, Frank, 
H, von Juptner, etc. 

A* von Groddeck and K* Broockmann found crystals analogous with Ca 4 PdJ 9+ 
H. Blpme found the crystal of Co^Oq, or CaG-Ca^PO^, to have a m,p t of 
1870°. H. Otto stated that the compound is readily soluble in dil* acetic, hydro¬ 
chloric, or nitric acid; and is decomposed by dil. sulphuric or citric acid. According tef 
R t Hartlcb, calcium oxyortliophosphatejiCaO.PjjO^^.fr. Cag(P0 4 ) Sf .Ga0 1 rarely occurs 
in basic slag, and tjiat even without this, the slag may be very soluble in a soln. of 
citric acid. Calcium oxyorthophnsphatu is almost insoluble in a soln. of citric acid, 
while normal calcium phosphate is completely soluble, E, Dittler has further 
investigated this subject. Ammonium citrate extracts all the phosphoric acid : and 
100 c,c, of water sat. with carbon dioxide dissolves 0 03 grm. According to O. For¬ 
ster, when calcium oxyorthophosphate is treated with water, it passes first into 
.calcftim hydrophepphate, CaHPD 4 , and calcium hydroxide ; and it then forms a 
compound, Ca 3 (P0 4 ) 2 ,Ca(0H)^, from which calcium hydroxide extracts no calcium 
hydroxide, and it is hence supposed to be a true compound and not a mechanical 
mixture* The comjyiund. is soluble in citric acid, but the product obtained by beat¬ 
ing calciAm oxide and phosphate is not soluble in that menstruum. A soln. of the 
crystals in very dil. nftric acid gives a precipitate of silver phosphate, AgsPO*, when 
treated with silver nitrate, ■ 

K. Bassett found no evidence of the existence of tetraoalcium aalt, Ca 4 P a 0 B , 
in his study of thg ternary system, CaO—P 2 0 6 —H^O; but he obtained what he 
regarded as hydroxyapatite* SO^PO^^OatOHJa— Caldum hydioxyhexaphosphate. 
The region of stability of this compound is fairly extensive, and reaches very nearly 
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to the point representing *the solubility of calcium hydroxide; the solubility curve 
extends from markedly add, through neutral, to markedly alkaline soln/ t)f ail the 
calcium phosphates this ie the only one not decomposed by water; it ( can dissolve 
unchanged in water, but the sat soln. is extremely diL The isotherm at 25° is 

shown in Fig. 70* R. Waring ton jhowed 
that by repeatedly extracting normal calcium 
phosphate with boiling water, a product is 
finally obtained with analyses corresponding 
closely with hydroxyapatite, and K, Bnch’q 
experiments on the action *of water on 
calcium hydrophosphate point in the same 
direction. There is also the Norwegian 

mineral with a composition ap¬ 

proximating 3Ca^(P0 4 ) 2 .CttO, or oxywptfjte* 
which A. F. Rogers believes to be isomor- 
phous with apatite. 0, Forster obtained 
this substance as a residue when basic slag 
is treated with citric acid, T, Dieckmann 
and E. Houdremont prepared oxyapatite, or 
calcium oiyhexa phosphate, 3Ca 3 (P0 4 ) s .Ca0, 
of sp. ^r, 2'99; m,p,, 1540'; and percentage solubility in citric acid, (57. 

The salt 3Ca B (P0 4 ) a .Ca0 is usually regarded as a basic salt in that it contains 
morebase than corresponds with the norma] salt. H, Bassett suggests that hydroxy* 
or oxy-apatite, and pc^iblynormal calcium phosphate, are related to calcium hydro* 
and dihydro-phosphate, much as an orthophosphate is related to a pyrophosphate^ 
so that hydroxyapatite is the salt of an acid, HuPjO^ iu which one acidic hydtogen 
atom is not neutralized. The great difficulty involved in the expulsion of the water 
is taken to indicate that it is directly associated with the acid rather than with the 
base. The halogen of fluoro- or chloro-apatite is then regarded as being ‘directly 
attached to the phosphorus. The compound CaO.SPQCiy is regarded as a chloro- 
derivative of calcium dihydrophosphate, calcium httAhydroxy phosphate* 
Ca0.2(0H)fc r P: 0, i.c, of Ca(H 2 P0 4 ) 2 ,H 2 0. If hydroxyapatite has the formula 
SCa^PO^.CalOHjjj.HsQ, the corresponding acid is H M P 0 Q 37 , i>e. SHgFgGg, an 
acid which has the greatest range of existence of all the phosphoric acids. 

The liquid from which bone is deposited in animal tissues is very nearly neutral; 
and, although complicated by the presence of additional salts, the c^nditiojia are 
probably similar, sc far as calcium salts are concerned, to those of the simpler 
ternary astern, CaO—P 2 0 5 —H 2 0. Hydroxyapatite is the stable phase in sola, 
with the degree of acidity characteristic of animal tisanes, S. Gabriel 21 haa analyzed 
hone phosphate prepared by digesting dry powdered bone with.a glycerol soln, of 
potassium hydroxide at 180°-20(> Q ,and obtained the results indicated in Table XXIII. 
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TAe alkali in the analyses was not derived from the glycerol bo In. The product was 
a white pWder showing the structure of the original hone, and almost free from 
organic matter. When this product is heated over a small flame in a platinum 
crucible, carbon dioxide begins to be evolved before the bottom of the crucible ia 
ced hot, J|nd ha therefore believes that the carbon dioxide is not present as calcium 
or magnesium carbonate, but rather as a phosphate-carbonate or carbonate-phos¬ 
phate, H. Bassett bag recalculated the data in Table XAIII, and shown that the 
most probable conclusion is that the mineral constituents of bone consist in the 
main of hydroxyapatite, (Ca 3 P 2 G 8 ) a Ca(OH) a? mixed with a certain amount of calcium 
carbonate, tn addition te these chief constituents, there arc also small amounts of 
tha bicarbonatee of magnesium, sodium, and potassium, which appear te be merely 
adsorbed by the aggregate of phosphate and carbon. The small amount of chloride 
also present is^robably also adsorbed in the form of sodium chloride, although it may 
^b^ present as chloroapatite. Several other investigators—J. H. Aeby, W. Heintz, 
« R. Muller, E. Erlenmeyer, etc- have suggested that the inorganic base of bones 
is a basic calcium phosphate. W. Heinta also suggested that teeth contain a basin 
calcium phosphate. J, H. Achy also found the composition of bone phosphate to 
be6Gtt fl (P0 4 ) a ,Ca(0H)a.CaC0 3 .4H 2 0,or3Ca a (P0 4 ) E ,Ca{0H) s .2H a O J althoughr.Wibel 
held that the composition of bone phosphate is not constant. H, Bassett also 
added that similar remarks apply to soii ptottpfloies. He said : 


The range ol acidity or alkalinity in most ordinary soils conic* well within the range over 
which hydroxyapatite is the stable calcium phosphate, and it seems certain that it is the 
only suim phosphate that can exist permanently in the soil. Any other phosphate added to 
it will be converted into hydroxyapatite with greater or leas readiness according to oircum- 
Htances. It has long been recognized that calcium hydruphosph&tc added to the soil in 
HUpe^Jioaphato very quickly ccohcs to bo present as such, although it is generally stated 
to revert to normal calcium phosphate. By adding the phosphate in the form of super- 
phosphate, the hydroxyapatite in obtained in a finely divided state, which is important 
owing te its sparing solubility. Finely ground basic slog when added to the soil will also 
be converted fairly quickly into hydroxyapatite, whether it contains tetmcalcium phosphate, 
or Some other compound possibly more closely related to hydroxyapatite. It is highly 
probable that the earthy phosphorites and coprolitetf are impure mixtume of hydroxyapatite 
and calcium carbonate, and it is known that when extremely finely ground they give 
satisfactory result# when used directly as fertilisers. Under the conditions which have 
led to the accumulation of pbosphatic depouitu, a curtain amount of replacement of the 
hydroxyl of hydroxyapatite by chlorine or fluorine has occurred, owing no doubt to the 
action of saline win. . 
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g 3L Some Relations between Calcium, Strontium, and Barium 

The elements o£ the alkaline earths—calcium, etrontium, and barium—exhibit 
a close kinship end display a gradatton in their properties from member to member 
as the atomic weight increases in passing from calcium, to barium. Thu elements 
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become mote active chemically as their atomic weight increases; the Bp. gr 
of the element* and compounds increase; the basic properties and solubilities 
of the hydroxides increase; and the solubilities of the halides, nitrates, sulphates, 
and chromates decrease. The physical properties of the elements are indicated 
iu Table XXIV, 

d 

Tab lb XXIV.—Physical Properties of the Alkaline Earth Metals. 


f 


At, wt. i 

SP- & .j 

At. voL , j 

M,p... 

8p. ht.* , . i 

Flame coloration , I 

Heat of formation of monoxide R"0 Cals. 


Calcium. 

Strontium. 

Barium, 

40 ' 0 & 

87-03 

r 

; 137 -ar 

1 '62 

2'55 

3 -fi 

26-4 

36 -lfl - 

30 ft 

780 ° 

800 ° 

8 GQ* 

0 - 1 G 2 ' 

— 

o-oes* 

Briok-red 

Crimson 

Green 

131-3 

130 98 

13038 


The metals are fairly stable in air; they quickly tarnish in ordinary air; and 
, when located, they burn to the monoxide; they are all bivalent; they combine 
with water with the evolution of hydrogen at ordinary temperatures; and form 
soluble oxides of the type R"Q, hydroxides of the type R"{QH) if and peroxides 
of the type R"0a, The salts are discussed under <( Chlorides,” Sulphates/ 1 
** Nitrates/' fs Sulphides/’ etc. The normal carbonates are but sparingly soluble 
in water; the unstable acid carbonates are more soluble. The low solubility of 
the carbonates, chromates, and sulphates is utilized in analytical work. AlkthrdB 
carbonates are precipitated when ammonium carbonate is added to solutions of 
their salts. Radium, in this family of elements, will be discussed later. 
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Absorption index, 4T 

^Acquerite, 300 
Aerugo nobilia* 70, £70 
Aca, 2 

--cuprlum, 2 * 

—-— cyprium, 2 
Aguilorite; 300 
Aikeuite, 7 
Alabaster, 700 

X, 36S 

Alluvial gold, 401 
Alatonite, 002, 025, 334 
AmalgWh, 300 

-gold, 404 

a— tables, 403 
AmaiigBmatian, 303 

-European process, 303 

—— Mexican process, 303 

-preccss, gold, 495 

Ammonium amininG-iodocuprito, 205 
-—— argentoduoridc, 390 

-barium dimebaphosphata, 893 

-trimetaphosphate, 894 

■ ■■ ■ bromoaurate, 007 

——* bromocupmte, 200 

——■ calcium copper tetrasulphate, 811 

-— cupric tetrasulphato, 813 

-dimetaphoaphate, 894 

— ; —-— disi&phats, 812 

-hexasulphate; 812 

—'»-phosphate, 878 

-’-trisulphate, 81 

-chloride, BaClj—CuClj—H ( 0,718,720 

-cbloroaurates, J94 

—— clflorccuprate, ISfi 

- — cupri-tetrafiuoridd; 150 
-trifluoride, 158 

-cupric calcium tetranulphate, 813 

— --diamminododWe, 209 

-— dimatephosphaita, 292^3 

„-'—“ eulphate,,255 * 

---tetrammino-iodide, 209 

-cuprous orthophosphate, 227 , 

-- diaramifio tetrachlorocuprate, 180 

—“jdibrttmocuprite, 195 
—’ dwhJoroouprite* 163 

-dfchlorodicuprite, 183 

—— dioupric sulphate; 255 
-—— disufp hatocupr at e, 255 

-- iodocuprito, 205 

-- uitratoaurate, $16 

-pentochl orocuprite, 183 _ 

-phosphatooqprite, 28X 

-potassium calcium disulphate, 812 


; Ammonium potassium disulphatoouprite, 
259 

silver cbloroauratofs, 505 

■ —--— nitrate, 479 

-strontium dimetaphoephato, 894 

—— eyngenite, 812 

|-tetrasulphocuprate, 227 

-tnamnuno-bromocuprite, 195 

-triamminO'Cuprite, 205 

-tri-bromocuprite, 105 

—-— tnchlorocuprate, 184 
: -trichlorocuprite, 183 

■ — “ trifluorocuprate, 156 

-trisulphato-euprate, 255 

Angle of principal incidence, 47 
Anhydrite, 623, 761 

-- soluble, 789 

Anode mud, 27 

-slims, 27 

; Antimonial silver, 300 
Anttante, 265 
Apatite, 623, 097, 896 
Aragonite, 622, 814 
Arg, 295 
: Argat, 295 
Argenterie niellos, 447 
Argentic acid, 483 
Argentite, 300, 433 
Argentum, 205 

-purpm, 295 

Argillaceous limestone, 315 
Argynodite, 300 
Argyfoee, 438 
Amimite, £80 
Ajreeniopltfte, 623 
Arseniesidedte, 623 
Asperolithito, 8 
Atopite, 023 

Augustin's process, silver, 305 
Aerates, 577, 584 
I Aureus pulvis pyrius, 532 
Auric acid, 584 
-bromide, 605, 606 

, . .. dibthylbroraide, 007 
— chloride, 536; 539 
—. hydronitrate; 616 
- — hydroxide, 586 

!-imidoohleride, 683 

j-iodide, 009 

! — nitrate; 016 

, ■■— nitroeyj chloride, 505 

-oxide, 577, 579 

; -phoephorobroraide, 60S 

; ™ — phosphorochloride, 595 
I salts, 677 
: —- edenooWoride, 605 
1 —- nKoochJ&ride, 606 
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Auric stannkhloride, 595 

-- stibnoohloride, 596 

-- sulphate, 615 

-solphochloride* 595 

—— sulphide, 613 

-titanoohloride, 695 

Auritee, 677 
Auroaurie sulphide, 632 
Aurora* 296 

Aurosoanric bromide, 605 

-chloride; 586 

—- hydroxide 579 

— oxide, 677, 679 
—— sulphates, 615 
Aureus amminoiodide, 609 

-ftmmonichloride, 689 

-- bromide, 605, 606 

-bramoaurate* 605 

-chloride, 686, 687 

-—- chloroftusate, 586 

- dianuninobremide* 606 

—-diaraminochloride, 689 
-dodeoa^amrninoehJondc, 689 

—— hydroxide; 578 
-iodfde* 608 

— nitrate, 610 
—- oxide; 57 7* 578 

-phosphinahromide* 606 

—- phoepharochloridc; 589 

-phosphoroohlorobromide, 606 

^ phoflphorotriftthoxychLoridf\ 589 

-Baits, 677 

-sulphide; 610 

-colloidal, 611 

—— triftmminochioride, 589 
Aurum, 296 

-fulminauii, 582 

-- obryium* 301 

-Bclopetans, 582 

-volatile; 682 

Auryl hydrosulphate, 615 

-nitrate, 610 

-oxide, 680 

--oxynitrate, fllG 

^Auais, 296 
Auaurn, 296 
Autunite* 623 
Awr* 296 

Axurite, 7, 270, 274 
-aino, 275 


B 

Baldwin's phosphorus; 740 
Ball mills; 497 
Barite; 762 
Barium, 620 

-ammonium dimetaphoephate, 803 

--trimetaphaephate, 804 

— analytical reactions, 641 

- —- a urate, 584 

-atomic wt , 646 

—— bromide, 725 

-djhydrated, 727 

-- properties, chemloeJ, 727 

-—-physical, 726 

bromoaurate, 007 
—- - calcium carbonate, 846 


Barium calcium sodium potassium car¬ 
bonate, 841$ 

—_ ralphatofluoride, 813 

-tetrachloride, 720 & 

-- carbonate; occurrence, 814 

--preparation, 814 * 

-properties* chemical, 839 

-physical, 833 

- - . — solubility, 824 
-chloride, 607 

-—- -— and fluoride, 718 

-— Cad,—UaCl—KjG, 716, 720' 

-— Cad(—SrCI a , 720 

- --chloroauratc, 505 ■ 

-,Cu01*-KCI—H.O, 715, 720 

-CuCl,—NH<V1—H,0, 715; 720 

; —-dihydrated, 705 

j — — hydrated, 702, 705 

■ -KC1—NaCI, 720 

--preparation, 007 

; -—--properties, chomianl, 714 

I -■— -■ —, physical, 700* 706 

|-SrCl,—NaCl, 720 

i — chlorobromide, 731 

- - ahlorodihydrophonphato* 902 

-- chlorosulpbate* 799 

-cuprate, 149 

- cupric chloride, 720 

- dihydrophoephat<\ 886, 887 1 

| -dihydropyrephoepbate, 892 

; dimetapiioephate, 803 
|-dihydrated, 803 

- —- dioxide, 066 

| --— dipt) coxy hydrate, 607 

j-- — liydroxyhydrate, 671 • 

-— monohydrated* 667 

| —-octohydrated, 667 

!-— peroxy hydrate, 667 

—— disulphomodidfl, 737 

-- ditetremotaphosphate, 895 

j —— fluoride, 688 

i —-— and chloride; 718 

|-— preparation* 688 

■ —-properties, chemical* 693 

---, physical* 689 

— fluoro apatite, 001 

-fluarobromid(\ 731 1 

-fluoroehloride, 004, 718 

- fluoroiodicle; 730 
-fluorenitrate, GO* 

- - - fluorophosph&te, 001 

-hexametephosphate* 805 

-hexamminoiodide* 737 

- history, 019 

- - hydride, 040' 

--hydrocarbonate, 844 

-hySrodietilphate* 784 

hydrophosphate; 881 

-- j.-colloidal, 882 

hydrosulphate, 784 

■ ■ — hydrosulphide; 4T50 

; —— hydrotetraanlnhate; 784 

j-hydrotriaulphace, 784 

—- l^vdroxide, 673 

-■ hexadecahydrated, 676 

! --- monohydmted, 676 

-cx>tobydrate|h 675 

, —.. . -- properties, chemical, 035 

I -, phydoal, 681 

i-— solubility* 677 
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Barium hydroxide, trihydmted, 676 

'-hydrdxyhydrtwulphide r 742 

- 1 — pentahydr&ted, 744 

-hydroxyphosph&te, 002 

-— iodide, 734 

— ——vdihydrated, 734 

-hexahydrated, 734, 735 

’-iodoaurate, 610 

-isotope*, 648 

-lead iodide 738 

,-- metaphoepbate, 803 

—— monooratephoephate, 893 
—™ modosulpbido, 741 
--\ponoxide, 653 

— nitrate, 840 
-dihyQratod, 849 

^-— properties chemical, 800 

-„- 1 physical, 856 

--solubility, 850 

——* —-— tetrabydrated, 649 

-* occurrence, 822 

--oetamtTunobrormcie, 73(1 

-orthophosphate, 866 

--— properties, chemical, 808 

—■ —-“ physical, 867 

——- oxide, highv, 866 

-—--properties, chemical, 603 

-, physical, 660 

— — Derides, 6G£ 

-oxybromide, 731 

-oxychloride, 716, 717 

™—^ry iodide, 738 

T —^ pentoeulphide, 755 

-phosphates, 884 

—- pliptolummeecence, 745 

-polybromide, 730 

-polyiodide, 738 

—— polysulphides, 762 
—- potassium calcium carbonate, 846 

— -carbonate, 845 

--dimetaphosphsto, 894 

— --pentabromide, 732 

— --— phosphate, 877 

-_ .. ^^ decahydrated, 877 

- *.— auifihftto-chJoride, 813 

— -nitrate, 813 

—,-, tetrachloride, 719 

--trimelaphosphate, 894 

-preparation, 626 

—— properties, chemical, 637 
.———a—, physical, 631 
—— pyrophosphate, 894 

-dihydrated, 801 

—- — monohydrated, 801 
—— silver chloride, 720 - 
-- sodium calcium carbonate, 846 

—— *-- carbonate, S45 * 

■—-* chloride, 720 

-fluoride, 695 

—■-beptajiulphftte, 805 

— i-•phosphate, 808 

.——---decahydrated, 878 

— - pyrophosphafcs, 892 

—— —— trimetapnosphats, 894 

—-— strontium calcium hfixochloride,*720 

--sulphate, 763 

-suboblonde, 71^ 

— suboxide, 653 

-sulphate, 760, 785 

-colloidal; 765 


] Barium sulphate preparation, 763 

-properties, chemical, 798 

——' physical, 792 

—- — solubility, 777 

-suJplifltophoBphato, 895 

--sulphide nexwiydrated, 744 

---- monohydrated, 744 

---properties, chemical, 742, 744 

- —-■-, physical, 742, 750 

sulphides, 748 

-- tetrametaphosphate, 894 

-octohydmted, 895 

-■ tetramminochloride, 716 

—— tetraphosphate, 892 

-- totrasulphide hydrated, 753 

—tetrasulphoniodide. 377 

-tetroxiae, 672 

*“■ trimetaphosphote, 894 

-triphosphate, 892 

-tritiutphidn, 762 

-uses, 644 

Bariumurauite, 626 
, Barote, 020 
Baryta, 020, 653 
-felspar, 025 

- — saltpetre, 025, 849 
-water, 676 

. Baryt.apatite, 025 
| Barytes, 702 

-cockscomb, 763 

— crested, 763 
-uses, 802 

Barytocaleite, 622, 026, 834, B14, 846 
BarytocoJostinriB, 763 
Base metal, 368, 625 
Bechilith, 023 
; Beer’s law, 176 
| Berlin blue, 274 
Berzelianito, 7 
Bcrzflliitfl, 023 
d-copper, 116 
Bismuthaurite, 404. 531 
Bitter spar, 622 
Bituminous limestone, 816 
Black gold, 631 
Blast furnace smelling, 23 
Blister coppnr, 25 
— roasting, 25 
Blue, Berlin, 274 

-felspar, 274 

--john, 688 

, - -spar, 274 

- - - vitriol, 234 

I Bologna spar, 619 

1 -stone, 019, 740 

Bolognian stone, 919 
Bone phosphate, 904 
Bononian stone, 619 
Boothite, 234 
Boracite, 623 
Bordeaux mixture, 262 

j -soda, 267 

; Boranatrocalcitc, 623 
; Boryokite, 623 

Boss process, silver extraction, 304 
Botallacite, 178 
BoviHe bordelaise, 262 
Bwmdtite, 02a 
. Brass, 1, £ 

j -distillation of zinc from, 10 
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Breccia* 815 
Breithanptite, 220 
Brewsteiite, 025 
Brittle silver ore, 300 
Broebantite, 7, 234, 262, 264, 266 
Bromargyrite, 300, 418 
Bromite, 416 
Bromlite, 626. 846 
Bromoargyrite, 300, 418 
Bromoouprates, 200 
Bromocup rites* 106 
Btumowagnerite, 897 
Bronze, 1, 2 

—- an&lysia ancient, 1, 2 

-caries of, 76 

Brown spar, 022 
Bruahite, 623, 880, 882 
Buchner's ciystale, 767 
Burnt lime, 663 


Cadmium chloroaurate, 595 
1 C^urtf urgentobdides, 433 
-brdmoaurate, 007 

— — bromocupn&tes, 200 
-calcium tetrachloride, 710 

— ——trisulphate, 810, 811 

-chloroaurate*, 694 

-disulphatocuprato, 267 

heptachlorodieuptate, 160 

-pentachloroc u p rite, 163 

-silver chloride, 404 

-> __ T -. chloroaurate, 606 

. . nitrate, 481 

-strontium enneachloririe, 7L9 

-syngemte, 811 

-- tetrachlorocuprate, 407 

-tetraohlorocuprita, 163 

tetWBulphocuprate, 228 
—- trichlorocupr&te, 189 
—■—trichlorocuprite, 183 
Calaverite, 404 
Calcareous sinter, 814 
* Calcimagnite P 814 
Calcio-fenite, 623 
Calciomaloobite, 274 
Calciostrontianite, 622, 834 
Calotte, 622, 814 
■ - ■ dolomitio, 814 

Calcium ammonium dimetaphosphata, 894 

-■ disulphate, 812 

■*— .. — hcxaoulphate, 812 

— -phosphate, 878 

-trisulphate, 811 

-analytical reactions, 021 

— atomic wt., 046 

-aurafce, 084 

-barium carbonate, 840 

■——-sodium carbonate, $40 

---potassium carbonate, 846 

— -— strontium carbonate, 846 

— ---— heraohloride, 720 

-sulphate-fluoride, 813 

— --tetrachloride* 720 

-bromide; 725 

-—- ■ properties, chemical, 727 

---—, physical, 720 

^_L_ trihydrated, 728 


Calcium bromophosphate, 897 

-oisahmi tetrachloride, 710 

-trisulphete, 810, 81J 

-carbonate, baalo, 667 * 

-coUoidal, 816 

--dihydrated, 822 

— --hexahydrated, 822 

-■ occurrence, 814 

-— pentahydrated, 822 

-.—„ preparation, 814 

-properties, chemical, B30 

--—, physical, 83* 

-solubility, 824 

— trihydrated, 822 
-chloride, 697 

— -- and fluorido'718* 

-BoCl,—SrCl* 720 

—■-cuprous chloride, 7J8 

— dihydrated, 703 

--hexahydnated, 704 

-hydrated, 702, 703 

-■■ lithium chloride^ 718 

..NaCl-KCI, WO 

--— preparation, 607 

-- properties chemical, 714 

- ( physical, /DO, 700 

--silver chloride, 718 

— --a odium chloride, 718 

-tetrahydiated, 704 

-chloroaurate, 596 

—— chlorodihydrophosphate, 902 

*-rhlorophoapliatc, 800 

—- - ehlorotriorthophoaphate, 896 
-copper potassium tetrasulphate, 811 

— cuprate, 140 , 

-cupne ammonium tctrasulphate, 813 

-- - decachloride, 719 

.. disulphate, 812 

.oxyearbonate phosphate, 807 

.. tetrachloride, 710 

-diammino-chloride, 710 

—— dihydrophosphate, 806 

-- -— monohydrated, 887 

-dimetaphosphate, 803 

-— dihydrated, 893 * 

-dioxide, 006 

“-dihydrated, 608 

-—- diperoxyhydrato, 068 

-hydroxyhydrate, 07 J 

- octohydratiki, 008 

-fluoride, 088 

— .and chloride, 718 

. - preparation, 688 

- — properties, chemical, 003 

---——* physical, 089 

-fluurobromido, 731 

- fliforochloride, 718 
—— - fluoroiodide, 730 

-duotriorthophosphate, 890 

- hexahydroxyphosphate* 1194 

—— hexahydroxysrfphide, 757 * 

-—■ hexametaphospfiate; 895 1 

-hexamminobiCmide, 739 

— - hexammiuoiodide, 737 
-history, 619 

-hydride, 049 

— -— h y drocarbonate^B 43 
-— hydrodisulphate, 783 

hydrofluondo* 094 
-hydrophosphate, 880, 882 

t 
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Calcium bydippboephale, colloidal, 882 

- * dShj^rated, 882 

-v- BftBquihydratedj 882 

hyflrqeulpbiae, 760 
——— bydrowstrasulphate, 783 

— bydrotrisulphatCj 783 
—— hjdioxidfl, 673 

-hemihydrated, 076 

-monohydrcted, 676 

—— --properties chemical, 036 

-- 4 - J -, physical, 681 

— —- solubility, Q77 

— hydroxycarbonate, 839 

—“ J^droiyhexaphosphate, 603 

— hydroxyhydroeolphide, 766 
-hydrojynittate ,-861 

•—— hydroxyphosphate, 002 

■ ■ * iodide, 734 

—— ’—^ hexahydrated, 736 

■ ■■ ■ lodochloride, 738 

■ -iodophogphafce, 897 

-isotopes, 848 

’-lead iodide, 738 

—:— lithium carbonate, 344 

-phosphate, 878 

—— meftaphosphate, 893 

-monometaphoaphate^ 803 

—— monoaulphide, 740 

--monoxide, 663 

-—■ nitrate, 840, 860 

■ -and ethyl alcohol, 866 

dihydruted, 860 

-■ - properties, chemical, Sift) 

——■--physical, 856 

-solubility, 860 

— -tetrohydr&ted, 850 

—— --trihydrated, 860 

——- occurrence, 822 

—— octammiiio chloride, 710 
-—- orthophosphate, 866 

-oohoidal, see 

——-properties, chemical, 868 

--, physical, 867 

—— ortho pyrophosphate, 802 
- OMd% higher, 008 

— --properties, chemical, 683 

— -j-- physical, 660 

-oxides, 662 

-oxybromide, 730 

-oxychloride, 716* 

^-oxyhexaphosphate, 904 

— oxyiodide, 738 * 

-oxynitrate, 853 

— -dihydratedj 853 

—— —- hanihydrated, 863 

— -*tdhydruted, 863 

—-* otyorthophoaphatc, 003 

— oxyHUlphate, 800 

-pentasulphide, 756 

-- phosphate, normal, 866 

— -— ternary, 866 a 

--— (kbaaio, 860 

— phosphates, 864 • 

-polyoroDiide* 730 

-polyiodide, 737 

—— polysulphide, 752 

_potassium ammonium disulphate, 512 

-carbonate, «15 

—— dimetaphoaphate, 894 

— --dimilphate, 897 

WL lit. 

■ 


Calcium potassium hsxaaulphato, 808 

-— peutMwbcmatc, 845 

—— -phosphate, 877 

-pyrophosphate, 892 

-sodium carbonate, 845 

- ....— tribfomido, 732 

--trichloride, 710 

-- triaulphate, 806 

- preparation, 620 
properties; chemical, 037 

- - — - physical, 031 

pyrophosphate, 891 

- --tetrahydrated, 801 

relations Ba, Br, 007 

.rubidium dinulphato, 810 

-triaulphate, 810, 811 

ailicciphosphatc, 873 

- - silver chloride, 720 

— sodium carbonate, 804 

- -dLhydroxytetraflulpliate, 808 

--dimetaphosphate, 894 

-■— disulphate, 805 

- -— hexametaphosphate, 806 
-pontabromide, 732 

- pcntflKulphate, 804 

-- - - phosiihuto, 878 

— - -pyrophosphate, 892 
. -— tctrasulphate, 806 

— --- trimetaphosphate, 804 

— - trisulphate, 805 

-.strontium carbonate; 840 

— —— eodium carbonate, 846 
aubahlorido, 713 

j - — auboxids, 653 
I - - - sulphate, 760 
! - - - anhydrous, 703 

- colloidal, 763 

1 — - dihydratod, 763 

..hemihydrated, 703 

j.- preparation, 703 

- - properties, chemical, 708 

j - physical, 702 

-~ - solubility, 777 

- sulphides, 740 

j - —-photoiuniineficenee, 745 

I .- properties, chemical, 742, 744 

i . physical, 742, 750 

| — - tetraehlorobariato, 720 
| tctrahydroxyoxytrisulphide^ 757 

- — totrametaphosphate; 894 

| .-. octohydrated, 895 

I —tctramminoehloridc; 710 

;-tetraphosphatc; 892 

j ■ — ■ - tetraaulpmde, 763 

- tetnsulphcniodide, 737 

! - * tetroxide, 672 

j —triphosphate; 892 
j — - trieilrcophosphate, 873 
1 —■ uses, 644 
, — — wagnerite, 897, 902 
Ualcapar, 622; 814 
Caleuranite, 623 
Calotypa prooea*, 416 
Cautoa 1 * phosphorus, 740 
Carat, 532 

Carbonate of copper, blue, 7 

]-green, 7 

Carbonato-Hpatite, 896 
Carbonyl cuprous chloride, 102 
Carbuncle; 117 

3 TX 
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Corine of bronze, 76 
Carmenite, 210 
Camotite* 002 
Carrara marble, BIG 
Caryinite, 623 
Cassius, purple of, 664 
Cataphoresds, 541 
Caustic lime, 619, 653 
Cawk, 762 

Cazo process, extraction silver, 303 
Cdeatine, 762 
—— usee, 602 
Cement copper, 30 
—~~ Keenea, 776 

— —Mack's, 776 

— — plasters, 776, 

— Scott's selenitic, 776^ 800 
Cementation, 30 

-proceed, gold parting, 608 

Cerargyrite, 300, 390 
Cerous bromoaurate, 607 

-chloroaurate, 596 

Chalcanthite, 7, 234 
Chalcitis, 3 
Cbaloosite, 7, 210 
Chslcolfthite, S 
Chakopyrite, 7 
Chalcqstibnita, 7 
Chalcotriehite, 117 
Chalk, 622, 814 
Chatkomd&a, 131 
Clialkosinc, 210 
Chalmendte, 7 
Chalybite, 622 
Chnrutz, 296 

Chemicocapillaiy aotions, 222 
Chessylite, 274 
Chloroxsyrite, 390 
Chlondtring roost, 31, 307 
Chlorination process, gold, 499 
Chlorinization gold, 607 
Chloroapatita, 896 

-strontium, 902 

CHoroargyrite, 300 
Chloroaurates, 593 
< ChlorocaJcitc, 623, 697 
CWoroccpritee, 163 
ChloroouprOufl acid, 162 
Chlorophane, 693 
Chmocollo, 8 
Cipfiyte, 903 
Cirrolite, 623 
Clinoclore, S 

Cobalt aurio hexaraminoahloride* 695 

— --— pentamminomtratychloride, 696 

— chloroaurate, 695 
CobaHo-calcite, 814 
Cockscomb barytes, 763 
Coleman ite, 623 
Colloidal oupric oxide, 142 

-■ cuprous oxide, 127 

-silver bromide, 418 

-carbonate, 457 

-orthophosphate, 486 

—— aolm, electrical conductivity, 643 

— -preparation, 651 

Colloids, deflooculation, 536 
—— flocculation, 536 
-gold numbers, 547 

—— paptfcotion, 536 


i Colloids, precipitation, 542 

-Hardy's rule, M3 

-Schulze's rule, 543 

-protective, 539, 547 

Cellophane, 623 

Oollophsmite, 866 ; 880 

Colour of oupric chloride aqIil, 173 ' 

Concentrate, 22 

Conchite, 810 

! Conductivity, electrical, 52 

| -thermal, 52 

; Converter, £5 

! -acid, 26 

I —— basic, 20 
, Coolgardite, 494 
: Coporite, 210 « 1 

Copper, allotropio forms of, 113 

— - alpha, (a-J, 115 

-ammonium calcium tetraaulpbote, 800 

-antimonidee, 98 

-arsenides, 93 

- “■ ’ atomic number, 112 

--- weight, 110 

aurides, 673 

-beta, (fl*), 115 

-black, 72, 131 

; — - blister, 25 

■ -Hue, 7 

: - — burning, 71 * 

■- ■ calcium ammonium tetrasulphate, 811 

— --potaeoium tetraeulphate. 811 

- catalytic, 32 

.cement, 30 

-chemical properties, 69 

.coarse, 25 

-colloidal, 31, 554, 563 

- compounds, reduction, ID 

i --dendritic, 33 

■-dioxide, 116, 149 

1 -— monohydrated, 147 

;-dry, 26 

■ -electrotypipg, 13 

I -wmcaiothde, 207 

-extraction, 21 

—- - ■—— Hunt and Dougleui, 30 * 

: ...—--Longmaid and Henderson, 30 

-filiform, 34 , * 

- — finely divided, 31 

!-flowers of, 70, 117 

;-fluorides, 154 ■ 

; —— glance, 7 

!-- gold alloys, 6S3 

j — — green, 270 

-hair, 34 

:-hexaiodide, -207 

I - — highly purified, 31 
j -—— history, 1 

j -hydride, 72 

I —- indigo, 7, 220 

!-matte, 23 

i ■ ■ metaphosph&ttfa* 292 
~ moss, 34 
—— muriate whift, 157 
-—- native, 6 

-^nitrates, 2 B 0 

—— occurrence, 5 

: -om, 7 

I -►-blistered, T 

--— 7 

i --fivefy U 7 



INDEX 


m 


Copper ora, purple, 7 

— —117 

— -r—- variegated, 7 
-— jwllow, 7 

oxidei, black, 131 

-- ^ 117 

-•— scale, 70 

- vide cuprous and cupric oxides. 

■■ ■ ■ oxyautphidea, 220 
-passivity, 90 

— peroxide, 110 

'—phosphides, 97 ^ 

-phosphor, 07 

—‘-yhfsjcal properties, 33 
—■—■ pojyiodidee, 206 

— potawiunf alloy, 071 
precipitation from compounds, 10 

——-^ metallic, 14 

-- purple^ 7 

■“— pyrites* 7 

■-pyrophoric, 00 

—■— quadrontoiide, 110 

t -red, 117 

-r refining, 26 

— -■ by electrolysis, 27 

-rust, 270 

■— Hoparation from compounds, 10 
—■ «osquioxido, 116, 140 

-silver alloys, 572 

-gold aUoyH, 670 

■”— - -- —— relatione, 617 

*-vuptdting, 3 

-sodium alloy, 571 

——■* subfthloride, 157 

-suboxid&s, 116 

--stfiphido* complex eaJte, 227 

-— - sulphides colloidal, 225 

— .sulpbuivirou, ternary system, 24 

—— tetraiodide, 207 

—— tetritrsoxide, 116 
—- - tough pitch, 27 

-tritosride, 110, 118 

—— uses, 104 

-vitreous, 7 

-—— wool, 32* 

-world’s production, 0 

typpite, 02? 

Cdpralite, 623 
Coquina, 815 
Coral, 622 . 

Coralline limestone* 015 

Cometite, 289 * 

OoveUite, 7 T 220 
Cradles, 40G 

Cream of lime, 676 , 

Cr&ne de ebaux, 620 
Created barytes, 763 
'Crooheaite* 7 
Crushers, 497 
Crystal!! HiMwa, 459 
Cryitallia&tiott, 546 
Cubaoitef 7 

Cupejlation, 302 • 

-TC ngKah fnnmca, 302 

~ German furnace, 302 

-gold, 607 

Cuprane, 157 
Cuprauea, 157 
Cuprates, 149 
Cupretn, 210 


Cupri reamo, 157 
j Cupric acid, 149 

I-- anunino-pyrophoaphate, 201 

-ammonium diamminododide, 260 

- -dimetaphoephate, 292-3 

-sulphate, 255 

-— anhydride, 140 
—■— barium chloride, 720 
-bromide, 192^ 100 

- —--hydrated, 196 

-r -—- properties, 190 

- -—- calcium deoochloride, 719 

-— --disulphate, 812 

-. oxycarbonatophoephate, 897 

i ---tetrachloride, 719 

- - — chloride, 167, 16B 

|-BaClj—KOI -H,0, 716, 720 

j - -liaa t —NaCl-H^, 716, 720 

| ---BaCl(—NHXI—H a O, 710, 720 

: — —-colour of solm, 173 

-complex salts, 1B0 • 

I - - — hexol, 178 

| . _ _ -hydrated, 168, 170 
i--preparation, 168 

- --- properties, ehouuooJ, 177^ 

I - —-physical, 169 * 

--■ trihydrattid, 170 

-colloidal, 142 

■—— hydrated, 142 
—, —physical properties, 133 

J --preparation, 131 

)-decammino-bromide, 193 

-dccainmino-chlorido, 189, 100 

—■ decaznmino-iodide, 2GB, 209 

-diaxninino'bromide, 198 

-diammino-carbonate, 275 

- ™ diammino-ehloride, 190 
—.—diammmo’hydroxido, 151 

-diamminohydroxyfluoride, J56 

-diamminO'iodide, 209 

——diammuiQ-oxybrumide, 108 

- -— d’amminO’SuJphate, 252 

-dih y d rotet rachloridc, 183 

-dihydroxylamine sulphate, 250 

-dimetapheaphate, 292 

-- dioxycarbonats, 269 

-diQxysulphate, 204 

—— dioxytricarbonate, 269 

dipOtaaSium pyrophosphate* 292 

--totrametaphoephate, 203 

-diflodium die or bon a to, 276 

-■ dipyrophosphate, 291 

--tetrametaphosphate, 293 

-. onneaoxysulphate, 26h 

-ennrooxy tetrasulphate, 206 

--- fluoride, 154 

-dihydrated, 154 

-keptofluoride, 154 

— heptoxycarbonato, 208 
——■ heptoxydieulphate, 2fl4 

-heptoxytrisulphate, 266 

-hexaxnetaphosphale, 293 

-. hexnmmino-bromide, 198 

- — hexammmo-chloride, 189 

.h ex ammmo - iodide, 206 

-hexommino-nitrate, 284 

-hexosodium dipyrophosphate, 292 

-- hcxasulphido, 220 

-hydrazine chloride, 101 

- — —-— nitrate, 280 





INDEX 


BIO 


Cupric hydrazine sulphate, 250 

-hydiobromide, 198 

-- hydraFphoBphftte, 286 

-- hydrosulphide* 225 

—— hydrotrichloiide, 181 

-hydroxide, 142 

■—--— properties 144 

—— hydroxybromida, 198 
—™ bydroxydioarbonate, 274 

-bydroxyduoridfiv 166 

-- hydro xylamme sulphate, £56 

-—hydroxyorthophoaphato, £89 

-hydroxypyrophoephate, 291 

—— iodide, 206 

■ -nitrate, 281 

--—enneahyd rated, 281 

-hexahydrated, 281 

— — --properties, chemical, 283 

--— physical, £82 

--- trihydrated, 281 

— nitrogea iodide, 209 
-octoxytrisulphate, 365 

— orthocarbonate, 270 

-orthophosphate, £87 

-oxgta/ 116, 131 

■—-a- chemical properties 133 

-oxy bromide, 198 

-— oiye&rbonate, 290 

— —Oxychloridea, 178 

■ — oxydiauJphide, £20 
—— oxyfluonde, 156 

-oxymonosulphide, 226 

■ oxypentasulphido^ 2£6 
—— oxysuiphate, 266 

- pentahydroxydicorbonato, 260 

-pentahydroxylamino sulphate, 2flfi 

-- pentametaphosphate, 293 

j -peutaromino-bromide, 198 

—— pentammmo-ehloride, 100 
' - —pentammino-hexaiodide, 2UU 

— — penfcammmo-nitrate, 284 
-pentammino-sulphate, 251 

— pentasulphide, £25, 226 

-ixmtoxycarbonate, £08 

-- pentoxydicarbonatc, £69 

pentoxydiflulphate, 2G6 
—— phosphates, basic, 288 

-polyeuJphids, 228 

-potassium carbonate, 278 

'-pyrophosphates, 290 

-Halts, 139 

'-Silver nitrate, 481 

■ ---sulphide, 447 

—— sodium ehlorophosphatos, 29l> 

-- — hexametaphoaphato, 293 

--phosphate, 290 

—•-sulphate, 260 

“-■ trimetaphosphatc, 292 

-sulphate, 234 

-basic, £01 

— -dihydrated, 387 

-ennsahydrated, 237 

---heptahydrated, 237 

— -hoxkhydrated, 237 

“-monohydrated, 236 

--pentahydrated, £86 

----properties, chemical, 246 

— *---physical, 238 

-JfajSO*—H,0, 267 

— -Na ,80*—H ,80*—H t O, 257 


I Cupric sulphate, solubility, 237 

i-trihydrated, 236 

! — eulphide, 220 

■ --alcoaol, 226 * 

;-- colloidal* 225 

: -— ethersol, 226 , 

!--— hydrosol, 226 

— —-—■ preparation, 220 

. --properties, chemical, 223 

; . —— physical, 222 

-■ totrametaphoaphate, 293 

1 — tetxamminO'Chlot^de, 190 
! tetrammino-hexaiodide, £09 1 

-tetrammino-hydroxidM, 161 •* 

: — ■■■ - tetrammino'iodide, 209 

-■ teirammino-nitrate, 284 

--tetranimmo’Oithophasphate, 290 

■ ----- ttftromtmuo-oxyfiuoride, 15® 

- —to trommmo-pyrophosphate, 291 

- —- tetraramino-sulphate, 201 
-hydrated, 263 

-tetrammino'tetraiodide, 209 

-totraoxysulphato, £62 

-telrasulphido, 225 

-tnhydropentachloride, 183 

— trihydroxy-nitrate, 284 
- trimetaphosphate, 293 

- trioxydicarbonate, £68 

-trioxysulphate, 262 

—■— triphosphate, 292 

—- — tmulphido, 226 

Cupiifluorides, 156 
Cuprite, 7, 117 
Cuprites, 146 
Cuprohismuthite, 7 
: Cuprobromidas, 195 
1 Cuprocalcite, £74 
: Cuproiodargyrite, 426 
I Cuproecheelifcc, 623 
| Cuproric oxide, 120 

|-tetrammino-chiorids, 106 

Cuprosocupric chloride, 157 
——■ oxide, 116 
CuprotungBite, 8 
Cuprous ammino-bromide, 194 

■ - ammino-carbonate, £67 

j - ■ ■■ ammino’chloride, 184 

-ammino-nitrate, £81 

-ammonium orthophosphate, 287 

. ■-bromide, 192 

- -- properties, 192 ' 

' -----carbonate, 267 1 ' 

. —- chloride, 167 
. —■-carbonyl, 162 

■ -non^aqueoufl floln., 176 

i-phosphine, 162 

-preparation, 167 

I--— properties, chemical, 100 

|-— physical, 169 

j-diammino-iodide, 206 

-dihydrodichloride, 102 

i —— fluoride, 164 
| ■ ■ ■ hamiommino-iAtlide, 206 
I ■—— hexammmo-chloride, 164 

! -hydrohroraide, 194 

1 ■ ■ ■■ bydrooarbonate, 267 

■ -hydroeulphate, 23^ 

:-hydroxide^ 127 

| -' hydroxy bromide, 104 

i —- hydroxydiofiloride, 104 
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Cuprous diydroxy iodide, SOI 

--kdufi^SOl 

-«— properties, £01 

metHprtwiphate, 287 
nitrate, 281 

-qpthdphiwphute, 287 

-oxide, 118,117 

--chemical properties, 124 

™ — colloidal, 127 

—■ -hydrated, 127 

“ 7 - —— phyeical propertied, 122 

— --■—- preparation, 117 

— bromide* 104 
-Oxychloride, 104 

— exydiohlopde, 164 

— .oxydisulphide** 226 

—*™ oxyiodide, 201 

-oxysulphate* 232 

-potassium iodide, 210 

-salt, 127 

-BBSquiarumino-bromido, 104 

— .sesquiainiiiino-chloride* 104 

--BesquiamminO’iodide, 205 

— - sulphate, 231 

-sulphide* 210 

— --aleahosol, 225 

■“—■-and ferrous sulphide, 24 

-- 7 - preparation, 210 

-properties, chemical, 216 

-- physical, 214 

^-tetramminu'Sulphate, 232 

hydrated, 233 

-thioaurite?, 014 

—triammmo-briJimde, 104 

-tmammigo-chloride, 164 

-triammino-iodido* 205 

Cuprum gnmmat-omim, 157 

-eulphute minoralisatum, 210 

--vitremn* 210 

Cyanide process, gold, 305, 409, 604 

-silver, 305 

Cyanochroitc, 267 
Cyanooita* 7 
Cypfi^n vitrtgj, 234 


Dafft)erroty}>e process, 410 
Dahlias* 023, 806 * 

Darumite, 7 
Ipead'burnt plaster, 775 
Deflocculation colloids, 536 
Depolarizer, 415 + 

Desilvepzation of lead* $11 
-—i——electrotype process, 312 

1 - -— Parked process* 312 * 

*■ ■ ■■ — Pattinson’s process, 311 

--- Boson’s process, 312 

DeviUuae* 203 
DiclUciuJn phewphatef 880 
Digenite, 210 
Dihydrite, 230 
Dioptase, 8 
Dog 1 * tooth-spar, 814 
Doferophanite, 280 
Dolomite* 622 « 

Dolomitio caleite, BH 
Domeykite, 7 
D reelite, 802 


Dry copper, 26 
Dyscraaite, 300 


E 

Earth, 610 
Eau de ohaux* 676 
J£delpatina, 78 
Edingtonifce, 026 
Ehlitu, 280 

Electrical conductivity* 52 
Electrocapillary action^ 222 
Electrotyping, 13 

Electrolysis* refilling copper by, 27 

-- multiple system, 27 

parallel ay stem, 27 

—.- - series system, 27 

Electrolytic process, desilverization* lead, 
313 

Electrostatic separation ores* 22 
Eloctrothcmuc smelting* 23 
Eloctnim* 403 
Embolite, 300, 413 
Emmonitc; 834, 346 
Emploctita. 7 
Enaigito* 7 
Epigenite* 7 
Erioch&lcite, 168 
\ Estrichgyps, 774 
; Ettringite* 623 
Eucairitc, 300 
Eupyrochroite, 806 
Extinction coefficient, 47, 175 


F 


Fall lew, 7 
Fairfleldite, 023 
Fam&tinite, 7 
Faraday's gold, 654 
Folding's sn]n<* 120 
Felspar blue, 274 
Fcrrocaleite, 814 

Ferrous sulphide and cuprous sulphide, 24 • 

Ferruginous limestone, 815 

Fillowite* 623 

Fire blonde, 300 

——- marble, 815 

Flocculation colloids, 536 

Flooring plaster* 774 

Flores cupri, 70* 117 

Flos ferri, 815 

Flotation of ores, 22 

Flouring of mercury, 49H 

Flowers of copper, 70, 117 

Flume, 408 

Fluorite, 688 

- — stinking, 692 
Fluoroapatitc, 806 

— — barium, 001 

-■ strontium, 001 

Fluorocupratea, 156 
FluOru-heavy spar, 802 
Fluorspar* 023, 688 

-coloration, 602 

-stinking. 602 

Fcetid limestone* 816 
Foliated tellurium* 494 
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Hombezg’a phosphorus, 607, 740 
Horn iilvef, 300, 390 
Horafoi^ite, 7 
Hyalophane; 623 
Hydrated lime, 673 
fiydraulic coining, 496 
Hydr&ine, oupric nitrate, 236 

-sulphate, 236 

Hydro apatite, 806 
Hydrobariosuljphuric add, 7 S3 
^Hydroboraeite, 623 
Hydrobromodfcrie acid, 606 
Hjdroeafoite, 822 
Hydfcdloroargentio acid. 307 
HydroOhioroaurio acid, 393 
Hydrooupricarbomcf acid, 273 
^Hydrocuprite, 127 
Hydrocyanite, 234 
Hydroiodoaudc acid, 610 
Hydrometalluigical processes extraction 
copper, 29 . 

--— — chemical, 29 

-— - -- - electrolytic, 29 

Hydronttratosuric add, 616 
Hydxophylite, 697 
Hydrosulphatobario acid, 733 
Hydroanlphocuprioaoid, 226 
HydrotetraauJphoeijpric acid, 229 
Hydroxyapatite, 903 
Hydroxylamino cupric sulpliaten, 2{M 


Iceland epar,^l4 
Idrociaxio, 234 
Image, latent, 412 
Incidence, angle of, 47 
Index of absorption, 47 

-refraction, 47 

Indigo copper, 220 
Induced radioactivity, 1005 
lodargyrite, 426 

IoditJ7426 ' 

Iodoargyrite, 300 
todobromito, 420 
Iotiocupritea, 205 
lodyrite, 426 

Iron copper-sulphur, ternary system, 24 
TsoclaSe, 03$, 902 


Jalpait6, 300, 447 
•Jigging of ores, 22 

Judgments, influence temperament on, 626 

Jval, 296 

JvoJit^JOB 


Kalgoorlite, 494 
Kalknukh, 676 , 

Kalkwbwiro, 622 
KaUcwBHsar, 676 
KaJuBzite, 623, 808 


Karafcenite, 761 
Kotaphoweia, 541 
Keene's cement, 776 
Kerargyrite, 300, 390 
Kta* wet process, silver, 300 
Kiaprothite, 274 
Klaprotholite, 7 
; Konichalcite, 623 
I Kroonerite, 494 
I Krbhnkite, 256, 257 
, Knjgite, 623 
: Ktypeita T 815 
: Kuld, 296 
I Kupfergl&nz, 210 
Kupferglas, 210, 220 
Kupferglaserx, 210 
i Kupferiaaur, 274 
1 Kupferaohwilrxe, 131 


L 

Labradorito, 901 
Lao argenti, 391 
Lait da chaux, 670 
Lambert^ law, 175 
Langito, 7, 203 

Lanthanum bromoaurate, 007 

-chloroaurate, 695 

Lapis infemalia, 459 

-lazuli, pseudo-, 274 

- solaria, 619, 740 
I —“ specularly 761 

I-tiburtinus, 814 

Laauritc, 274 
Latent image, 412 
Lazulite, 274 
Lazurapatite, 896 
Lead barium iodide, 738 

- — calcium iodide, 738 

-dead vernation, 311 

- — — — electrolytic process, 313 
- Parked proeees, 312 

— ■■ — Pattinson^process, 311 

j --ilozon’e process, 312 

-hard, 311 

! — malachite, 274 

i soft, 311 

I — - strontium iodide, 738 
| Libethenite, 8, 289 

| black, 961 

| Lime, 672 

■ burning, 653 
: — burnt, 653 

- caustic, 663 
-cream of, 670 

- high calcium, 653 
——hydrated, 673 

! -live, 653 

-malachite, 274 

-milk of, 676 

-slaked, 673 

-slaking, 673 

-- water, 676 

Limestone, 622, 814 

-coralline, 815 

:-Fontainebleau, 814 

‘—-lithographic, 815 
—— oolitic, 815 
I -shell, 815 


» 

K 
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m 

limestones; argillaceous, 815 
—’ bituminous, 815 

-teiruginoiia, 816 

-fmtidj 815 

—— glauconitic, 814 
—- phosph&tic, 815 

-sandy, 815 

Liroconita, 8 

Lithium argentoiodides, 433 

-calcium carbonate, 844 

-phosphate, 878 

“— chloroourate; 593 
—— silver nitrate, 479 

--- sulphate, 454 

— strontium pentabromido, 731 
—- sulphate cuprate, Sfitt 
—— trichloiocuprate, 183 
Lithographic limestone, 815 
Live lime; 853 
Luna cornea, 391 
Lunar caustic, 459, 481, 474 
Lunnitea, 289 
Luzonite, 7 


M 

Mack’s cement, 776 
Mogisteriiua ceraunoohryBon, 582 
Magistral, 234 , 304 
Magnesium aurabe, 584 

-chbroaurate, 595 

Magnetic separation of pnH 22 
Malachite, 270 
-lead, 274 

— lime, 274 

-preparation, 270 

-properties, 272 

MaJacomte, 7 
Maidonite, 494 , 531 
Manganese bromuauratr, 007 

-chloroaurate, 595 

Mangano-colcite, 522 , 814 
Marble, < 122 , 814 , 815 

— Canara. 815 
-fire, 815 

—— onyx, 815 

- paTmo-dbmorti, 815 

—— part an, 815 

-pudding-stone, 815 

—- vend antique, 815 
MariengZes, 761 
Marmor metallicum, 020 
Marshite, 201 
Martinite, 623 ; 880 
Martin’s cement, 776 
Matte, 24 

— copper, 23 

— — to blister copper, 26 
Mazapilite, 823 
Mecaoromite, 418 
MeTaranise, 131 
Melacanite, 7,131 
Mdsnteria, 3 

Menstruum sine strepitu, 520 
Mercury, flouring of, 498 

-sickening of, 498 

Meretrix metutorum, 69 
Motabnuhite, 88 ^ 882 
Motallorum rex, 500 


I Motallwm rex, 297 
j Metal, base, 358, 626 
I --— noble, 323 
-1 wiSte, 25 

Metaia, solubility in potaa» cyanide, 600 ' / 

MAtaux mated es, 76 

Microhromito, 418 

Miomlith, 623 

Mienrite, 426 

Milk of lime, 078 

Mineral green, 270 

Mining geld, hydraulic, 490 * 

— — ■— placer, 496 

—-reef, 497 

-- ■ vein, 497 

Afisy, 3 

Mobius’ urecess gold refining, 506 «i 

Moebim/ electrolytic process silver, 308 

Mohawkite, 7 

Monetite, 880, 881 

Mcnccalcium phosphate, 886 

Moroxite, 896 

Mud, 27 

Mullerine, 494 

Muriacito, 76 J 

Myaorino, 2G7, 269 


| N 

Kogyagite, 494 
Nail-head spar, 814 
Nantokite, 167 
Nantoquito, 157 
| Natrocalcitc, 622 
Natrochalcite, 257 
Neumann! te, 300 
Negative, 412 

Neotype, 625 , 814 , 834 , 840 
XickH rhloroaurotc, 695 
Niello work, 447 
j Nitrocalcite, 623 , 849 
i Nobel metal, 625 
Nobilite, 404 
Nocorite, 023 


0 


! Obriza, 526 

Obrussa, 301, 525 
Obryza, 625 * L 

Ochre, vanadium, 127 
date pina, 304 
Olivenite, 8 f 

Onyx marble, 816 
Oolitic linuetone, 815 
Or, 296 
I Ore, 6 
-fahl, 7 

-horseflesh, 7 t 

-—- livery copper, 117 

— peacock, 7 * 

-ruby, 7 


-til£ 117 

Ores, concentration of, 22 
— electrostatic separation, 23 
-flotation, 22 


i “—ligging, 22 
. -magnetic separation, 22 
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Otnitbite. 623, 866 

Oetwlite, 028, 890 

Oat's ujtcitiorL, 273 

Oxidation piocesa, gold refining, 50J 

^rfdetrf copper, blacky 7 

■— - 1 -■ red, 7 

OxtdiAw fusion, 28 
Oxyapatite, 904 


. * 

» 

Pochnobte* 823 
Fart ^patting, 496 
Pand^mite, 023 
Fanning, 496 * * 

^Pqpno-di-morti marble, 816 
Paotogen, 911 
Parataoamite, 179 
Parian cement, 770 
-marble, 815 

Parke's process, desHverization lead, 312 
Passivity of copper, 95 
Patera's process, silver, 305 
Patina, 70, 76 

-noble, 78 

-- red, 70 

Patio, 304 

■-■ prtceea, extraction silver, 303 

Fattinson’s process, desilverization lead, 
311 

*fta**814 

Pentechloro-cuprie acid, 183 I 

Peptization colloids, 338 
Perauric acid, 577, 579 
PerowsKite, 6lft 
Petrifying springs, 814 
Petxito, 300, 494 
Pharmacolite, 623 
Phosphate, bone, 904 

-soil, 905 

Phosphatic limestone, 315 
Phosphine cuprooa chloride, 162 
Phosphochelcitc, 8, 289 
Phosphor copjfer, 97 
Phoaphore de Hombeig, 897 
Pbosphores^opeA, 745 
Phosphorite, 623, 896 
Phosphorus, Baldwin’s, 740, 

--Canton's, 740 * 

Photographic plate, 411 
Photography, 411 — 

Photoluminescertcej 746 
PhylJinglanz, 494 * 

Pioropharmacolite, 623 , 

* Pirsfionite, 844 
4 Pisitdm61anc, 625 

floocr deposits, 496 
— gold, 491 

-m ining * 496 

Planghlilate, 8 _ 

Plaster, dtad burnt, 775 

-flooring, 774 • 

-of Paris, 783, 767 

-setting of, 770 

Plasters, cement, 775 
——- hard finish, 776 
Plating, gold, 369 " 

* -- silver, 359 

'Pbttre, 763 


Phxmbooaldte, 622, 8U 
Phonbomalachito, 274 
Plutonium, 620 
Podolite, 896 
Polybasite, 300 
Folyhalitc, 623 
Polysphurite, 623 
Positive; 412 

Potassium ammonium calcium dimilphate, 
812 

——~ —— disulphatocuprato, 259 

-aigento iodide, 432 

-aurate, 584 

-aurochloride, 589 

— - barium calcium carbonate, 846 
-carbonate; 845 

. . .. —~ dknetaphoephate, 394 

--— psntabromide, 732 

-phosphate, 877 

— ..- deoahydrated, 877 

-— —— Bulphato-emoride, 813 

-sulphato-nitrate, 813 

—- —— tetrachloride, 719 

I ■-— trimetaphosphate, 894 

- bromoaurate, 607 

— -— bromocuprate, 2QQ 

-calcium carbonate, 845 

- r dimetaphoaphate, 894 

---dieulphato, 807 

-’■ — hexasulphate, 898 

—— pentacorbonate, 645 
—- phosphate, 877 
- — pyrophosphate, 892 

--tribromide, 732 

- — -'trichloride. 719 

—— — — trisulphate, 800 

-chloride, BeCi*--CuCl,—H,0, 710, 720 

--BaCl,—NaCL, 720 

CaCl,—NaCl 720 

-NaCl—SrClj, 720 

—- chloro&uratas; 693 

-chloroauritee, 588 

-copper alloy, 671 

—— r -■ calcium tctrasulphate, 811 

-cupric carbonate, 278 

--phosphate, 290 

- - tetrametaphosphete, 293 1 

-cuprous iodide; 210 

- cyanide; solubility metals in, 600 
—deoasulphotricuprate, 229 

-di&rgontoiodide, 432 

- - - dichlorocuprite, 163 

- dioxyenneaaulphodicuprate, 229 
-disuiphate aurate; 615 

- disulphato-cuprata, 207 
-dithioaurite, 612 

-hydroxytedrasulphato-oupratc, 259 

-iodoaurete, 610 

-nitratoaurate, 816 

—— pentasulphocuprits; 227 

.silver bromide, 424 

-carbonate, 458 

-, ■»■ nitrate; 480 

--sulphate, 464 

-sulphide, 447 

sodium, barium calcium carbonate, 
846 

——-calcium carbonate, 845 

-strontium dime taphosp hate, 894 

■—--disulphate, 806 




Jtototthun strontium hexamataphosphate, 
895 

— -pontahromide, 733 

— -pentaohloride, 719 

-— phosphate, B77 

'-pyrophosphate, 892 

-— fcetrabromido, 732 

-tetrachloride, 719 

-— truulphate* 80S 

-eulphooupnte, 227 

—— telluroouprate, 150 

-- tetrachlarooupiate, 188 

--tetraphoephatocuprato, 290 

-tefccwiulpbocuprate, 228 

— triammmo-chiorofturate^ 591 
-tribromocupiite, 195 

-trichl oroc uprato, 187 

-trwhloroouprite, 183 

■"— trifluorocuprate, 15# 

Praseodymium ohloroaurate, 690 
Precipitation, MB 

— colloids, 542 

-Hardy’s rule, 543 

-—■ — Schulze’s rule; 643 

( Print, 4J2 
Propeufe, 494 
Proeopite, 623 
Protective colloids, 639 
Proustite* 300 
Ftafudoapatite* 89# 

Pseudolibethenitc, 289 
PseudomaJaohite, 289 
Pulp, 22, 303, 408 
Pulsator tables, 498 
Pulvis chrysoceraunius, 582 
Purification gold, 609 
Purple of Caesura, 564 
Pyrargyrite, 300 
Pyrites, oopper, 7 
Pyritic smelting, 23 
Pyrofllasite, 860 

Pyrophoaphorite, 892 
Pyrosmargyd, 603 
Fyro&tilpmte, 300 


Quicklime, 653 


B 

Bayous ccmtmu&teure, 416 

-excitateura, 416 

Reducing fusion, 26 
Reduction, copper compounds, 10 
Bedruthite, 210 
Beef gold, 491 

Refining copper by electrolysis, 27 
Reflecting power, 47 
Refractive index, 47 
Reguia veneris, 99 
Regulus, £3 
Resina capri* 157 
Reverberatory furnace* 25 

-smelting, 23 

Bhodite, 494 
Richardtte, 7 

Rodftj ebtoridiaing, #1, 300 


Roaat* sulphatisiiig, 30, S04 
Roaster* smelting, £5 
Boasting, blister, 25 
Rochelle salt* 120 
Bogus* 7# 

Romette, 023 

Hoselith, 023 ' 

Bozen’s process, desilveriution lead, 312 
Ruberite, 117 

Rubidium, argentoiodidee, 433 

-broraoaurafce, 607 

-calcium disulphate, 8l0r 

-trieulphate, 8 l 0 , 811 

—— chlorosurates* 594 

-deoaeulphotricuprete, 229 

*—— disu]phato*cuprat*, 25V 

-nitrate curate, 616 

— silver bromide, 424 

-■ -- chloroanrate, 504 

- — nitrate, 481 

- syngenito, 810 

—— tetrasulphoouprate, £28 

-trifiuorootipiatca. 150 

Ruby glass, 664 

-ore, 7 

—- silver* 300 

RumHl’a wet process, silver* 3no 


S 

Saffr&n d’or* 582 

Sal ammoniac urn fixum, 697 

Saltpetre baryta, 025 

— wall, 849 

Samarium bromo&urate, 608 r 
——■ chloroaurate, 696 
Sandy limestone, 816 
Sarpu, 295 
Satin spar* 7fil, 814 
Scandium chlmoaurate* 506 
Scheelitc, 623 

Schulze’s rule* precipitation colloids* 643 
Sehutzkolloide, 647 
Schweizor’s Liquid, 162 * 

-reagent, 162 

Scott’s selenitic oament, 77#, S-Qp 
Seignetta’s salt, 120 
Selenite, 623, 701. 762 
Selenitic cement, 776 ■ 

Self-reduction, 23 
Sh&ttudrite, 8 ^ 

Shell limestone, 815 
Sickening of mercury, 408 
Silber, 296 
SilbergZanz, 438, 

SilbergJ&a, 438 
Stffr, 295 
Silfver* 295 
Silubr* 295 

Silver, allotropic* 566^569 
—- anunino-bromide, 423 
—■—■ amminoflueridlt 390 

-ammino-iodide* 434 

—™ aftmin o■ nitrates* 477 

— antimonial, 300 

—— atomic number, 366 

-weight* 363 * 

——* barium chloride, 720 

— black, 359 1 
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Silver blqpde, aptimonia], 300 

— — Arsenical, 300 

— B^tannia, 338 
—— bromidB, 418 

-colloidal, 418 

— --—- potassium, 424 

—™ “ properties, chemical, 421, 423 

--physical, 410 

-rubidium, 424 

—— bromonitrate, 408 
«—- bullion, 358 
■™- 1 - calcium dhloddq, 720 
-- catbbnate, 456 

— colloidal, 457 

-- w -^r- potaqpiom, 458 

—■—■-sodium, 458 

*-■--w- chloride, 390, 408 

—■ - --cjwium, 404 

-colloidal, 393 

---preparation, 391 

-— propertied, chemical, 396, 401 

--’—■ —™ physical, 393 

— --sodium, 404 

-- chloroaurate, 595 

— chloronitrate, 468 

-colloidal, 309, 554* 560 

-™ copper alloys, 572 

-■—~ gold relations, 617 

—— cy&iodinitrate, 409 

--deoametaphospljAta, 489 

^ - deeaphoephate, 490 
—-^dfemmino-chlorido, 400 

-diammino-hydroxidc, 382 

-diammino-iodide, 435 

-ditmminc-mtrata, 478 

— — diamminftcide, 382 
-—dihydrophosphato, 487 


■ dibydropyrophosphato, 
- dimetaphoephato, 488 


486 


-idinitrate, 385, 484 

-dioxide, 383 

—— diphosphate, 490 

-die til ration, 329 

■■— distribution, 298 
—- disulphatoaurata, 615 
“ — disulphide, 448 
dithioaurito, 614 

-Dori, 358 

-electrochemical eq., 365 

-electro plating 4159 

-- extraction, 301 

——-amalgamates, Boss process, 304 

— -Cazo process, 303 

-—™-Patio process, 303 

-am a Iramation, 303 

— -- — Fondon process, 303 

- * -cupellatipn, 302 • 

*—-electrolytic process* 308 

—— -- — Moebins*, 308 

-— lead smelting, 301 

—“*—^ matte omening, 801 

— ■ ■ —— wet prowsscft BOH 

- — Augustin’s process, 305 

-— J -cyanide proces^SOB 

~---Freiberg vitrioTjeatian 

prooees, 305 

—-—* —-— Hofmann’s vitriolixa- 

tmn process, 305 

- „-K is * 1 process, 306 

—.-— —— Patera's prooees, 305 


Silver extraction, wet {bwm w , Bueeell's 
process, 306 

-► Ziervogd’s process, 305 

—— fine, 3H8 
—— fluoiodide, 430 
—■— fluoride, 387 

— -— dihydrated, 367 

■—--hydrated, 387 

-^ preparation, 387 

— -- — properties, 387 

— ■ ■- tetrahydratedj 387 
-frosted, 359 

—■—fulminating, 381 

-glance, 300, 438 

—— gold alloys, 675 

— -copper alloys, 676 

-halides, action light, 408 

—— hemiammiDO-iodide, 434 
—-- hemitrioxide, 388* 385 

-hexametaphoephato, 489 

-- sodium, 489 

history, 295 

-horn, 300, 390 

-hydride, 472 

- - hydrocarbonate, 456 
-hydrofluoridc, 307 

— ■ hydroiodide, 432 

-hydrophoephate, 4S7 

-hydrosols, H61 

liydrosulphate, 462 
-hydroxide, 380 

— iinido, 301 

- - iodide, 42U 

- - allotrgpes, 427 

--■ cerium, 433 

— .lithium, 433 

—— potassium, 432 

— --preparation, 420 

—■ - - properties, chemical, 435 

— --physical, 427 

— - rubidium, 433 

— —— - sodium, 433 
iododinitrate, 433, 468 

—— lodcnitrate, 433, 468 

-■ iodoeeeqfoinitrate, 433 

-iodotetrauitiTate, 469 

—■ metallic precipitation, 318 

-monauunino-nydroxide, 380 

-- mouammino'nitrate, 477 

-monoxide, 308, 371 

—■ - native, 299 
-nitrate* 459 

— -ammonium, 479 

— --caelum, 481 

--complex, 477 

-- cupric, 481 

— -double, 477 

-lithium, 479 

— - --potassium, 460 

--■ properties, chemical, 405, 466 

--- physical, 460 

™ ~ rubidium, 481 

— nitrato&ntimouide, 472 

-mtratcaraenida, 471 

—~ nikatophoephida^ 470 
-nitride, 381 

-occurrence, 298 

—— ore, block, 300 

—-— brittle, 300 

--— dark rad, 300 
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Sawnt^UUnd.'we 

J —orthopboaphate, 495 

---colloidal, 4S8 

-- oiicle, 371 

— -colloidal, 372 

-propertied chemical, 375 

— -physical, 373 

-oxyhromide, 423 

7 “ oxyfluoride, 367 

-perbromidd *23 

-peroxide* 303, 333 

— - perosyfluoride, 387 

-- peroxynitrate, 432, 434 

“— perwqraulphate, 482, 464 
-phosphates, 485 

-plating, 353 

-—- prupertifiB, oh arnica], 342 
--physical, 321 

— — purification, 3H 

--—- Richards and Wells 1 process, 308 

-Sta* T process, 306 

— pyrometaphesphatA, 400 

-pyrophosphate, 487 

-—— sodium, 486 

f -quadrautoxide, 308 

rofiLod, 363 
refining, 308 

-ruby, 300 

--aoltpetrd 450 

-separation from compounds, 314 

-—- easquiomminO'bromide, 422 
——- aeoquiammino-chloride, 400 

-sesquiaramino-iodide, 435 

-- seequioxide, 366, 38& 

-sodium alloy, 571 

-spitting, 342 

-— standard, 358 

-sterling, 358 

■“—- strontium chloride, 720 

-subbromide, 423 

-—subchloride, 391, 409 

-^ Hubfiuoride, 336 

-subiodide, 435 

--subnitrate, 467 

-suboxido, 368 

— ■ aub^ulphide, 440 

'-aulfochlorure, 401 

—— sulphate, 450 

— -lithium, 464 

-potassium, 454 

-sulphide, 438 

■—-copper, 447 

--potassium, 447 

-properties, chemical, 442 

---physical, 441 

—„sodium, 447 

-teUuroar^entate, 150 

—— tetrammmo-oarbonate, 458 

-tetraznmino-arthophoflphate, 487 

-tetmphoaphate* 489 

— tetritoxide, 3t>8 

-thioaurite, 012^ 014 

-thiocyonatodirntrate, 469 

,-triaiummo-brumide, 422 

-triamminocbloride, 400 

triamraiuonitrate, 479 
—- tri-iodide, 435 

-trimetaphoephate, 489 

triphosphate, 490 
-n— 1 ultraphosphates, 490 


Silver valency, 363 

-world's production, 299 

Silvering of mirrors, 359 
Sinter, calcareous, 814 
Slaked lime, 673 ♦ 

Slate spar, 814 
Slime, 27 
Sluice, 496 
Smalt blue, 274 
; —- native, 274 
Smelting copper ores, 23 
-- —— blast-furnace/ 23 

— -ebetrothermie, 33 

--pyritie, 23 

-reverberatory, 23 

-— rooster* 25 
Seda iLtcuprioarbanate, 277 
—— aigenio-iodieo, 433 
-- aurate, 584 

— - auroauric chloride, 599 
-flurocbloride, 589 

i -barium calcium carbonate^ 840 

-carbonate, 845 

■—“-- chloride, 720 

---fluoride 665 

-- heptaaulphate, 905 

-——phosphate, 378 

——-decahydrated, 878 

---pyrophosphate, 892 

-—— trimetapha&phate, 894 

— — frcupricarbonate, 277 
; Bordeaux, 267 

i-bremoaurate, 607 

— calcium carbonate, 844 

—-Botv-Ka 720 t 

-B*CI,—thd„ 720 * 

-CuC!,—B bCI,—H,0, TI 6 , 720 

-dihydraxytetraaulphato, 806 

— —- dimetaphoephate, 894 

—“ — dtKuiphate, 805 » 

-hoxametaphosphata, 805 

’—- KCl'CaCli, 720 

j-pontabromide, 732 

;-™ pentssulphato, 804^ 

I - —■— phosphate, 878 

-- pyrophosphate, 892 

-SrC\-KCl, 720 | * 

--— tetrmsulphate, 805 

i-■— trimetaphosphate, 894 

|--trieulphate, 805 

:-chlorofluiates, 593 

j-ehloroaurites, 

| -chJorocuprocuprate, 134 

[ -copper alloy, 571 

f -cupric ehlorophosphatea, 290 

■-dicarbouate, 276 

J-- —x heKOmetapboqphafce, 293 

1-■—- phosphate, 260 


--sulphate, 250 t 

— -tetrametaphosphate, 293 

— -* trimetophoqphate, 202 * 

—— cuprite, 145 , 

-diiHiride; 572 * 


ato-cuprate, 256 


lioauxate, 012 


i -— gold alloy, 571 


hexachlorocalciatq 716 

-hexametaphosphate silver* 489 

-*hydroxy 4 ndph&to>ciiprat(\ 267 

-ioddaumta, 610 



Soda lime, ^85 * 

-phatphatocuprete, 300 

— potassium barium, calcium oarbouate, 

*-calcium carbonate 84$ 

— pyro phosphate diver, 488 

-b4™Vj ay, 571 

—-— —— carbonate^ 458 

-chloride, 401 

—■— — sulphide, 447 

-strontium calcium carbonate, 816 

i-— oarhonate, 848 

-- 1 dimetapho&phate, 894 

—- phosphate, 878 

-—— octodocahydrated, 878 

— * - pytoph oaf hate, 802 
— tetrasulphate, 805 

■—— ™— trimetaphoaphate, 804 

-sulphate—£)iiS0 4 —H t O, 257 

-CuSO*—H jBOi—H ( 0 , 257 

-Bulphocupnte, 227 

-—- thioaurite, 611 

-trichlorocuprite, 103 

~-triouprio dipyrophosphate, 291 

-trisulphocuprite, 227 

-tritbioouritc, 012 

S&lv, 205 
Soft lead, 311 

-ora, 300 

Jifoil phosphate, 005 
Soluble anhydrite, 709 
*0br^]^rite, 896 
Socy, 3 

Soviet gold, 493 
Spar blue, 274 
Spartaite, 813b 
Speiae, 25 

Spitting of silver, 342 
Spodioeito, 897 
SfcaSelite, 623, 896 
StaltctitfiB, 814 
Stalagmites, 814 
Stamper mills, 497 
Standard gold, 532 
—— diver, 388 
Steadite„ 903 
Sjelznorite, 265 
Steph*nite,*3(X) 

Sterling gold, 532 

— silver* 358 ■ 

BtinkeSone, 815 
Btaftortite, 680 
Stromeyerite, 447 
Strontia, 652 


—- ■■ water, 676 
i SJrdntitt&alcite, 814, 84(f 
Strontium ammonium dimetaphouphate, 
1 894 

— analytical reactions, 621 
-atomic wt>, 640 

--baqum calcium hexachloride, 720 

— — —•- sulphate, ft3 

-bromide, 725 # 

-—- —— properties, chemical 727 

-—- —-- physical 726 

-broroophosphate, 897 

-caesium exmeachluridc, 719 

,-* calcium oarbodbte, 846 

--— sodium carbonate, 846 

-oarbonate occurrence, 814 


Strontium carbonate preparation, 814 
—*■—**— properties, chemical, 839 

--physical, 633 

-solubility, 824 

-chloride, 697 

—.— andfluoride, 718 

-BoCl,—Nod 720 

--- CaCl-—Bad„ 720 

--dibydrated, 705 

-™- —■ hexohydrated, 705 

--hydrated, 702 

— .- KC1—NoCl, 720 

— -preparation, 697 

-—- ■——■ properties chemical, 714 

— _ physical, 700, 706 
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—— octohydrated, 667 
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-fluoride, 683 
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--— preparation, 688 
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— iluorobromMe, 731 

--fluorochloride, 718 

-fluoroiodide, 739 

— fluorophosphate, 901 
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— hydride, 629-049 
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*-hydroaulphate, 783 

— hydrosulphide, 750 

hydrophoephate, 880 

-hydroxide, 673 
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-oatohrydrated, 675 

-properties, chemical, 635 
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-solubility, 677 

■-hydrbiyphoflphate, 902 

-- hy dro xytiy dro sulphide, 765 

—— iodide, 734 
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-iodoohloride, 738 
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“— isotopes, 048 

-lead iodide, 738 

-lithium pentabromide, 731 

—— metaphosphate, 893 
—- monometaphospbate, 393 
’ —monosulphide, 741 
-— monoxide, 653 
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-properties, chemical 860 
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Venetian mblimata* 157 
yard afttqu© m&rbl©, 81 ft 
•Yradtou/71 370 


L blue, 334 
11 —ayprivL 334 


*—— fa Lima, 458 
Yrtriolum aigenti, 458 


^Volborthite, 623, 635 
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Wapwrite calo!bra;*002 
•1%2 ealtpetre, 846 
Watterillita, 623 

Wat prooawea extraction, copper, 29 

---»-chemical, 20 

-- ^— electrolytic, 20 

WhewalKto* 023 
Whit© metal, 26 
Vrtdtneyito, 7 

Wiedamann and Ffcanz’a law, 62 
Wittlohamt©, 7 
Wood ward rte, 7 
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[ Xauthooanjte, 300 
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Yttrium chloroauiate, 595 
Yttrocar!te, 638 
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Atangiw, pair 

Ziegelars, 117 

Ziervogera process, silver, 305 
Zigu&Lne, 117 
Zifvar, 295 
Zinc axurito, 275 
- — bromoaurate, 607 

-ohloroaurate, 595 

Zincocalnito, 814 
Zorgite, 7 







